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

Policy on the Use of Animals
Neuroscience Research

in

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

Introduction
The Society for Neuroscience, as a professional society for basic and
clinical researchers in neuroscience, endorses and supports the
appropriate and responsible use of animals as experimental subjects.
Knowledge generated by neuroscience research on animals has led to
important advances in the understanding of diseases and disorders that
affect the nervous system and in the development of better treatments
that reduce suffering in humans and animals. This knowledge also makes
a critical contribution to our understanding of ourselves, the
complexities of our brains, and what makes us human. Continued
progress in understanding how the brain works and further advances in
treating and curing disorders of the nervous system require investigation
of complex functions at all levels in the living nervous system. Because
no adequate alternatives exist, much of this research must be done on
animal subjects. The Society takes the position that neuroscientists have
an obligation to contribute to this progress through responsible and
humane research on animals.
Several functions of the Society are related to the use of animals in
research. A number of these involve decisions about research conducted
by individual members of the Society, including the scheduling of
scientific presentations at the Annual Meeting, the review and
publication of original research papers in The Journal of Neuroscience,
and the defense of members whose ethical use of animals in research is
questioned by antivivisectionists. Each of these functions, by
establishing explicit support of the Society for the research of individual
members, defines a relationship between the Society and its members.
The purpose of this document is to outline the policy that guides that
relationship. Compliance with the following policy will be an important
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factor in determining the suitability of research for presentation at the
Annual Meeting or for publication in The Journal ofNeuroscience, and
in situations where the Society is asked to provide public and active
support for a member whose use of animals in research has been
questioned.

General Policy
Neuroscience research uses complicated, often invasive methods, each of
which is associated with different problems, risks, and specific technical
considerations. An experimental method that would be deemed
inappropriate for one kind of research may be the method of choice for
another kind of research. It is therefore impossible for the Society to
define specific policies and procedures for the care and use of all
research animals and for the design and conduct of every neuroscience
experiment.
The US. Public Health Service Policy on Humane Care and Use of
Laboratory Animals (PHS Policy) and the National Institutes of Health
Guide for the Care and Use of Laboratory Animals (NIH Guide)
describe a set of general policies and procedures designed to ensure the
humane and appropriate use of live vertebrate animals in all forms of
biomedical research. The Society finds the policies and procedures set
forth in the PHS Policy and the NIH Guide to be both necessary and
sufficient to ensure a high standard of animal care and use and adopts
them, as its official Policy on the Use of Animals in Neuroscience
Research (Society Policy). All Society members are expected to conduct
their animal research in compliance with the Society Policy and are
required to verify that they have done so when submitting abstracts for
presentation at the Annual Meeting or manuscripts for publication in The
Journal of Neuroscience. Adherence to the Society Policy is also an
important step toward receiving help from the Society in responding to
questions about a member’s use of animals in research. A complete
description of the Society’s policy and procedures for defending
members whose research comes under attack is given in the Society’s

Handbook for the Use ofAnimals in Neuroscience Research.

Local Committee Review

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

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

Recommended References
“Anesthesia
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paralysis

in

experimental

animals.”

Visual

Neuroscience, 1:421-426. 1984.
The Biomedical Investigator ’s Handbookfor Researchers Using Animal
Models. 1987. Foundation for Biomedical Research, 818 Connecticut
Ave., N.W., Suite 303, Washington, D.C. 20006.

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

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

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

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

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

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

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

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

Federal Policy for the Protection of Human Subjects; Notices and Rules.

Federal Register. Vol. 56. No. 117 (June 18, 1991), pp. 28002-28007.
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It is expected that authors submitting papers or abstracts will have conducted their work in strict accordance with the following statement on ethics
approved by the Society for Neuroscience in November 1989 and amended in November 1993.

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

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

, Nov .

11

Panel—3:00 p.m.

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

Decade of the Brain Lecture—8:00 p.m.

12

Symposia—8:00 a.m.

3 . Molecular Biological Studies of the Newly Cloned Opioid
Receptors
Chaired by: H. AKIL ............................................... .................. 1
4. CeUulaa ann Moreeulat Meehamsme oo fntenration
in Mammalian Retina
Chaired by: G.L. FAIN............................................. .................. 1

Special Lecture—10:00 a.m.
5 . The Basal Ganglia and Parkinson’s Disease: Lessons from the
Laboratory and the Operating Room
M.R. DELONG ........................................................ .No Abstract

Warner-Lambert Lecture—11:15 a.m.
6. Embryonic Chimeras to Study the Development of the Nervous
System
N.N.M. LE DOUARIN............................................. .No Abstract

Slides Sessions—8:00 a.m.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.

Neuronal death I...................... .................................
Neuroglia and myelin I .............................................
Beta-amyloid: ApoE I...............................................
Ingestive behavior—peptidee....................................
Acetylcholine receptor:nicotinic I...........................
Subcortical visual pathways I ......... ........................
Process outgrowth, growth cones, and sprouetng I .
Cardiovascular regulation: central modulatien .. . .
Visual cortex: extrastriate—ventral sreeam I .........
Genetic models of human neuropsychiatric
disorders I....................................................................
Visual cortex: striate I...............................................
Presynaptic mechanisms I........................................
GABA receptors: regulation and recombinant
expressioo...................................................................
Neural plasticity ........................................................

Poster Sessions—8:00 a.m.

.................. 1
.................. 3
.................. 5
.................. 7
.................. 9
........... t.11
................13
................15
................18
................20
................21
................23
................25
................27

21. Cell differentiation and migration I......................... ................29
22. Neurotrophic factors: expression and regulation I . ................32
23. Neurotrophic factors: expression and regulation II . ................35
viii

24 .
25 .
26 .
27 .

28 .

2 . Illusions of Body Image in Neurological Disease: What They
Reveal about Human Nature
Chaired by: VS. RAMACHANDRAA.................. .No Abstract
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29 .
30.
31 .

32.
33 .
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
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48.
49.
50.
51.

52.
53.
54.
55.
56.
57.
58.
59.

60.

61.
62.
63.
64.

Sessions
Page

Hormones and development I ....................................................37
Glia and other non-neuronal cells I...........................................41
Cerebral cortex and limbic system I .........................................44
Cytoskeleton transport and membrane targeting:
cytoskeletal proteins ...................................................................47
Cytoskeleton transport and membrane targeting: organelles
and proteins ................................................................................. 49
Gene structure and function I .................................................... 51
Ligand-gated ion channels I ...................................................... 54
Calcium channels: modulation by
intracellular messengers ............................................................. 57
Ion channels: cell function I ...................................................... 60
Ion channels: cell function II...................................................... 63
Acetylcholine ............................................................................... 66
Acetylcholine: distribution .........................................................68
Acetylcholine receptor: nicotinic—structure/function ............70
Excitatory amino acids: excitotoxicity I................•...................72
Excitatory amino acids: excitotoxicity II.................................. 75
Excitatory amino acid receptors I ............................................. 77
Excitatory amino acid receptors II..........................
80
Excitatory amino acid receptors HI........................... '...............83
Peptides: physiological effects I.................................................. 87
Catecholamines: gene structure and regulation .......................90
Receptor modulation, up- and down-regulation I.....................94
Neural-immune interactions: cytokines I.................................. 97
Hypothalamic-pituitary-gonadal regulation I..........................100
Subcortical somatosensory pathways I..................................... 103
Subcortical somatosensory pathways II...................................106
Subcortical somatosensory pathways III ................................ 109
Somatosensory cortex and thalamocortical
relationships I........................................................................ • . . 111
Somatosensory cortex and thalamocortical
relationships II .......................................................................... 115
Somatosensory cortex and thalamocortical
relationships III.......................................................................... 117
Somatosensory cortex and thalamocortical relationships:
barrels I........................................................................................ 119
Somatosensory cortex and thalamocortical relationships:
barrels II...................................................................................... 122
Visual psychophysics and behavior I....................................... 124
Auditory systems: central physiology I ...................................127
Olfactory senses: olfactory receptor cells ..............................130
Olfactory senses: invertebrates ................................................ 133
Vestibular system: vestibuloocular reflex—
human studies.................... .•.................................................... 135
Vestibular system: vestibuloocular reflex—physiology
and behavior............................................................................... 137
Oculomotor system: smooth movements................................140
Spinal cord and brainstem: pattern generation.......................142
Spinal cord and brainstem: cellular neurophysiolony........... 144
Circuitry and pattern generation:
models and methods ................................................................. 146
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Circuitry and pattern generation: simple systems...................149
Circuitry and pattern generation: modulation of CPG .......... 152
Comparative neuroanatomy: forebrain I..................................154
Brain metabolism and blood flow: pharmacology .................156
Learning and memory: pharmacology I..................................158
Learning and memory: pharmacology II................................ 161
Learning and memory: pharmacology III ............................. 164
Neural plasticity: synaptic properties...................................... 168
Neural plasticity: lesions and recovesy.................................... 170
Neural plasticity: molecules and pharmacology.....................173
Motivation and emotion: self-stimulation................................176
Biological rhythms and sleep: anatomy.................................. 178
Biological rhythms and sleep: neurotransmitters and
hormones I ................................................................................. 179
Biological rhythms and sleep: melatonin and pineal ........... 182
Neuroethology: electroteception ............................................ 184
Hormonal control of reproductive behavior: receptors,
chemistry, and anatomy............................................................ 188
Monoamines and behavior: mental disorders, models,
and tteatmenis.........................,................................................. 191
Aging: animal modds.............................................................. 196
Genetic models of human neutopsychiairic
disorders II ................................................................................ 199
Epilepsy: anticonvulsantdrugsI ............................................ 201
Beta-amyloid: gene expression ............................................... 205
Beta-amyloid: protein interactions.......................................... 207
Ischemia: enzymes ................................................................. . 209
Ischemia: glia and edema ....................................................... 211
Ischemia: glucose, pH and temperature.................................213
Ischemia: ionic mechanisms ...................................................216
Ischemia: inflammation and coagulation...............................219
Ischemia: imaging.....................................................................221
Ischemia: models .....................................................................225
Ischemia: trophic factors, peptides and hoimones ...............228
Trauma: spinal cord...................................................................231
Infectious diseases: HIV—pathogenesis ...............................233
Infectious diseases: HIV—diagnosis and tteatment.............236
Mental illness—schizophrenia I ............................................. 237
Neurotoxins I ............................................................................ 240

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

100. History of neuroscience...................................................... 244
101 . Teaching of neuroseienee: curriculum development .. .. 247
102 . Teaching of neuroscience: computer programs
and internd......................................................................... 251
103. Teaching of neuroscience: laboratory courses
and exerrises....................................................................... 253
Symposia—1:00 p. m .
104. Patterns of Activity Shaped by Local Circuitry in
Mammalian Visual Cortex
Chaired by: J. S . LUND.................................... ' . . . . ............. 254
105. From Fos to Proteolysis: Molecular Events in
Brain Ischemia
Chaired by: F.R. SHARP ........................................................ 254
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Special Lecture—1:00 p.m.
106 . MoteeulaT Meehamems in Ssnnptii VesicieEndocirtosie
and Recycling
P. DE CAMILLI.......................................................... No Abstract

Special Lecture—4:15 p.m.
107 . Dynamic Modulation of Neurons and Networks
E .E . MAIRDER............................................................ No Abstract

Slide Sessions—1:00 p.m.
108 . Alzheimer’s disease: neurofibrillary degen^rateo............... 255
109 . Beta-amyloid: animal models I .............................................. 257
110 . Mental illness I......................................................................... 259
111. Long-term potentiation: pharmacology I...............................261
112 . H)y>olharamic-pieuleary-gonadar roeg-dadon iI ......................263
113 . Serotonin receptors I.................................................................266
114 . Conned of portule and movement. mow co^rd i .............268
115 . Cerebellum................................................................................ 270
116 . Cognition I ................................................................................ 272
117 . Leareling and memory: syntcms and ifuictions i................... 274
118. Pattern formation, compartments and boundaries I .............276
119 . Neurotrophic factors: biologic effects I.................................278
120. Visual cortex: extrastriate—dorsal stream I........................... 280
121. Potassium channel sCeuciure, function and
expression I............................... .................................................282

Poster Sessions;—1:00 p.m.
122.
123.
124 .
125.
126.
127 .
128 .
129 .
130 .
131 .
132 .
133.
134 .
135 .
136 .
137.
138 .
139 .
140 .
141 .
142 .
143 .
144 .

145 .
146 .
147 .

Genesis of neurons and glia I ..................................................284
Axon guidance mechanisms and pathways I ......................... 288
Axon guidance mechanisms and pathways II........................291
Neurotrophic factors: expression and regulation III...............294
Neurotrophic factors: expression and regulation IV...............297
Neuronal death II ...................................................................... 300
Glia and other non-neuronal cells II ...................................... 303
Cerebral cortex and limbic system.II......................................306
Optic nerve regenesetion..........................................................308
Regeneration of nervous systems............................................ 311
Assisted axonal regeneratien...................................................312
Transplantation: Parkinson^ disease—related......................315
NeldOolle aad my'din iI............................................................318
Neuroglia and myelin Ill......................................................... 322
Presynaptic mechanisms II ..................................................... 325
Presynaptic mechanisms III..................................................... 328
Presynaptic mechanisms IV..................................................... 331
Presynaptic mechanisms V ..................................................... 334
Calcium channels: modulation by peptidetoxim.................. 338
Calcium channels: modulation by non-peptide
neurotransmitters ... ...................................... ,........................ 340
Acetylcholine receptor: nicotinic—biophynies...................... 343
Acetylcholine receptor: nicotinic—acetylcholineregulation, distribution, and physio^og................................. 344
Excitatory amino acids: anatomy and physiology—
regional localization .................................................................346
Excitatory amino acids: pharmacology—drugs....................349
GABA receptors I..................................................................... 354
Neuropeptide localization: endocrine peptide......................357
IX
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186.
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189.
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191.
192.
193.
194.
195.

196.
X

Opioids: anatomy, physiology and behavior I.........................360
Catecholamine receptors: antisense and knock outt............. 363
Catecholamine receptors: distributioo .................................... 365
Other neurotransmitters: adenosine......................................... 366
Interactions between neurotransmitters I................................ 368
Interactions between neurotransmitters II ..............................371
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BEHAVIORAL EFFECTS AND PENTYLENETETRAZOLE-INDUCED
SEIZURE PROTECTION OF DIZOCILPINE AND LORAZEPAM ALONE
OR IN COMBINATION IN MALE CD1 MICE. G.A. Pritchard*, J. S. Pratt
and D. J. Greenblatt. Department of Pharmacology and Experimental
Therapeutics, Tufts University School of Medicine, Boston, MA 02111.
To evaluate the potential interaction between the NMDA receptors and the
GABAA receptor family, dizocilpine (DIZ) and lorazepam (LRZ), alone or in
combination, were evaluated for their effects on a number of behavioral
parameters as well as in a pentylenetetrazole (PTZ) seizure protection assay
in male CD-1 mice. Animals were injected with DIZ or vehicle and 15 min
later with LRZ or vehicle. Distance traveled, rears and stereotypy were
measured using an activity monitor 40 min following the first injection for 20
min (4x5 min). The tail vein of each mouse was then cannulated and PTZ
was infused until the animal had two tonic-clonic seizures. Behavioral
effects of DIZ were observed only for the highest dose (0.1 mg/kg) and was
evidenced by a significant (80%) increase in distance traveled during each of
four intervals monitored. Rears and stereotypy were unaffected by DIZ at
any concentration. Also, DIZ had no protective effect against PTZ-induced
seizures. Lorazepam, however, significantly reduced horizontal activity,
rears and stereotypy at all but the lowest concentration (0.2 mg/kg) in a
dose-dependent manner. Similarly, LRZ had a dose-dependent protective
effect against PTZ-induced seizures with all but the lowest concentration (0.2
mg/kg) significantly increasing the volume of PTZ needed to induce
convulsions. When combined at the lowest and highest levels tested, DIZ
and LRZ had effects similar to that of LRZ alone; no synergism was
observed Furthermore, the eleveated horizontal activity induced by DIZ
(0.1 mg/kg) was completely attenuated by LRZ (2.0 mg/kg).

DOSE-RESPONSE OF CYCLOPHOSPHAMIDE-INDUCED' EMESIS
IN THE FERRET. R.L. Wynn. A. Carter. R. Meszler*. L. Lao. BM.
Berman and R.H. Wong. Department of Family Medicine, School of
Medicine, and Departments of Anatomy and Pharmacology, Dental
School, University of Maryland, Baltimore, MD 21201
Nausea and vomiting are severe side-effects often associated with
cancer
chemotherapy and may affect treatment decisions.
Cyclophosphamide is a commonly used chemotherapy agent for breast
cancer and induces emesis in the ferret. In order to examine the
emetogenic effect of cyclophosphamide, ferrets (1.0-1.8 kg) were placed
under general anesthesia (isoflurane 5%-O2 mixture) and were
administered logarithmic doses of i.v. cyclophosphamide. The mean
number (±SE) of emetic episodes and retches were: 2.2±0.9 episodes
and 2.8±1.9 retches at 56 mg/kg, 7.3±3.2 and 30.5±17.5 at 100 mg/kg,
23.3±4.0 and 85.3±20.4 at 177 mg/kg, and 23.5±7.5 and 62.5±38.5 at
237 mg/kg. In addition, various antiemetics were given i.v. immediately
following cyclophosphamide injection. Ondansetron reduced emetic
episodes by 0% and 43% (0.04 and 0.07 mg/kg), metoclopramide by
65% and 98% (4.08 and 7.07 mg/kg), and droperidol by 16% and 24%
(0.45 and 0.25 mg/kg). These results indicate that cyclophosphamide
induces emesis in a dose-dependent manner and may be useful in
evaluating conventional and complementary therapies for the treatment
of chemotherapy-induced emesis. Support provided by the U.S. Army
Breast Cancer Research Program #DAMD17-94-J-4325.

637.11

637.12

EFFECTS OF I.C.V. AND I.C. BETA-FUNALTREXAMINE ON
DISCRIMINATIVE STIMULUS EFFECTS OF MORPHINE. J.A.

STIMULUS ADDITIVITY IN A DRUG DISCRIMINATION TASK:
CREATING A MORPHINE CUE FROM OTC COMPOUNDS.

Moretti* and A.M. Young. Department of Psychology, Wayne State
University, Detroit MI 48202.
The present experiments investigated effects of the selective irreversible
p opiate antagonist beta-funaltrexamine (p-FNA) on discriminative stimulus
and rate-altering effects of morphine sulfate (MS), the prototypic p opiate
agonist. Male Sprague-Dawley rats were trained to discriminate among 3.2
mg/kg MS and saline under a FR15 schedule of food reinforcement.
Generalization curves for MS (0.32-5.6 mg/kg) were established using a
cumulative dosing procedure. Rats were then dosed with 20 pg p-FNA, by
either i.c.v. or i.c. administration. Morphine was retested 24 h, 72 h, and
8 d after p-FNA treatment, and weekly thereafter, until recovery of the
maximal stimulus effects of MS was observed. p-FNA i.c.v. produced a
loss of maximal MS-like stimulus effects for up to 72 h, and also increased
the dose of MS required to suppress rates by approximately six-fold. After
22 days the rate-altering potency of MS returned to control values, and MS
regained the capacity to produce a maximal stimulus effect, although the
dose required for MS-like responding was still greater than control values.
The effects of p-FNA i.c. were significant, albeit less pronounced than
those seen with i.c.v. administration, demonstrating that P-FNA is more
potent when administered i.c.v. The present data suggest that p-FNA can
suppress the maximal stimulus effects of MS by alkylating a sufficient
proportion of the receptor pool mediating these responses. (Supported by
DA03796 and K02 DA00132.)

D.V. Gauvin.* RJ. Briscoe. K.L. Carl and FA. Holloway. Department of
Psychiat. & Behav Sci, Univ. Oklahoma H.S.C., Okla. City, OK 73190
This laboratory recently has published reports demonstrating simple
effect-additivity of stimulus elements of compound drug stimuli (PB&B,
32:1017-1023; Psychopharm 110:309-319; J Psychopharm 7:52-59). With
respect to stimulus control by compound stimuli, Fantino & Logan have
suggested that the specific stimulus element or dimension which controls
the behavioral operant is largely beyond experimental control and may
even be idiosyncratic (1979, The experimental analysis of behavior; a
biological perspective San Francisco: W.H. Freeman). Using a two-choice
drug discrimination task, rats were trained with 3.2 mg/kg morphine and
saline as training stimuli. We used a single subject analysis strategy to
examine which specific elements) of the compound morphine cue
controlled behavioral choice. Cross-generalization profiles were determined for a number of over-the-counter (OTC) medications which were
hypothesized to engender subjective elements of a compound morphine
cue including sedation, lethargy, and analgesia: dextromethorphan,
doxylamine, diphenhydramine, pynlamine, pyridoxine, thiamine, and
loperamide. When tested in combination with saline, none of the OTC
compounds produced a group mean percentage of 'drug-appropriate’
responding >50%. Based on an individual rats’ cross-generalization
profile, each subject was tested for ’stimulus-element-additivity ’ by
administering and testing variations of binary and ternary combinations
of these same OTC compounds. A test combination was formulated from
the addition of single CTC drug stimulus elements for each rat which
engendered >95% morphine-appropriate responding. These test
combinations appeared to be idiosyncratic, dose-dependent, and to follow
rules predicted by simple effect-additivity.

637.13

637.14

CUMULATIVE vs ACUTE DOSE-RESPONSE PROCEDURES
PRODUCE DIFFERENTIAL BAC AND DD FUNCTIONS FOR ETOH

TRAINING DOSE AS A DETERMINANT OF STIMULUS
GENERALIZATION WITH A MIXTURE OF DRUGS. I. P. Stolerman*.
E. A. Mariathasan and J-A W White. Section of Behavioural Pharmacology,
Institute of Psychiatry, De Crespigny Park, London SE5 8AF, U.K.

RJ. Briscoe,* D.V. Gauvin,. KA Carl, & FA, Holloway

Dept Psychiat & Behav Sci, O.U.H.S.C., Oklahoma City, OK 73190
Twelve male S-D rats were trained to discriminate between 1.25 g/kg
ETOH and saline injections, in a multi-cycle operant discrimination task.
Once trained, complete dose-effect curves (DECs) were generated, once
per month, using two different incremented (cumulative) dose procedures
(DEC1 & 3:0.25,0.75,1.25,1.75,2.25 g/kg or DEC2 & 4:0.0,0.625,1.25,
1.875, 2.25 g/kg). The same doses were tested singly in acute testing
sessions over the five month period. Similar cumulative behavioral DECs
were generated within each cumulative procedure (DEC#1 vs DEC#3,
F(l,6)=.23: n.s.; DEC#2 vs DEC#4 F’(l,6)=.13: n.s.) however, significant
differences were produced between the two dosing incremented procedures (ED50s: DEC1 vs DEC: 1.06 ± .25 vs 1.06 ± .23; DEC2 vs DEC4:
.74 ± .15 vs .73 ± .17). Tests of the 1.25 g/kg Et Oh training dose
engendered 100% ETOH-appropriate responding under acute testing
procedures but only ~70% ETOH-appropriate responding under
cumulative testing procedures. When blood alcohol concentrations
(BACs) were quantified by GC assays, cumulative testing procedures
always produced significantly lower BACs than acute testing procedures
(t(6)=8.12,p<.001). Group mean BACs produced by the 1.25 g/kg ETOH
training dose were 70 ± 6 mg/dl and 126 ± 5 mg/dl when tested in
cumulative and acute procedures, respectively. Interestingly, response
rate functions did not differ between either cumulative procedures or
between cumulative and acute procedures. These data may suggest that
differential dosing procedures, interacting with ETOH-associated
metabolic processes (absorption or distribution) may influence the
behavioral choice and blood alcohol concentration DECs in rats.
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The dose of a drug used for training can influence the characteristics of drug
discrimination behaviour established with single drugs. To determine whether this
also applies to discriminations based on mixtures of drugs, three groups of rats
(n=9-10) were trained to discriminate mixtures of (+)-amphetamine (0.2-0.8 mg/kg)
plus pentobarbitone (5-20 mg/kg) from saline in a standard, two-lever procedure
with food reinforcement; the ratio between the training doses was constant at 1:25
for each group. The groups acquired the discriminations to an accuracy of 90-97%
and, in each case, generalization to amphetamine or pentobarbitone alone was clear
and dose-related, but less than complete in most experiments (68-86%). There was
also partial generalization when either apomorphine (50%) or nicotine (63%) was
administered alone, but only in rats trained on the smallest amount of the mixture;
in rats trained with the larger doses of the mixture, neither apomorphine nor
nicotine increased responding above vehicle levels. Doses of pentobarbitone that
were half of those used in training produced little or no discriminative response
when administered alone to the rats trained with the two smallest doses of the
mixture; the same doses of pentobarbitone increased responses to amphetamine or
apomorphine in a supra-additive manner. Strikingly, some doses of apomorphine
and pentobarbitone that alone produced only vehicle-like responding (11%)
produced almost complete generalization (80%) in rats trained with 0.4 mg/kg of
amphetamine plus 10 mg/kg of pentobarbitone; this interaction was not seen in the
rats trained with either smaller or larger doses of the mixture. The complex pattern
of results suggests that doses of drugs used for training play an important role in the
discrimination of abused drug mixtures, but no simple rules to predict the influence
of training dose have been ascertained (supported by NIDA grant DA 05543).
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HOTPLATE SENSITIVITY: INDIVIDUAL DIFFERENCES,
HABITUATION, AND STIMULUS INTENSITY. D.F. Emerich*, M.A.
Plone. and M.D. Lindner. CytoTherapeutics Inc., Two Richmond
Square, Providence, Rl 02906
The hotplate test, which typically involves placing a rodent in a
chamber with a heated floor and recording the latency of the first sign
of discomfort, is one of the most frequently used procedures in the
study of pain and analgesics, yet the psychometric properties of this
test have not been fully characterized. We conducted a survey of the
literature which revealed that: (1) higher hotplate temperatures are more
common than lower temperatures, and (2) studies do not match
subjects into groups to ensure that groups are equivalent before
treatment begins. It is likely that subjects are not matched into groups
because it has been reported that "behavioral tolerance" occurs. We
assessed morphine dose-response curves in rats that had been
habituated or were naive to a 50°C or 55°C hotplate. The data reveal
that: (1) consistent with numerous previous reports, the lower
temperature hotplate was much more sensitive to the effects of
analgesic agents such as morphine, (2) there are reliable differences
between individuals, and (3) ' habituation to the hotplate testing
procedures does not reduce the analgesic effects of morphine (there
was no evidence of "behavioral tolerance" to the test procedures).
These results support the use of lower stimulus intensities, and the
practice of assessing pretreatment response latencies to the hotplate in
order to match subjects into groups before treatments are initiated.

HYPOTHALAMIC-PITUITARY-ADRENAL REGULATION:

OTHER II

638.1

638.2

THE PATTERN OF CELLULAR ACTIVATION SEEN IN RESPONSE TO ACUTE
RESTRAINT SUGGESTS COMMONALITIES AMONG "NEUROGENIC" STRESS
MODELS. V. Viau* and P.E. Sawchenko. The Salk Institute, La Jolla, CA 92037.
Acute restraint reliably activates the hypothalamo-pituitary-adrenal (HPA) axis, and
is among the more commonly employed stress models. To provide an overview of the
CNS systems that are activated in response to this challenge, we followed the time
Course of Fos protein expression induced in rat brain by a single 30 min restraint
session. The widespread patterns of cellular activation we observed were most robust in
animals sacrificed at 1-2 hr after stress, and returned to near control levels by 4 hr. Cell
groups evincing Fos induction included the paraventricular nucleus of the hypothalamus
(PVH), where responsive neurons were localized principally in the hypophysiotropic
zone of parvocellular division, with secondary accumulations in autonomic-related
subdivisions and in oxytocin-rich aspects of the magnocellular neurosecretory system.
Beyond the hypothalamus, Fos-ir neurons could be grouped as belonging to three
broadly defined systems. Induction was prominent in the limbic region of the
telencephalon, including the infra- and prelimbic cortices, the lateral septal nucleus, bed
nucleus of the stria terminalis, and the basolateral and medial amygdaloid nuclei. A
second major focus comprised cell groups involved in the processing of somatosensory
and/or nociceptive information; such structures included the dorsal column nuclei, the
periaqueductal gray, cholinergic cell groups of the mesopontine tegmentum, and the
midline and intralaminar nuclear complexes of the thalamus. Finally, brainstem
catecholaminergic cell groups reliably displayed robust restraint-induced Fos expression.
Prominent among these were the locus coeruleus, and cells in the medial part of the
nucleus of the solitary tract, as well as aminergic regions of the rostral and caudal
ventrolateral medulla. This general pattern of restraint-induced cellular activation is
strikingly similar to that which has been described following footshock or
immobilization, and contrasts starkly with profiles seen in response to systemic
stresses such as hemorrhage or immune challenge. While the categorization of certain
stress models as "neurogenic" appears to have some basis in induced patterns of
immediate-early gene expression, it remains to be determined whether they activate the
central limb of the HPA axis through common circuitries and mechanisms.

SEQUENCE OF STRESS-INDUCED ALTERATIONS IN INDICES OF
CELLULAR ACTIVATION IN PARVOCELLULAR NEUROSECRETORY
NEURONS: MARKERS VERSUS MECHANISMS. K.J. Kov&cs* and P.E.
Sawchenko. The Salk Institute, La Jolla, CA and Inst. Exp. Med., Budapest, Hungary.
Acute ether stress results in increased ACTH and corticosterone secretion that peak at
5 and 30 min, respectively, after the challenge. Using cRNA probes to intronic
sequences of genes encoding ACTH secretogogues in parvocellular neurosecretory
neurons of the paraventricular nucleus (PVH), we have found these events to be
accompanied by rapid and transient transcriptional activation of corticotropin-releasing
factor (CRF) hnRNA expression (peak at 5-15 min), and a delayed up-regulation of
arginine vasopressin (AVP) hnRNA (90-120 min). To gain insight into possible
molecular mechanisms regulating stress-induced CRF and AVP expression in vivo, we
have compared the time course of ether stress-induced activation of representatives of
three transcription factor classes: immediate-early genes (c-fos and NGFI-B), a POUdomain factor (Bm-2), and the cAMP-response element binding protein (CREB), using
antisera specific to its transcriptionally active, phosphorylated, form (P-CREB).
Functional DNA binding sites for both Bm-2 and P-CREB have been identified on the
CRF promoter. In response to ether stress, c-fos and NGFI-B mRNA induction in the
PVH were maximal at 30-60 min, and that of Fos protein peaked at 90-120 min. Bm-2
mRNA was found to be constitutively expressed in parvocellular and magnocellular
compartments of the PVH, and its expression did not change over the 4 hr observation
period we employed. P-CREB was induced in parvocellular neurons with a time course
which paralleled that of CRF hnRNA expression, reaching a maximum 5-15 min after
exposure to ether vapor. In vivo inhibition of protein synthesis by cycloheximide prior
to stress resulted in a marked reduction of the Fos protein response to ether in the
parvocellular PVH, and attenuated the stress-induced rise in AVP hnRNA.
Cycloheximide treatment did not, however, alter significantly P-CREB induction or
stress-induced CRF hnRNA expression. The stress-induced transcriptional activation of
the AVP and CRF genes in hypophysiotropic neurons appear to involve independent
mechanisms, that respectively do and do not require de novo protein synthesis.

638.3

638.4

MECAMYLAMINE ADMINISTRATION INTO THE FOURTH
VENTRICLE ANTAGONIZES NICOTINE-INDUCED c-FOS
EXPRESSION IN THE PARAVENTRICULAR NUCLEUS OF THE
HYPOTHALAMUS. B.M. Sharp, J.D., Valentine. K.M. McAllen. F.J.
Wilson*, and S.G. Matta. Minneapolis Medical Research Foundation
and Departments of Medicine, Hennepin County Medical Center and
University of Minnesota, Minneapolis, m N 55404 and Dept
Neuroscience and Cell Biology UMDNJ-RW Johnson Medical School,
Piscataway, NJ 08854
Previous research from this laboratory suggests that nicotine (NIC)
elicits ACTH secretion indirectly, by activating brainstem neurons that
project to the paraventricular nucleus of the hypothalamus (PVN), a
region containing CRH. The present study further examined this
hypothesis using a polysynaptic marker for neuronal activation, c-Fos.
In experiment 1, rats received iv injections of vehicle or 0.045-0.18
NIC at a rate of 0.09 mg/kg/min and were sacrificed 1 hr later.
Consistent with previous findings, immunohistochemical analysis for cFos showed that the PVN was dose-dependently activated by NIC, with
the lower doses primarily activating the CRH rich parvocellular region
and the higher doses activating the magnocellular region as well. In
experiment 2, rats received vehicle or 4 ug of the nicotinic antagonist
mecamylamine (MEC) into the fourth ventricle 15 min before iv
administration of 0.09 mg/kg NIC. The results showed that MEC
antagonized NIC-induced c-Fos expression throughout the PVN. These
findings are consistent with prior results suggesting that NIC elicits
ACTH release by activating.branstem neurons that in turn activate the
PVN. (Supported by DA03977)

NICOTINE’S INDUCTION OF c-FOS IN THE NTS-A2/C2 IS
ANTAGONIZED
BY
FOURTH
VENTRICULAR
MECAMYLAMINE. J.D. Valentine*. S.G. Matta. K.M. McAllen
and B.M. Sharp. Minneapolis Medical Research Foundation and
Departments of Medicine, Hennepin County Medical Center and
University of Minnesota, Minneapolis, MN 55404.
Previous research from this laboratory suggests that nicotine (NIC)
elicits ACTH secretion by activating brainstem catecholamine
neurons projecting to the paraventricular nucleus of the
hypothalamus. The present study further examined this hypothesis.
In experiment 1, rats received iv injections of vehicle, 0.045,0.09,
0.135 or 0.18 mg/kg NIC at a rate of 0.09 mg/kg/min and were
sacrificed 1 hr later. Immunohistochemical analysis showed that
NIC dose-dependently induced c-Fos expression throughout the
NTS-A2/C2. This expression was a linear function of dose from
0.045-0.135 mg/kg, with the 0.18 mg/kg, dose causing a far greater
induction. In experiment 2, rats received vehicle or 4 gg of the
nicotinic antagonist mecamylamine (MEC) into the fourth ventricle
15 min before iv administration of 0.09 mg/kg NIC. The results
showed that only a small fraction of. the NTS-A2/C2 neurons
expressing NIC-induced c-Fos also contained the catecholamine
systhesis enzyme tyrosine hydroxylase. However, MEC antagonized
NIC-induced c-Fos expression throughout the NTS-A2/C2. The
present results are consistent with the hypothesis that NIC elicits
ACTH secretion via activation of brainstem neurons, some of which
are catecholaminergic. (Supported by DA03977)
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INDUCTION OF THE IMMEDIATE-EARLY GENE c-fos IN THE AUDITORY
AND LIMBIC SYSTEMS FOLLOWING LOUD NOISE STRESS. S. Campeau*.
and S J. Watson. Mental Health Research Institute, University of Michigan, Ann
Arbor, MI 48109.
The paraventricular nucleus of the hypothalamus is commonly thought to be the
final common relay essential for stress-induced glucocorticoid release. However, the
anatomical pathway(s) through which neurogenic stressors activate the
paraventricular nucleus are not well delineated. In an attempt to determine more
precisely how the paraventricular nucleus is activated by stress, a loud noise stimulus
was used. Because the auditory system is already well characterized, it might provide
a useful starting point to trace the pathway(s) ultimately innervating the
paraventricular nucleus. Induction of c-fos mRNA was used to map the pattern of
neural activation produced by loud noise.
Sprague-Dawley male rats (n = 4 per group) were used. Rats in one group served as
naive controls. Rats in the other two groups were handled for 2 min and placed in the
experimental cage for 10 min on each of 14 consecutive days. On Day 15, the
animals were placed in the cage for 60 min, and for one group, a 110 dBA noise (20 20000 Hz) stimulus was turned on for the last 30 min. The rats were decapitated
immediately upon removal from the cage, their trunk blood collected and processed
for corticosterone radioimmunoassay. The brains were removed, frozen, and processed
for c-fos in situ hybridization using a 680 nucleotide riboprobe.
Loud noise produced a reliable increase in plasma corticosterone concentration
(20.3 ± 5.6 pg/dl) compared to handled/cage (0.6 ± 0.3 pg/dl) and naive controls (1.2
± 0.4 pg/dl). Loud noise induced c-fos mRNA was observed in many forebrain and
limbic areas as well as throughout the auditory system (from the cochlear nuclei to
the auditory cortex). The pattern of activation in the forebrain and limbic systems
parallels that obtained following swim and restraint stress (Cullinan et al., Neurosci..
64:477,1995). Lesion studies are underway to determine which of the auditory relay
nuclei provides the starting point of a multi-synaptic pathway ultimately innervating
the paraventricular nucleus of the hypothalamus.

OTHER II

638.6
FOS IMMUNOREACTIVITY IN AMYGDALA AND HYPOTHALAMUS
AFTER GRADED HEMORRHAGE IN THE RAT. M.P. Lilly. D.J. Putney and
J.M. Simard*. University of Maryland at Baltimore, School of Medicine,
Baltimore MD 21201.
We have previously reported potentiated responses of adrenocorticotropin
(ACTH) to the second of two 10 ml/kg hemorrhages (hem) 24 h apart in the
conscious rat. Limbic structures may modulate responses of the pituitary-adrenal
(PA) system, and could play a role in potentiated PA responses. To study this, we
measured fos-immunoreactivity (Fos-LIR) in brain regions after graded and/or
repeated hem. Male Sprague-Dawley rats (350 gm) had chronic femoral arterial
and venous catheters placed. Four days later conscious rats were bled 0, 5, 10 or
20 ml/kg over 3 min. Rats were killed 30, 60 or 90 min later and the brains were
removed and frozen. Other rats had two 10 ml/kg hems 24 h apart and were killed
60 min p the second hem (10 ml/kg-H2). Fos immunostaining was done on 25 p
frozen sections by the ABC method. Fos-LIR was evaluated qualitatively and
semiquantitatively. Fos-LIR peaked 60 min after hem. No specific Fos-LIR was
seen in brains after 0 or 5 ml/kg hem. After 10 ml/kg hem, we saw moderate FosLIR in the caudal central lateral (CeL) and the medial nuclei (MeA) of the
amygdala, modest Fos-LIR in the supraoptic nucleus (SON) and no Fos-LIR in the
paraventricular nucleus (PVN). After 20 ml/kg hem or 10 ml/kg-H2, we saw
marked Fos-LIR throughout the central nucleus (CeA), SON and PVN and little
Fos-LIR in MeA. These data show: 1) graded neuronal transcriptional activation
after small hem, 2) repeated 10 ml/kg hem has a pattern of activation similar to 20
ml/kg hem, and 3) a lower threshold for hem activation of neurons in CeA & SON
than in PVN. Thus, 10 ml/kg hem in the conscious rat activates cardiovascular
neurons in amygdala, and a second 10 ml/kg hem produces more widespread
neuronal activation. These data support the idea that amygdala neurons may play a
role in potentiated PA responses to repeated hem. [Supported by NIH DK 02181]

638.7

638.8

TIME COURSE OF FOS STAINING FOLLOWING EXPOSURE TO
RESTRAINT IN CHRONIC, INTERMITTENTLY COLD STRESSED
ANIMALS. S. Bhatnagar* and M.F. Dallman, Dept. of Physiology,
UCSF, San Francisco, CA 94143-0444.
Exposure of chronically stressed animals to a novel stressor results in
similar or enhanced hypothalamic-pituitary-adrenal (HPA) responses
to those in control animals despite the persistent negative feedback
signal due to the chronic stress. It has been suggested that prior chronic
stress produces a facilitatory trace that balances or overcomes the
negative feedback effects of chronic stress, although the
neuroanatomical sites subserving this facilitation are not yet known.
We have shown that animals exposed to chronic, intermittent cold stress
(4 h a day at 4C; CHR) exhibit enhanced HPA responses to a 30 min
period of restraint compared to undisturbed controls (CTL). In the
present study, we sought to determine the sites that may underlie this
chronic stress-induced facilitation by immunohistochemistry for the fos
protein. CHR and CTL animals were perfused under basal conditions, at
15 and 30 min during the 30 min period of restraint and at 30 and 60 min
following termination of restraint. Preliminary data indicate that fos
staining peaked in the paraventricular nucleus of the hypothalamus at
30 min post-restraint for both CTL and CHR animals, with no differences
between groups in number of fos-stained cells at any time examined.
Present data also indicate that staining in the arcuate nucleus is lower in
CHR than in CTL animals at 30 min. Ongoing work is examining fos
staining in other areas of the hypothalamus and brainstem with the
goal of characterizing the neuroanatomical sites that may underlie
chronic stress-induced facilitation of HPA responses to a novel stressor.

SEXUALLY
DIMORPHIC
MK801-INDUCED
FOS-LIKE
IMMUNOREACTIVITY (FLI) IN THE PVN OF THE RAT. N. Wintrip. D.M.
Nance. and M. Wilkinson* Depts. of Obst. and Gynaecol.. Physiol. and
Biophys.. and Anatomy and Neurobiology. Dalhousie U.. Halifax. N.S.. and
Dept. of Pathology. U. of Manitoba. Winnipeg. Canada.
The non-competitive NMDA receptor antagonist MK801. is reported to
activate the c-fos gene in various regions of the rat brain (Lee et al; Mol.
Brain Res.. 24:192). Also. the behavioural effects of NMDA appear to be
sexually dimorphic (Honack and Loscher; Brain Res.. 620:167). We have
examined induction of FLI in the PVN of male and female Sprague-Dawley
rats 2h following s.c. injection of MK801 (0.1 or 1.0 mg/Kg b.w.; Fos
antibody: Cambridge Res. Biochem.) using computer assisted image
analysis. This approach has enabled us to identify subtle differences in
the effects of MK801 which are difficult to detect by sequential
examination of tissue sections.
Dose-dependent behavioural anomalies were seen in all MK801injected rats with females exhibiting more pronounced disturbances at
both high (1 mg/Kg) and low (0.1 mg/Kg) doses. Elevated levels of FLI
were seen in the PVN of all MK801-treated rats compared to salineinjected controls. In general. high-dose (HD) MK801 induced higher
levels of FLI in the PVN of adult male rats compared to like-treated cycling
or lactating females (m.>fem.>lac.). Levels of FLI in the PVN of HD
MK801-treated male and female 14 day old rats were similar and
resembled those seen in adult males. In contrast. low dose (LD) MK801
induced more FLI in the PVN of cycling females compared to adult males.
Gonadectomy did not affect the FLI response to LD MK801 in females but
did increase levels in males. In adult female rats androgenized by
testosterone (T) on postnatal day 2. levels of both HD and LD MK801induced FLI in the PVN resembled those seen in like-treated adult males.
These results suggest that the observed c-fos response to MK801 is Tdependent. Supported by Can. MRC.

638.9

638.10

EFFECT OF DURATION OF.ADRENALECTOMY AND LIPOPOLY-SACCHARIDE
ON C-FOS EXPRESSION IN THE PARAVENTRICULAR AND SUPRAOPTIC
NUCLEI. AA Gerall*. S.B. Martin-Schild. and R.L. Chan. Dept. of Psychology,
Tulane University. New Orleans, LA 70118.
Adrenalectomy (ADX) has been shown to enhance neuronal activity in the
paraventricular nucleus of the hypothalamus (PVN) as measured by expression
of c-fos-like protein (CFI) and CRH mRNA. Explored in the present study. were
the influences of ADX duration and a pathogenic challenge on PVN and
supraoptic nucleus (SON) expression of CFI.
Twenty-five intact or ADX Sprague-Dawley male rats were injected with either
phosphate buffered saline (PBS) or 0.13 mg/kg bw lipopolysaccharide (LPS) 2 hr
before perfusion. Experimental variables were: ADX duration. short term (<14
days) or long term (>21 days); and pre-perfusion challenge, control (PBS) or
pathogen (LPS). Immunocytochemistry was performed using c-fos antiserum
(Cambridge Biochem. Inc.) and solutions obtained from Vectastain Elite Sheep
Kit. Immunoreactive products were counted using an computer-image analyzer.
Results confirm short term ADX non-challenged animals have significantly more
CFI-ir in PVN neurons than intact animals. However. extending the duration of
ADX before perfusion significantly diminished PVN CFI-ir. ADX resulted in more
than 2x the CFI-ir in both the PVN and SON than in intact animals exposed to
LPS. The main factors. ADX and LPS appear to be additive. LPS elicited a
greater effect on neuronal activity in the PVN in long term ADX (14x) than short
term ADX (3x). The difference was primarily due to increased baseline levels of
CFI-ir within the parvocellular PVN of short term ADX PBS animate. which was 7x
greater than that of long term ADX PBS animals. The duration of ADX had no
influence over CFI-ir in the SON. Adjustment over time to ADX might result from a
change in c-fos expression in parvocellular neurons but more likely is due to
modifications in glucocorticoid receptor dynamics in CRH neurons or those
regulating CRH neurons.
Supported by Department of Defense Grant DOD93DNA-2.
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CHRONIC CENTRAL ADMINISTRATION OF NEUROTENSIN: EFFECTS ON
HYPOTHALAMIC-PITUITARY-ADRENAL ACTIVITY AND BEHAVIOR.
Wayne B. Rowe1*, U.K. Hanisch2, Shakri Sharma1, Michael J. Meaney1 and R6mi
Ouirion1 }Dept. of Psychiatry and NeurologylNeurosurgery, Douglas Hospital
Research Center, McGill University, Montreal, Canada, H4H1R3, 2Max-DelbruckCentrum, Robert-Rdssle-Strasse 10,13125 Berlin-Buch, Germany.
Neuroendocrine studies suggest an important neuromodulatory role of neurotensin
(NT) on hypothalamic-pituitary-adrencortical (HPA) function. NT produces
significant increases in plasma ACTH and corticosterone (B) levels as early as 15
mm following an acute central injection (1 pmol), and levels remain elevated for up
to 4 hrs (Rowe et al., J. Neuroendo., 1995, 7:109-117). We examined the HPA and
behavioral effects of continous central NT infusion (1 pmol/hour for 14 days; via
Alzet minipumps) into the lateral ventricle of male, 3 month old Long-Evans rats.
Significant increases (p < 0.05) in basal HPA activity occurred during the dark phase
of the diurnal cycle in the NT-treated animals compared to saline controls. At the end
of the 14 day NT-infusion period, mineralocorticoid (MR) and glucocorticoid (GR)
receptor levels were assessed in several brain areas. No differences in MR binding
capacity were noted in hypothalamus, pituitary or hippocampus. A significant
reduction (p < 0.05) in GR binding occurred in the hippocampus of chronic, NTtreated animals. NT- and saline-tneOef rats exhibited comparable ACTH and B levels
during a 20-min immobilization stress; however, following termination of the
stressor, plasma ACTH and B levels were significantly (p < 0.05) higher in the NTtreated group. This increase in HPA activity following stress may be associated with
an impairment in HPA negative-feedback inhibition in the NT-treated animals.
Taken together, these findings suggest that chronic NT treatment functions as a
chronic stressor, elevating basal HPA activity, decreasing GR binding as well as
altering negative-feedback and HPA responses to acute stressors. A significant
decrease (p < 0.05) in mean locomotor activity was also noted in the chronicallytreated NT animals following exposure to a novel environment This, decrease was
restricted only to the first day of testing. As one of the behavioral charactistics of
HPA hyperactivity is an increase in ' reactivity towards novelty (Stenzel-Poore et al.,
1994, J. Neurosci., 1994, 14: 2579-2584) it is possible that a NT-induced increase
in HPA activity may in part be related to the behavioral response to novelty seen in
these animals. Supported by MRC and FCAR.
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DEVELOPMENTAL SHIFT IN ADRENERGIC RECEPTOR TYPE MEDIATING
CATECHOLAMINE EFFECTS ON STRESS-INDUCED ACTH SECRETION IN
THE RAT. C.-D. Walker*. D. Lavallee. McGill University, Douglas Hospital
Research Center, Montr al, Canada.
During the first 2 weeks of life, rats exhibit low basal and stressinduced corticosterone (B) secretion and blunted adrenal sensitivity to ACTH.
Maternal separation for 24h (SEP) increases basal adrenocortical activity,
potentiates stress responses and most likely results in sympathetic activation.
However, how increased catecholamine secretion following SEP could
participate in the enhanced ACTH secretion is unknown. Before testing the
effects of adrenergic blockade on ACTH secretion following SEP, we first used
a 3min exposure to ether as an acute stressor known to stimulate
catecholamine release. The effects of propranolol (3mg/kg,ip,-60min), prazosin
(0.4, 2 mg/kg,ip,-60min) or idazoxan (1, 5 mg/kg,ip,-30min) pretreatment on

e

basal and ether-induced ACTH and B secretion were determined in 9-10 daysold (d) and in 22-23d intact neonates. Saline pretreatment was used as a
control. Blood samples were collected at 0, 5, and 30min after the onset of
ether stress. Both prazosin and idazoxan increased basal and stimulated ACTH
and B secretion at the highest doses in 10d neonates compared to salinetreated controls. Propranolol had no effect on ACTH or B release. In contrast,
in 22d neonates, propranolol and prazosin decreased stress-induced ACTH
secretion in an adult-like fashion while idazoxan tended to increase basal
ACTH secretion. These results suggest that the control of neonatal ACTH
secretion by alpha 1-adrenergic receptors shifts from being inhibitory to mainly
stimulatory with age. Alternatively, age-related changes in the distribution of
hypothalamic adrenergic receptor types or efficacy of coupling to second
messengers might dictate different effects on ACTH secretion in early neonatal
life. We are now determining whether changes in central catecholamine
release and/or alpha 1-adrenergic receptors would affect the control of ACTH
release following SEP in neonates . (Funded by NSERC and FCAR of Canada).

638.13

DISSOCIATION BETWEEN HORMONAL AND BEHAVIORAL STRESS
RESPONSES TO THE FORCED SWIM TEST IN LACTATING RATS. D.
LavaH6e, G. Trottier. J. Rochford. P. Boksa*. C.-D. Walker. McGill University,
Douglas Hospital Research Center, Montreal, Canada.
Lactation in the rat is associated with elevated corticosterone (B)
release and blunted adrenocortical responses to stress. Because B secretion in
the forced swim test (FST) at the time of the first swim (15min) is thought to
facilitate immobility retention in a second session (5 min) 24h later, we
determined whether lactating females would exhibit changes in immobility
related to the magnitude of their basal and stress-induced ACTH and B
secretion. Females in early (EL, d8-10) or late (LL, d17-19) lactation were
compared to virgins or male rats for their acquisition and retention of
immobility as well as for their ACTH and B responses to the FST. Intact
lactating and virgin females were compared to their adrenalectomized (ADX, 5
days) or ovariectomized (OVX, 10 days) counterparts. Although ACTH and B
responses to stress were similar in males and virgin females, immobility scores
were greater in males than in virgins on both days of testing. Immobility
retention occured in young males, but was not observed in any of the female
groups, lactating or not. In contrast, basal B secretion was elevated in lactating
females (EL>LL>V), the magnitude of the ACTH response was blunted in intact
and ADX lactating females compared to virgins (V>EL>LL), but no differences
in immobility scores were observed as a function of lactation. In OVX females
(V or EL) immobility was decreased and basal ACTH and B was slightly
reduced compared to intact rats. We conclude that: 1) dissociation between
endocrine and behavioral responses occur as a function of sex and lactational
status, questioning the facilitatory effect of B on immobility retention and 2)
blunted stress responses in lactating females are not caused by increased
basal B and thus enhanced inhibitory feedback on the adrenocortical system
since they are still observed in ADX females. (Funded by MRC Canada).

638.14

WITHDRAWN

DIFFERENTIAL PROCESSING OF THE NEURO-ENDOCRINE
PROTEIN "VGF" IN MAMMALIAN HYPOPHYSIS. G-L.
Ferri*, R.M. Gaudio, I.F. Castello, A. Rinaldi#,
A. Levi#, P. Berger", R. Possenti# Univ. Dept.
Cytomorphology, Cagliari & Oasi IRCCS, Troina,
#CNR Inst. Neurobiology, Rome, Italy; “Inst.
Biomed. Aging, Acad. Sciences, Innsbruck:, A.
The neuro-endocrine protein "VGF" contains
multiple potential cleavage sites and a
cleavage-amidation site. Antisera to five VGF
domains, plus the putative amidated sequence
(*NH2) were used in immunocytochemistry and
Western blot. In Guinea-pig, bovine, pig and
human (n=8-15/species) all sera stained anterior
pituitary endocrine cells. As in rat:, immunoreactivity for the VGF domains was mainly found
in lactotropes and/or gonadotropes, though
incomplete overlap and inter-species differences
were seen. Large, intermediate and small
molecular weight forms were found in Western
blot with most sera, while *NH2-immunoreactivity
was restricted to intermediate-small forms. In
rat, no reactivity was found for the *NH2~serum,
in either immunocytochemistry or Western blot:.
Thus, C-terminally amidated VGF fragments
would be produced in a number of mammals. As for
many regulatory peptides, C-terminal amidation
may suggest biological significance of such VGF
gene products.

638.15

638.16

HIGHLY SENSITIVE BRAINSTEM SITES FOR GLUCOPRIVIC
STIMULATION OF THE ADRENAL MEDULLA. S. Ritter* and T.T.
Dinh. Dept of VCAPP, Washington State University, Pullman, WA
99164-6520 USA.
Glucoreceptors controlling adrenal medullary secretion are known to
be centrally located since administration of glucoprivic agents directly
into the brain elicits a sympathoadrenal response.
In addition,
systemic glucoprivation elicits sympathoadrenal response in
decerebrate rats, indicating that glucoreceptors are located in the
hindbrain. The present study mapped the hindbrain between the
facial nerve and obex of rats (n=70) for glucoreceptive sites. The
antimetabolic glucose analogue, 5-thtoglucose (5TG, 12-24 ug in 100200 nl) and 0.9% saline were injected through small diameter
cannulas. Blood was collected at 8 intervals during a 195 min period
beginning 15 before the injection. At positive sites, blood glucose
began to rise with short latency and peaked at about 60 min post

METYRAPONE'S EFFECTS ON CONDITIONED FEAR'S
ENHANCEMENT OF MORPHINE ANALGESIA IN FEMALE
SPRAGUE-DAWLEY rats . H.S. Stock*. B.J. Caldarone. G.C.
Abrahamsen. D.L. Mongeluzi. & R.A. Rosellini. Dept. of
Psychology, University at Albany: SUNY, Albany, NY 12222.
A number of studies have reported that both the immediate and proactive
effects of exposure to a shock stressor are less pronounced in female than in
male rats. A separate area of research has demonstrated that female rats ar£
less reactive to the analgesic effects of morphine than males. Experiments
from our laboratory, as well as others, have found that exposure to a context
associated with shock (i.e., conditioned fear context), at the time of morphine
administration, enhances the analgesic effects of morphine. We have recently
demonstrated that female rats show less pronounced conditioned fear-induced
enhancement of morphine analgesia than male rats. The purpose of the
present experiment was to begin to elucidate some of the hormonal
mechanisms that may mediate this previously observed sex difference. In the
present experiment female rats were injected with 75mg/kg of metyrapone, a
corticosterone synthesis inhibitor. This dose has been demonstrated to
suppress a female's stress-induced corticosterone levels to that of males. Three
hours after injection the females were tested for enhancement of morphine
analgesia during re-exposure to the conditioned fear context. The results
demonstrated that females that were exposed to the conditioned fear context
and pre-treated with metyrapone had higher morphine-induced analgesia than
the control groups. The finding from this experiment suggests that
corticosterone may play a role in mediating a female's response to conditioned
fear-induced enhancement of morphine analgesia.

injection. Positive sites were found to be closely associated with
catecholamine (CA) cell groups, especially A1/C1 and C2, where 24
ug of 5TG raised glucose levels from 92 to 240 mg/dl. Surrounding
sites, including ventricular sites, were less positive or negative.
These hindbrain CA neurons may be involved in the adrenal
medullary hyperglycemic response, since they express Fos-like
immunoreactivity in response to glucoprivation and those of A1/C1
directly innervate adrenal medullary preganglionic neurons. However,
additional experiments will be required to determine whether A1/C1
and C2 neurons are themselves glucoreceptive or whether other
neurons in close proximity to these CA neurons are the putative
glucoreceptor cells.
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639.1

639.2

DEPRENYL INHIBITS THE DEVELOPMENT OF MAMMARY TUMORS IN
RATS. S. ThvagaRgjan*. S. Y. Felten and D. L. Felten. Dept. of Neurobiol. & Anat.,
Univ. of Rochester, Rochester, NY 14642.
Deprenyl, an irreversible monoamine oxidase-B (MAO-B) inhibitor, has
been reported to decrease the incidence of spontaneous mammary tumors in old
female rats by suppressing the metabolism of dopamine in the hypothalamus.
Further, numerous studies have shown that deprenyl has a neuroprotective function
independent of its MAO-B inhibitory activity. The purpose of this study was to
investigate whether deprenyl can exert a neuroprotective effect in rats with
dimethylbenzanthracene (DMBA)-induced mammary tumors. Female SpragueDawley rats (28-29 days old) were injected i.p. with 0.25 mg/kg or 2.5 mg/kg of
deprenyl (Dep) or the vehicle (saline) daily for 4 weeks before the administration of
DMBA. Following the administration of DMBA, the rats were treated with saline or
deprenyl daily for 26 weeks . Below are the results of tumor number and body weight
measurement at the end of the treatment period.
Number of tumors/rat Incidence of tumors Body weight (gms)
425±12
87%
Saline/Saline
2.8±0.3
409±14
2.4±0.2
53%
Dep 0.25/Saline
396±11
53%
2.4±0.3
Dep 2.5/Saline
431115
67%
2.3±0.5
Saline/Dep 0.25
434±17
1.7±0.2
60%
Dep 0.25/Dep 2.5
396±10
40%
Saline/Dep 2.5
1.^d0).3
399±7
1.4±0.2
33%
Dep 2.5/Dep 2.5
These results demonstrate that treatment with 0.25 mg and 2.5 mg of deprenyl preand post-administration of DMBA, and with 2.5 mg of deprenyl following the
administration of DMBA causes inhibition of mammary tumor development in rats
possibly by maintaining the activity of the tuberoinfundibular dopaminergic system in
the hypothalamus.

TUMORS SECRETING PLACENTAL LACTOGEN-I (PL-I) OR HYPOTHALAMIC
IMPLANTS OF LACTOGENIC HORMONES INHIBIT SUCKLING-INDUCED
PROLACTIN BUT NOT THE ANTE-PARTUM PROLACTIN SURGE. R.J, Flietstra and
J.L. Vooqt*. Physiology Dept., Univ. of Kansas Med. Ctr., Kansas City, KS 66103.
Prolactin (PRL) secretion is inhibited by dopamine (DA) released from
tuberoinfundibular dopaminergic (TIDA) neurons of the hypothalamus. High PRL
levels stimulate TIDA neurons, inhibiting further PRL release. Other lactogenic
hormones, specifically placental lactogens (PLs), can participate in this negative
feedback loop. High circulating levels of PLs at midpregnancy terminate the twice
daily PRL surges in female rats. In the dark period preceding parturition, however, an
ante-partum PRL surge occurs despite continuously high levels of PL.
Intrahypothalamic pituitary grafts also had no effect on this surge (Br. Res. Bul.
36:413, 1995). The aim of this study was to examine if the lactogenic hormone
negative feedback loop is operational during the ante-partum surge. Sprague-Dawley
rats were mated and received media or 1x106 Rcho-1 (PL-I secreting) or HRP-1 cells
(nonsecretors of lactogens) under the kidney capsule on the 10th day of pregnancy.
Other pregnant rats received a hypothalamic implant of 25gg of albumin, ovine PRL or
rat PL-I on day 19 or 20 of pregnancy. Serial blood samples were taken via carotid
cannula from all rats. Two to 3 days following parturition, pups were removed for 4-6
hours, returned, and trunk blood samples taken after 1 hr suckling. Rcho-bearing rats
(peak PRL level, 131 ng/ml) did not have a significantly reduced ante-partum PRL
surge as compared to HRP-bearing (peak PRL level, 107 ng/ml). Yet suckling-induced
PRL release was reduced by 86% in the Rcho-bearing dams as compared to the
control dams (p<.05). Similarly, ante-partum PRL release was not reduced in rats
given hypothalamic PRL (peak PRL level, 82 ng/ml) or PL-I (peak PRL level, 125
ng/ml) as compared to albumin-implanted dams (peak PRL level, 92ng/ml). However,
suckling-induced PRL release was reduced more than 89% in .both groups as
compared to control rats (p<.05). This suggests that the lactogenic hormone negative
feedback loop which is present during most of pregnancy and early lactation, is not
operational just prior to parturition. Supported by NIH Grant HD 24190.
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CHEMOTHERAPEUTIC EFFICACY: INFLUENCE OF
PSYCHOSOCIAL FACTORS ON THE RESPONSE OF A
MOUSE MAMMARY CARCINOMA (SC115). L.R. Kerr.
M.S. Grimm. W.A. Silva. T. P. O'Connor*. J.T. Emerman. J.
Weinberg. Dept. of Anatomy, University of British Columbia,
Vancouver, B.C., V6T 1Z3, Canada.

PROLONGED TREATMENT OF PERTUSSIS TOXIN AFFECTS
MORPHINE’S ACTION ON TIDA NEURON ACTIVITY AND
PROLACTIN SECRETION. J.T. Pan’andJ.Y. Lin. Dept. Physiol.,
Natl. Yang-Ming Univ., Taipei, Taiwan, R.O.C.
The effects of pertussis toxin (PTX) pretreatment on basal and
morphine-affected changes of tuberoinfundibular dopaminergic
(TIDA) neuron activity and serum prolactin level in ovariectomized
Sprague-Dawley rats treated with a long-acting estrogen (polyestradiol
phosphate, 0.1 mg/rat, sc) were assessed in the study. The activity of
TIDA neurons was determined by measuring the turnover rate of
dopamine, the concentrations of DOPAC or the accumulation of
d Op A in the median eminence. Acute (30-90 min) treatment of PTX

In the present study, we demonstrated that psychosocial factors
significantly altered the response of the transplantable androgen
responsive Shionogi mouse mammary carcinoma (SCI 15) to
adriamycin (AD) and cyclophosphamide (CY). Male DD/S mice were

either reared individually then group housed (IG), or reared group
housed and then singly housed (GI) following tumor cell or vehicle
injection. Chemotherapy or drug vehicle injections (3 times at 7 day
intervals) were started when tumors reached 1 g. To monitor the toxic
effects of chemotherapy, control mice bearing no tumors (NTC) also
received 3 chemotherapy treatments beginning 16 days following
tumor vehicle injection.
Survival probability was significantly
increased in mice in IG (47%) compared to GI (19%) groups due to
greater inhibition of tumor growth. The number of deaths due to the
toxicity of chemotherapy was similar between groups. This animal
tumor model should aid in elucidating mechanisms that may govern the
responsiveness of tumors to chemotherapy and the variability of
chemotherapeutic efficacy in human cancer patients.
Supported by the Medical Research Council of Canada, and a
University Graduate Fellowship from UBC.

(0.025-2.5 gg/rat, icv) had no significant effect on any of the
parameters measured. Prolonged (24 h) treatment of PTX (1 gg/rat,
icv), while had no effect on basal TIDA neuron activity either,
significantly reduced morphine’s (10 mg/kg BW, sc) inhibitory effect
on TIDA neuron activity (using DOPA, but not DOPAC as the
index), and stimulatory effect on PRL release. The dopamine levels
in the median eminence, however, were significantly reduced by
prolonged treatment of PTX, indicating a reduction of TIDA neurons.
These results suggest that PTX-sensitive GTP-binding proteins may
be responsible for the maintenance of TIDA neurons, and for
mediation of the inhibitory effect of morphine on TIDA neuron
activity, and in turn, the stimulation of prolactin secretion.
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Ontogeny
of adrenal
nitric oxide synthase
activity
and response
to endotoxin
.
J.R. Tobin* and L.C. Moore. Department of Anesthesia, Bowman Gray School of
Medicine of Wake Forest University, Winston-Salem, NC 27157-1009
Nitric oxide (NO) acts as an inhibitory neurotransmitter in the autonomic nervous system and
has been isolated in the adrenal medulla and cortex. In the adrenal cortex NO inhibits steroid
secretion. Developmental differences in sympathoadrenal responses to stress and endotoxemia
have been clinically noted with early fatigue in juveniles. We examined the ontogeny of nitric
oxide synthase (NOS) activity in rat adrenal, the adrenal NOS response to endotoxin, and effect
of treatment with systemic dexamethasone.
Wistar Kyoto rats of four age groups were studied (<48 hrs, 2, 4, and 12 wks of age
[n=8/group]). Animals were anesthetized with pentobarbital ip and adrenals were harvested,
homogenized and centrifuged (10000*g for 15 min at 4°C). In a second experiment, endotoxin
(1 mg/kg ip) or saline was administered to 4 and 12 week old rats (n=8/group) 4 hr prior to
harvest. A third cohort (n=8/group) of 8 week old rats received saline or dexamethasone (0.2
or 2.0 mg/kg ip daily) for 1 week. NOS activity was assayed in supernatant cytosolic fractions
by conversion of [14C]-arginine to f4 C]-citrulline. Data were analyzed by ANOVA or the
Kruskal-Wallis test with p<0.05 considered significant (*).
NOS activity in adrenals is greatest in newborn rat pups and declines with age (<48 hr.
9.04±1.51, 2 wk: 7.39±0.8, 4 wk: 5.68±0.48*, 12 wk 3.98±0.50* pmol/mg prot/min [mean
±S.E.]). The 12 week group was statistically different than all other age groups. Endotoxin
elicits an increase in NOS activity in 4 week old rats: 22.1 ±4.3* vs saline control 6.0+0.5, but
no increase in 12 week old rats: 3.89±0.62 vs saline 2.98+0.3 pmol/mg prot/min. Western
blotting demonstrated increased expression of NOS protein. Dexamethasone causes a dosedependent decrease in adrenal NOS : saline 4.37+0.5, 0.2 mg/kg 3.21 ±0.53, 2.0 mg/kg
1.95+0.28* pmol/mg prot/min.

NITRIC OXIDE SYNTHASE SUBTYPE I AND SUBTYPE EH IN THE
PINEAL
GLAND
OF
THE
SHEEP:
AN
EXPERIMENTAL
IMMUNOHISTOCHEMICAL STUDY. M.O. LOPEZ-FIGUEROAT J.P.
RAVAULT*, B. COZZI*AND M. M0LLER1 1 Institute of Medical Anatomy,

Age related differences in sympathoadrenal responses to stress are correlated with
developmental differences in adrenal NOS expression. As NO appears to act as an inhibitory
neurotransmitter in the adrenal, age related differences in NOS expression may partially explain
juvenile sympathoadrenal fatigue during stress and endotoxemia. Dexamethasone elicits dose
dependent adrenal atrophy and decreased adrenal NOS.
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University of Copenhagen, DK-2200 Copenhagen, Denmark;
2 Institute of
Anatomy of Domestic Animals, University of Milan, 1-20133 Milan, Italy; 3
Institute of Comparative Physiology, University of Tours, F-37200 Tours, France.
By use of immunohistochemistry, nerve fibres immunoreactive to subtype I
(neuronal) of the enzyme nitric oxide synthase (NOS) were demonstrated in the
pineal gland of sheep. The NOS-immunoreactive fibres were located in the pineal
capsule and the connective tissue septae of the gland, but nerve fibres were also
present adjacent to blood vessels and intraparenchymally between the pinealocytes.
By use of an antibody directed against subtype III (endothelial), only the

endothelium of pineal blood vessels was stained. The pinealocytes of the sheep were
not stained neither by the antibody against subtype I nor subtype III.
In order to trace the origin of the NOS-immunoreactive nerve fibres, a series of
sheep had both superior cervical ganglia removed. NOS nerve fibres were still
present in the gland one month after the ganglionectomy. Also the endothelial
NOS-immunoreactivity was present one month after the bilateral superior cervical
ganglionectomy.
Thus, our data show a prominent innervation of the sheep pineal gland with
nitric oxide synthase immunoreactive fibres with origin outside the sympathetic
nervous system. This indicates that the sheep pinealocyte metabolism and the
regulation of the circulation might be influenced by nitric oxide originating both in
non-sympathetic nerve fibres as well as by nitric oxide with origin in the
endothelium of the blood vessels. The nitric oxide, located presynaptic in the nerve
fibres, might also regulate release of neuropeptides located in the same fibres.
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THE USE OF THE NEUROTROPIC VIRUS PSEUDORABIES TO
DEMONSTRATE CNS PATHWAYS TO THE RAT FOOTPAD - AN
EXTENDED VIEW OF THE ATONOM1C NEURAXIS . B.J. Oldfield* and R.
Miselis+ . Howard Florey • Institute, University of Melbourne, Australia 3052 and
University of Philadelphia, PA 19104+
The innervation of the footpad has been utilised recently as a model for the
chemical coding of defined autonomic pathways. The aim of this study is to use
the transynaptic transfer of psuedorabies virus (PRV) to map the distribution of
chains of connected neurons directed to sudomotor and vasomotor endpoints in
the footpad . Thirty four male Sprague Dawley rats were anaesthetised with
sodium pentobarbitone (60 mg/kg i.p.) and 0.5 -il of a solution containing PRV
was injected into several sites in the left forepaw. After survival periods ranging
between 24 and 1(X) hours, rats were reanaesthetised and perfused transcardially
with 4% paraformaldehyde. Frozen sections were exposed to antisera raised
against PRV as well as tyrosine hydroxylase (TH) and a range of peptides .
Infected neurons were first detected in the ipsilateral stellate ganglion 40 hrs.
after inocculation. Infected neurons included populations, which were THpositive and TH-negative (cholinergic, approx 30%). Over the next 50 hrs.
infected neurons were found first in the sympathetic preganglionic cell groups of
the upper thoracic spinal cord then coincidentally in the rostroventrolateral
medulla and parvocellular paraventricular nucleus (PVN) . Up to 50% of the
neurons in the medulla were catecholaminergic whereas infected neurons in the
PVN were not vasopressin positive and less than 1% were colocalised with
oxytocin. Subsequently neurons were infected in the lamina terminalis. bed
nucleus of the stria terminalis and preoptic area.
Despite a general
codistribution of the latter neurons with neurons containing atrial natriuretic
peptide (ANP) none were found to the ANP-positive. These results demonstrate
discrete populations of neurons that are directed to the footpad and provide the
basis for neurochemical coding of these pathways.
This work was supported by grants from the NHMRC, Australia

INFLUENCE OF SYMPATHETIC DENERVATION OF THE
EYE ON OUTFLOW OF THE INTRAOCULAR FLUID.
M.LRasumovskij*, N.V.Balashov. A.R.Grigorian. Institute
of Occupational Guidance, Lab. of Vision Physiology,
195067, St.Petersburg, Russia.
In experiments on anaesthetized cats the effects of
sympathetic denervation of the eye on the outflow of the
intraocular fluid, which is one of the main factors of the
level of intraocular pressure, have been investigated. The
accuracy of the eye sympathetic denervation
was
controlled morphologically and
by the level of
adrenaline in the iris and cyliary body. The results clearly
demonstrate that the level of the background outflow of
the intraocular fluid was practically the same both in
control and sympathectomized groups of animals. When
the intraocular pressure was rised step by step the sharp
increasing of the outflow of intraocular fluid in
denervated eye was observed. At the same time the visible
decreasing of noradrenaline in eye tissue was marked.
These findings suggested that postganglionic sympathetic
fibres exert direct regulatory action on the eye vasomotor
tones and drainage apparatus and any disturbances in this
system can lead to loss adaptive functions supporting
intraocular pressure on normal level.
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PROADRENOMEDULLIN N-TERMINAL 20 PEPTIDE (PAMP)
REDUCES NICOTINE-INDUCED CURRENTS IN BOVINE
ADRENAL CHROMAFFIN CELLS.
I. Shibuya, T. Nagatomo, N.
Kabashima, Y. Ueta, Y. Toyohira,1 Y. Uezono? N. Yanagihara,1 A.
Wada/ F.T.umi1 & H. Yamashita* Depts. of Physiol. and Pharm.J

INNERVATI ON PATTERN OF SYMPATHETIC
PREGANGLION IC NEURONS PROJECTING TO SUPERIOR
K. Asamoto*. N.
CERVICAL AND STELLATE GANGLIA.
Tamamak i and Y. No.ivo . , Dept. of Anatomy, Fukui
Medical Scho l, Matsuoka, Fukui 910-11, Japan.
Anterogra e label ing technique with PHA-L was
bserve the arborization pattern of
employed to
a single pre anglionic axon in the superior
cervical gan lion (SCG) and stellate ganglion
(STG) of rat . We drew three pregangl ionic axons
nd STG in their full
length. In
in both SCG
m
SCG, the lab led axon extended for 600-700
m in the
in the rost r caudal and about 200
transverse d rection. Terminal twigs of each
axon surrounded 11, 14 and 11
pregang I ioni
postgangI ion c neurons, respectively. In STG,
axonal arborization was 400-800
the extent o
m in the
m in the r strocaudal and 400
transverse d rection. These axons surrounded at
and
20
postgangl
ionic
neurons,
least 21, 19
We also observed the segmental
relat i onship between upper thoracic spinal cord
and cervical symppthetic ganglion detecting cfos I ike pro ein in postgangl ion.ic neurons after
electrical s imulation of ventral roots at each
spinal segme t. We could observe clear segmental
relationship between spinal cord and STG, but
not between
pinal cord and SCG.

Univ. of Occup. and Environ. Health, Kitakyushu 807, Japan and
Dept. of Pharm.,2 Miyazaki Medical collage, Miyazaki, 880, Japan
Proadrenomedullin N-terminal 20 peptide (PAMP), a novel peptide
processed from the adrenomedullin precurser, is co-secreted from adrenal
medulla with adrenomedullin as well as catecholamines. Both PAMP
and adrenomedullin were shown to have hypotensive effects (FEBS
Lett. 351, 1994). Recently, it has been reported that PAMP reduces
catecholamine secretion induced by the nicotinic receptor stimulation
(J. Neuroehem., 64, 1995). To elucidate the anticholinergic mechanisms
of PAMP, we recorded nicotine-induced currents from bovine adrenal
chromaffin cells and analyzed the effects of PAMP on the currents By
using the whole-cell patch-clamp technique. PAMP alone (l06 - -O'9
M) did not induce ionic currents at a holding potential of -80 mV,
however, it dose-dependently reduced inward currents induced by
nicotine (Nic, 105 M). The inhibition remained for about 10 min after
washout of PAMP. When applied during Nic stimulation, PAMP
accelerated the desensitization process. These results suggest that PAMP
inhibits nicotinic currents by increasing the rate of desensitization and
that PAMP may play a role as an anti-hypertensive hormone by inhibiting
catecholamine secretion via autocrine and/or paracrine.
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EFFECT OF PARATHYROID HORMONE AND CALCITONIN ON
CHOLINERGIC NEUROTRANSMISSION IN RAT PARATHRYOID
GLANDS DR.Cardinali*. J.E.Stem. Depto. de Fisiologia, Facultad de
Medicina, Universidad de Buenos Aires, Buenos Aires, Argentina.
We have shown in previous studies that the activity of sympathetic and
parasympathetic nerves in the cervical region affect parathyroid hormone
(PTH) and calcitonin secretion. Additionally, cholinergic neurotransmission in
superior cervical ganglion (a site of origin of the sympathetic innervation to
the thyroid-parathyroid territory) was significantly modified by calciotropic
hormones. To further substantiate the hypothesis of the existence of a feedback
loop in neural regulation of calcium homeostatic hormones, the effect of PTH
and calcitonin on ^H-choline uptake and on ^H-acetylcholine synthesis by rat

SYMPATHETIC STIMULATION ACCELERATES WOUND HEALING
AT THE EPIDERMAL AND DERMAL LEVELS OF SKIN L.R, Kim and
B.H. Pomeranz* Departments of Physiology and Zoology, University of
Toronto, Toronto, ON, Canada M5S 1A1
Neurogenic inflammation is mediated by umnyelinated sensory afferents and
sympathetic efferents. Although inflammation is the initial stage of wound
healing, the role of nerves in wound healing is not well-established. In a recent
study we demonstrated that sympathetic post-ganglionic neurons (SPGNs) were
necessary for normal rates of cutaneous wound healing since sympathetic
denervation significantly attenuated the rate of wound healing.
The present study further elucidates the role of SPGNs in cutaneous wound
healing. After stimulation of the SPGNs using 0.2mg/kg of 6hydroxydopamine (6-OHDA) applied locally during the inflammatory period,
we report' a 43% increase in breaking strength, a measure of dermal collagen
re-establishment- (p<0.05, n«.=13.nc= 10, one way ANOVA). Furthermore, a
38% increase was found in the rate of epidermal wound healing as measured by
transcutaneous electrical resistance (TER) (p<0.05, C=21, ^=18, one way
ANOVA). This new method we have developed has been histologically shown
to demonstrate the re-establishment of the ion-resistant rat epidermis. Control
animals were given the vehicle solution, 1% ascorbic acid. These results show
that chemical stimulation of SPGNs markedly accelerates skin wound healing
at both the epidermal and dermal levels. These are the first studies to show a
role for SPGNs in the regulation of wound healing. It has been suggested that
the SPGNs promote neurogenic inflammation and thus wound healing by the
secretion of NA, ATP, and the de novo synthesis of prostaglandins at the
sympathetic terminal.

parathyroid glands were examined. Choline uptake synthesis was measured by
incubating freshly dissected parathyroid glands with ^H-choline in the presence
or absence of hemicolinium-3 (a specific inhibitor of the high affinity carrier
of choline). Acetylcholine synthesis was assayed by the conversion of ^Hcholine to ^H-acetylcholine. Incubation of tissue with PTH or calcitonin
resulted in a bell-shaped, dose-dependent inhibition of ^H-choline uptake. The

effect of PTH was blunted by preincubation with NLe8-18-PTH (3-34) amide
(a specific PTH antagonist). PTH induced a dose-dependent inhibition of ^Hacetylcholine synthesis, effect also blocked by the specific peptide antagonist.
Calcitonin was effective to block ^H-acetylcholine synthesis only at a
concentration of KT^M. This results indicate that in vitro, PTH and to a less

extent calcitonin, inhibit cholinergic activity in rat parathyroid glands. In view
of the inhibitory effect that parasympathetic terminals have on PTH secretion,

this feedback mechanism could facilitate a fast release of PTH upon a
hypocalcemic challenge
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ADRENOCORTICAL SYMPATHETIC CO-CULTURES: A MODEL FOR THE
STUDY OF NEURAL-ADRENOCORTICAL INTERACTION. J.L. Buberel*.
M.A. Holzwarth, Neuroscience Program and Department of Physiology, University
of Illinois, Urbana, Illinois, 61801.
In order to study the sympatho-adrenal interactions of the adrenal cortex, we
have established co-cultures of adrenocortical and sympathetic ganglion cells.
Sympathetic neurons from sympathetic chain ganglia of 4-6 day old rat pups are
grown in supplemented DME/F12 medium and dissociated adrenocortical (AC) cells
from adult rats are added at various times. We have used immunocytochemistry (ICC)
to characterize the cell cultures and to study the relationships between the sympathetic
neurons and AC cells. The sympathetic neurons usually cluster in groups of 2-10,
and begin to extend neurites within 24 hours. Neurite length can exceed 5 mm, and
neurites often form fascicles after 4 days. These sympathetic neurons, identified by
2H3 ICC, continue to express tyrosine hydroxylase and dopamine-B-hydroxylase. A
subpopulation are also immunoreactive for VIP. We have used synaptophysin ICC
as a marker for neuronal maturation and potential for functional autonomic synapse
formation. Synaptophysin is detectable after 2 days, and forms puncta along neurites
and cell bodies after 4 days, suggesting the formation of presynaptic release sites. AC
cells are generally rounded, contain many lipid droplets, express 3-B-hydroxysteroid
dehydrogenase, and secrete steroids. The addition of AC cells to sympathetic cultures
at days 2, 7, and 14 does not appear to affect neurite extension or the expression of
2H3, dopamine-P-hydroxylase, tyrosine hydroxylase, or synaptophysin in the
sympathetic neurons. The neurites grow close to, over, and around the AC cells.
Thus, neither the presence of the AC cells nor their secreted products, appear to
inhibit the growth of the neurites from the sympathetic neurons. The close
morphological relationship attained in vitro suggests that this model is a useful tool
for the study of the sympathetic control of AC cellular functions.

PRIMARY CO-CULTURE OF CORTICOSTEROIDOGENIC AND
CHROMAFFIN CELLS FROM THE FROG INTERRENAL GLAND AS A
MODEL OF MEDULLARY CONTROL OF STEROIDOGENESIS.
S.L. Shepherd* and M.A. Holzwarth. Neuroscience Program and Department of
Physiology, University of Illinois, Urbana, IL 61801
Recent studies show that adrenocortical cell secretion is modulated by adrenal
medullary cells, and hence, indirectly by splanchnic nerve activity. We have chosen
the frog adrenal as a model to study the chromaffin cell modulation of adrenocortical
secretion because chromaffin and adrenocortical cells are interspersed. Also, the frog
chromaffin cells, like a subpopulation of their mammalian counterparts, extend
processes which might allow direct interactions between corticosteroidogenic and
chromaffin cells. To facilitate the investigation of adrenal cell interactions, we have
established and characterized primary cell co-cultures of frog adrenal cells. The
corticosteroidogenic cells have a low basal steroid secretion rate (1.4x 10 -5ng/cell/24hr
corticosterone (B), 9.7x105ng/cell/24hr aldosterone (aldo)) and respond to 1(b8M
ACTH with an increase in B (15-fold) and aldo (5.3-fold) secretion. Chromaffin cells
cultured in the presence of adrenocortical cells extend unbranched processes of 50 to
300 pm which often abut upon or overlie adrenocortical cells. The chromaffin cells
continue to express tyrosine hydroxylase, PNMT, dopamine B-hydroxylase, and
enkephalin and are also immunoreactive for NCAM and line (amphibian neural cell
marker). Techniques for demonstrating transmitter release from chromaffin cells and
adrenocortical steroidogenesis at the level of single cells are being optimized. We use
indirect immunofluorescence of dopamine B-hydroxylase, a chromaffin granule
membrane antigen, to show neurotransmitter release from chromaffin cells elicited by
10 minute stimulation with 2 mM carbamylcholine or 55 mM potassium.
Activation of adrenocortical cells following 30 minute stimulation with 2 mM
carbamylcholine or K08M ACTH is shown by Fos. These techniques will be used to
test the hypothesis that chromaffin cell activity directly modulates steroidogenesis.
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DRINKING AND BLOOD PRESSURE RESPONSES TO CENTRAL
INJECTION OF L-NAME IN CONSCIOUS RATS. H. Liu. M.L. Terrell.
J.Y. Summy-Long't. M. Kadekaro*. Division of Neurosurgery, UTMB,
Galveston, TX and fDepartment of Pharmacology, Hershey Medical Center,
Pennsylvania State University, Hershey, PA.
We studied the effect of NG-nit.ro-L-arginine methyl esther (L-NAME), a
potent blocker of nitric oxide (NO) synthase, on water intake and blood
pressure (BP) responses in conscious male albino rats during osmotic
stimulation and hemorrhage. Thirty min after injection of 1.0 M NaCl (15
ml/kg, s.c.) or 10 min after the beginning of hemorrhage (0.7 ml/min to a
20% blood volume loss), artificial cerebrospinal fluid (aCSF) or L-NAME
(10, 250 or 500ug/5pl) were injected icv. Ten min later, water was
presented to rats and its cumulative intake was measured for 2h. During
osmotic stimulation and hypovolemia, L-NAME at doses of 250 and 500pg,
but not l0pg, attenuated (p<0.05) water intake compared to the control
group. Mean arterial BP, which increased 30 min after osmotic stimulation
(p<0.05), remained at pressor levels after 250 and 500pg of L-NAME, but
decreased progressively below basal levels after treatment with aCSF and the
lowest dose of L-NAME (l0pg). Ten min after starting hemorrhage, BP fell
~ 60 mm Hg (p<0.05) in all groups but increased after hemorrhage ceased.
The fall in BP associated with hemorrhage returned to control levels after
treatment with 250 and 500pg of L-NAME but not after aCSF or l0pg of
L-NAME. These results indicate that NO is involved in the regulation of
drinking behavior and may have an important role in the central control of
BP during osmotic stimulation and hypotensive hemorrhage. (Supported by
NIH grants NSR01-23055 to MK and HDR01-25498 to JYSL.)

FLAVONES ANTAGONIZE LIPOPOLYSACCHARIDE-INDUCED

SICKNESS IN MICE. R. J. Fishkin. R. Corbett* and J. T. Winslow.
Hoechst-Roussel Pharmaceuticals, Inc.
Neuroscience PGU, Somerville, NJ 08876-1258.
Previous studies indicate that indomethacin, methylprednisolone

and an interleukin-1 receptor antagonist inhibit lipopolysaccharide
(LPS)-induced sickness behavior in rats.

In the current studies we

replicated and extended these findings in the mouse to a novel class

of anti-inflammatory drugs: flavones.

A relatively low dose of LPS

(15 pg/kg, ip) consistently induced a 50% reduction in the social
investigation of a juvenile conspecific by an adult male mouse.
Pretreatment with methylprednisolone (30 mg/kg, ip), indomethacin

(3-10 mg/kg, ip), and ibuprofen (10 mg/kg, ip), but not tenidap (1-100
mg/kg, ip) 1 hr before LPS injection completely blocked LPS-induced
sickness behavior.

Dexamethasone (0.1

mg/kg,

ip)

significantly

attenuated LPS-induced sickness behavior. The flavones L82-05971

(0.25 mg/kg, ip), L86-8276 (0.03 mg/kg, ip) and chrysin (10 mg/kg,
ip) also antagonized LPS-induced sickness.

The psycho-motor

stimulant amphetamine (2-4 mg/kg, ip) did not relieve, and actually
exacerbated LPS-induced decreases in investigation.

This model

may provide a sensitive method of identifying compounds which
selectively antagonize behavioral effects associated with interleukin

release.
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Spatial organization and representation are impaired in Cushing's disease.
H. Forget1, H. Cohen1*, M. Somma2, and A. Lacroix3. 1Laboratoire de
neuroscience de la cognition, University du Quebec, Montreal, Qc, H3C 3P8,
Canada; 2Service d'Endocnnologie, Hdpital Notre-Dame et Service
dTEndcriiwlogie, Hdpital Hdtel-Dieu, University de Momrdal, Qc, H2L 4K8,
Canada.
It is now well established that the brain is a major target for
glucocorticoid hormones and that cognition and emotion are affected by
inadequate levels of circulating hormones. The hippocampus is a crucial
structure as it is the richest in glucocorticoid-binding receptors and is thus
particularly vulnerable to glucocorticoid excess. In this study, we tested
whether an excess of glucocorticoid hormones has an effect on the
treatment of spatial organization and representation. In the animal
litterature, both location and identity of an object depend upon
hippocampal integrity. In this perspective, we compared the spatial
organization and representation (line orientation, visual organisation,
visual recognition, Block Design, Object assembly, Picture completion) of
12 patients with chronic hypercortisolemia due to Cushing'disease (CD) to
that of healthy control subjects yoked for age, sex and education (mean
age= 45.2±9.4 yrs; mean education^ 12.3±9.3 yrs). MANOVA results
showed a general impairment in spatial tasks (Pillais=.5511, F^^
3.27,p=.027) and, except for visual recognition, subsequent univariate F
tests showed group differences in all tasks (all p's < .05). These results
show that impairment in the treatment of spatial information may be
associated with elevated cortisol levels in patients with CD. It remains to
be established whether the observed deficits in the treatment of spatial
information, in CD patients, occur at a perceptual or at a
processing/treatment level

DOPAMINE MODULATION OF GABA NEUROTRANSMISSION IN
HYPOTHALAMIC ARCUATE NUCLEUS NEURONS. A.B. Belousov*
and A.N. van den Pol. Dept. Biology, Stanford Univ., Stanford, CA
94305 and Sect. Neurosurgery, Yale Univ., New Haven, CT 06520.
Dopamine (DA) neurons and their terminals are widely
distributed within the hypothalamus and DA plays an important
role in the regulation of the hypothalamic neuroendocrine
system. In our previous work, DA (30 pM) was found to decrease
glutamate neurotri^^i^i^i^^sion. This DA effect was partly due to a
decrease in the amplitude and frequency of excitatory postsynaptic potentials (EPSPs), and could also be due to a DA-mediated increase in GABAergic activity. To explore the hypothesis
that activation of GABAergic neurons might be one of the
mechanisms of DA's inhibitory effect on glutamate activity we
used whole cell patch clamp recording of neurons (n=49)
cultured from the hypothalamus or arcuate
nucleus. In current
clamped neurons (average membrane potential -60 mV), DA
application (10-200 pM) caused an increase in the frequency of
spontaneous GABA-mediated IPSPs in the majority of the tested
cells (10 of 11). In cells held at -25 mV, DA (10 pM) evoked the
appearance of inhibitory postsynaptic currents (IPSCs) in 4 of 5
cells and significantly increased the amplitude (3 of 11 cells; by
150%+) and frequency (9 of 11; 300%+) of spontaneous IPSCs.
The spontaneous and DA-evoked IPSCs were blocked by 50 pM
bicuculline, verifying their GABAergic origin. This finding
together with data showing that DA had no effect on the input
resistance suggested that the observed DA effects were at least
partly achieved through the potentiation of GABA release.
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CALCIUM REGULATION OF HYPOTHALAMIC FOS GENE
EXPRESSION FOLLOWING DEPOLARIZATION D.M. Witt*

and H. Gainer. Lab. of Neurochemistry, NINDS, NIH Bethesda, MD
20892.
The complexities of the in vivo environment in the brain make it difficult to
determine the signal transduction mechanisms involved in stimulus-coupled
neuropeptide gene expression. Therefore, we have developed an in vitro
slice explant model for examining the effects of neurotransmitter I
neurosteroid stimulation of neurons in a controlled environment. Using
electrophysiological and organotypic slice explant technologies, acute slice
explants were used to study Fos expression in the paraventricular nucleus of
the hypothalamus (PVN) derived from postnatal rats. In 1.5 hrs of

stimulation in vitro , either K+ (40 mM), glutamate (100 pM) or veratridine
(1 pM) depolarization produced varying degrees and topographically distinct
patterns of Fos expression in magnocellular, parvocellular and
periventricular regions of the PVN as well as the suprachiasmatic nucleus.
The role of calcium in Fos gene expression, using the above depolarization
paradigms, was examined either in the absence of extracellular calcium or by
pretreating the acute slice explants with N- channel or L-channel calcium
blockers. In the absence of extracellular calcium, Fos induction did not
occur after depolarization. The L-channel dihydropyridine (Nifedipine, 1

|pM) was most effective in inhibiting depolarization induced Fos expression.
In contrast, the N-channel blocker (rn -conotoxin, 1 pM) had little or no
effect on Fos expression. These data strongly implicate calcium influx, via
L-channels, as the principal mechanism of depolarization-induced Fos gene
expression in neurons in the mammalian hypothalamus and suggests that
this experimental preparation will be very useful in exploring the regulation
of other immediate early genes, and neurotransmitter I neuromodulatory
influences.
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THE EXISTENCE OF NEURONS IN THE PARAVENTRICULAR
NUCLEUS(PVN)

PROJECTING

TO

BOTH

POSTERIOR

PITUITARY AND STOMACH. B.H. Lee*. W.S. Choi, K.J. Cho, M

O. Kim. H.J. SohnL R.R. Miselis2, S.H. BaikL Dept. of Anatomy,
Medical School, Gyeongsang Nat’l Univ., 1 Dept . o f Anatomy,
Medical School, Seoul Nat’l Univ., Republic of Korea, and 2|nst. of
Neurol. Sci., Univ. of Pennsylvania, Philadelphia, PA19104.
The efferent fibers from magnocellular and parvicellular subunits

of the PVN have been known to subserve separate roles in posterior

pituitary and

brainstem

nuclei

supplying

(neuroendocrine and autonomic functions,

the

vagus

nerve

respectively). To

investigate the neurons projecting to both neuroendocrine and
autonomic nervous systems especially projecting to the stomach,

BICUCULLINE IN THE DORSOMEDIAL HYPOTHALAMIC
NUCLEUS INCREASES INTRAGASTRIC PRESSURE IN RATS.
D.V.Sivarao. A.Van Bergen and PJ.Hornby*. Department of
Pharmacology, LSUMC. New Orleans, LA 70112.
Blockade ol GABAergie lone in the dorsomedial hypothalamus
(DMH) increases intestinal motility (Greenwood and DiMicco,
Am.J.Physiol. 268:G514-G521, 1995). Hypothesis: Microinjection of
bicuculline melhiodide (BMI) into the DMH increases gastric motor
function. Methods: BMI (30 pmol in 30 nl) or vehicle were
mieroinjeeted into the DMH of achloralose-anesthetized rats,
lntragastric pressure (IGP, cmH2(0), pyloric minute motility index
(PMMI), mean blood pressure (BP, mmHg) and heart rate (HR, bpm)
were compared before and after microinjeclion by student’s t-test.
DMH
NEAR DMH OUTSIDE DMH
Results:

viral and CT-HRP retrograde transneuronal labelling methods were

used. Pseudorabies virus(PRV) was injected into the stomach wall

of the adult Sprague-Dawley rats. After 2 days, the rats were given

another injection of CT-HRP into the posterior pituitary with the aid
of stereotaxic frame . After totals of 3 ~ 5 days of survival, rats were
perfused with 4% PLP and their brains were processed for triple
detection of PRV, CT-HRP or oxytocin. In longer surviving groups,
some cells in the lateral magnocellular group of PVN throughout the
whole brain areas showed triple immunoreactivity. In conclusion,

this study demonstrates that some of the CNS oxytocinergic cells
and gastric motor neurons share their origins from the same cell.

Asaline(N=3) ABM1(N=6)

ABMI (N=6)

ABMI(N=18)

Peak IGP 0.0±0.0 !
1;4±0.1*
0.4±0.1
0.1±4.9
PMMI
O.OiO.O
-0.8±0.8
-0.3±1.1
0.1±6.1
BP
-312
28±5*
2513*
312
HR
-l±l
67±13*
51±8*
10±5
‘Mean±SEM; * P<0.05 compared to saline control. Atropine (0.5mgIkg
i.v.) abolished the effect of BMI microinjection into DMH on IGP
(0.4±0.1) but not on BP (19±7) and HR (48± 10). Conclusions: BMI
microinjeclion into DMH, but not into the surrounding areas,
significantly increases IGP through a vagally-mediated pathway. Thus,
modulation of resident GABAergic tone in this hypothalamic nucleus
may contribute to stress-evoked effects on gastric motor function.
Supported by PHS grant DK 42714 and the A.P. Sloan Foundation.

640.3

640.4

EVIDENCE OF THE INVOLVEMENT OF GASTRIC VAGAL AFFERENTS
ESOPHAGEAL COLLATERAL IN A REFLEX ACTION: SHORT VAGOVAGAL REFLEX.
J.Y. Wei*. Y.H. Wang, Y. Tache and V.L.W. Go Dept of Medicine, Brain Res
Inst and CURE/Gastroenteric Biol Ctr, UCLA Los Angeles, CA 90024-1782.
Esophageal distension (ED) has been shown to induce gastric relaxation,
and vagal cooling does not completely abolish this effect (Dig Dis Sci 34:873-881,
1989). We have reported that gastric vagal afferents may emit esophageal
collateral branches before reaching the stomach (J Auton Nerv Syst 1995, in press).
Aim: using an isolated gastroesophagus in vivo preparation, to determine if shortterm lower esophageal distension (ED) can alter intragastric pressure (IGP).
Overnight fasted, urethane anesthetized rats were used. Three ligatures were made
at cervical esophagus, pylorus and gastroesophageal junction but the gastric vagus
nerve was kept intact. A double-lumen catheter was inserted into the stomach for
infusing, draining saline and measuring IGP. The basal IGP was kept at 4 to 5 cm
H20. A catheter with latex balloon was placed at lower thoracic esophagus and
distended with a bolus of saline for ~ 5 sec. The IGP (Mean ± SEM cm H20)
was decreased 0.74 ± 0.09 (N=8) for 0.5 ml ED; 0.51 ± 0.04 (N=10), 0.50 ±
0.08 (N=8) and 0.42 ± 0.08 (N=7) for 0.4, 0.3 and 0.2 ml ED, respectively
(p<0.05 ANOVA). Bilateral vagotomy reduced the effect of 0.5 ml ED from 0.74
± 0.09 to 0.36 ± 0.01 (N=4), whereas a further bilateral splanchnicotomy
rebounded, instead to abolishing, the effect of 0.5 ml ED from 0.36 ± 0.01 to
0.45 ± 0.03 (N=3) (p< 0.05, ANOVA) indicating the splanchnic nerve provided
a tonic excitatory influence to IGP. These results indicate that a shot-term ED can
induce gastric relaxation. About 50% of this effect is CNS-dependent, probably via
long vago-vagal reflex, whereas the other 50% can be maintained without CNS and
ENS involvement, probably via proposed gastric vagal-esophageal collateral reflex
arc, short vago-vagal reflex. (Supported by NIH Grants NS 28433 & DK30110)

PYY-CONTAINING NEURONS AND TERMINALS IN THE NUCLEI RELATED TO THE
AUTONOMIC REGULATION IN RATS.
H. Yang*, L. Wang, H. Wong, and Y.
Tache. CURE. VA Medical Center. Brain Research Institute and Dept. of
Medicine, UCLA. Los Angeles, CA 90073. U.S.A.
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We previously reported that microinjection of PYY into medullary nuclei
related to the vagal regulation stimulated gastric acid secretion (a Jp 268,
1995). In this study, using a specific polyclonal antibody against PYY (CURE
antibody Core, #9152), immunohistochemistry was performed to examine the
location of PYY-positive neurons and terminals in the nuclei related to the
autonomic regulation in colchicine treated rats. In the medulla, high density
of PYY-immunoreactive nerve terminals and fibers were observed in the dorsal
vagal complex and raphe pallidus throughout their caudal to rostral extension,
while moderately dense networks were found in the area postrema, raphe obscurus
(Rob), nucleus ambiguus and the nearby reticular formation. A group of large
cells were located in the ventrolateral medulla area throughout the same
caudal-rostral extension as the Rob. The cells in the caudal part of this cell
column were a dense group but gradually became scatter as it extended
rostrally. A few PYY-positive cells were observed in the rostral part of the
nucleus solitary tract. Another large group of neurons were located in the
caudal pons at the segment between the facial nerve and the Rob. These were
small cells scattered within 1 mm in both sides around the midline. A moderate
terminal network and a few cells were located in the locus coeruleus in the
pons. PYY-contaimng fibers formed a loose distributed network in the
periaqueductal gray in the midbrain. In the hypothalamus, dense PYY-positive
terminals were located in the paraventricular nucleus and arcuate nucleus
while moderate dense fibers were observed in the lateral hypothalamus,
supraoptic nucleus and median eminence. A few cells were observed in the
arcuate nucleus and the area dorsolateral to the ventromedial hypothalamic
nucleus. Small PYY-positive cells and fibers also scattered in the amygdaloid
nuclei throughout its caudal-rostral extension. These results indicate that
centrally originated endogenous PYY may play an important role in the autonomic
regulation.
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640.6

BOMBESIN-LIKE IMMUNOREACTIVE (LI) NERVE TERMINALS
IN THE DORSAL VAGAL COMPLEX (DVC) IN RAT, AN
ELECTRON MICROSCOPIC ANALYSIS. Richard B. Lynn*1
Lesley S. Bechtold1. Richard R. Miselis2:1Dept. of Medicine, Thomas
Jefferson Univ., Philadelphia, PA 19107; 2Dept. of Animal Biology,
Univ. of Pennsylvania, Philadelphia, PA 19104
Bombesin inhibits gastric function and induces satiety when microinjected into the DVC. At the light level bombesin is in apparent nerve
terminals in the DVC which includes the dorsal motor nucleus of the
vagus (DMV) and the nucleus of the solitary tract (NTS). Electron
microscopy was used to determine if synaptic contacts were present.
We used a preembedding immunoperoxidase technique with bombesin
antiserum (Incstar). Frequent thin sections (0.35p) were stained with
toluidine blue to identify anatomic sites. Ultrathin sections were
examined using a Zeiss 10 TEM. In the DMV, bombesin-LI nerve
terminals typically contacted small to medium sized dendrites (0.9-1.7p).
Occasional bombesin-LI terminals were associated with a full range of
postsynaptic structures including large (proximal) dendrites, small
dendrites, perikarya and rarely axon terminals. Of 65 axo-dendritic
contacts studied in the DMV there were 38 asymmetric and 15 symmetric
synapses, and 12 nonsynaptic close apositions. Similar to other
neuropeptides, the bombesin-LI reaction product was predominantly
over dense core vesicles located in regions distant from the synaptic
junction. Bombesin-LI nerve terminals in the NTS have a similar profile
of contacts. Bombesin containing nerve terminals in the DVC form
mostly axo-dendritic contacts. This study provides further evidence that
bombesin is a neurotransmitter/ neuromodulator in the DVC, potentially
effecting vagal motoneurons. Support: DK02094(RL); GM27739(RM)

SEROTONIN AUGMENT TRH ANAIOGUE-STIMUIATED GASTRIC AID
SECRETION BUT NOT ANTRA MOTLITY AFTER MICRDINJECTICN INTO
THE DORSAL VAGI, OOMIEX (E^).

J, Chi and R.L. Stephens Jr. *, Dept. of Physiology, The Oho
State nhiverhty, colmbra, Oho 43210.

TRH and serotonin (5-HT) interact at the DVC to augment
gastric acid output (GAO) and erosions. It is unclear whether
the TRH/5-HT interaction at the EMC extends to gastric
motility. Urethane anesthetized 24-hr fasted rats were
equipped with a gastric fistula for the acid studies or
serosal antral strain gauges for the motility study. 5-HT (49
pmol) produced a 100% increase in stable TRH analogue RX77368
(RX; 4pmol)-induoed stimulation of GAD after DVC «>microinjection (lOnl) [mean ± SEM , acid output (u mole/Uu)
RX: 37 ± 3 ; RX + 5-HT: 74 ± 10; p< 0.05] By ccntrast, no
significant changes in antral motility was evident comparing
RX and RX + 5-HT injection into the EMC (Mean ± SEM; n= 3-5):

RX

RX (4 proles)

RX

—

RX

RX

5-HT (mole)

—

49

49

4.9

0.5

0.005

30 Min Mot. index
(% basal)

270
±70

139
± 34

387
± 98

320
+ 92

298
± 63

256
± 19

RX

stimulated gastric motility after EMC injection. The results
suggest that TRH analogue-stimulated GAO but not antral
motility is enhanced by enhanced 5-HT levels in the EMC.
Supported by DK 47432.

640.7

640.8

THE EFFECTS OF BOMBESIN ON THE VAGAL AFFERENT TRANSMISSION
IN THE NUCLEUS TRACTUS SOLITARIUS (NTS) OF ANESTHETIZED RATS.
H.J. Park1. M.Y. Park1. M.S. Kim1. E.H. Lee1. Y.L. Lee1. H.C. Shin1. S.C. Lee2*
Dept. of Physiology1, College of Med., Hallym Univ., Chunchon, Korea & Dept. of
Physiology2, College of Med., Ewha Womans Univ., Seoul, Korea
A dense plexus of bombesin immunoreactive terminals has been found in the NTS
(Ladenheim et al., 1992). Intracistemal injections of bombesin have ulcergenic
effects in the stomach (Tache, 1982) and bombesin microinjected into the dorsal
vagal complex inhibits TRH-stimulated gastric contractility in rats (HeymannMonnikes et al., 1990). These studies suggest that bombesin may play important
roles in the control of visceral functions. The present study was carried out to test
the effects of intracistemal administration of bombesin (0.001, 0.01, and 0.1 pg) on
the NTS neuronal activities evoked by the electrical stimulation of the vagus nerve of
anesthetized rats. Quantitative determination of the effects of bombesin on the
afferent sensory transmission was made by generating post-stimulus time histograms.
Low doses (0.001 pg) of bombesin did not change the afferent transmission during
the 40 min post-injection period. However, medium doses (0.01 pg) of bombesin
significantly (P <0.01) inhibited the afferent transmission in the 16 to 35 min postdrug period (-23.9 ± 7.8%). High doses (0.1 pg) of bombesin exerted either
significant inhibitory (-38.9 ± 13.7%, P < 0.01) or facilitatory (+27.1 ± 7.5%, P <
0.05) effects on the responsiveness of NTS neurons. These results indicate that
endogenous bombesin-like peptide present in the NTS may participate in the
processing of visceral afferent information (supported by KME 93’ Basic Medical
Research Fund granted to Dr. H.J. Park).

CENTRAL APPLICATIONS OF PEPTIDE YY (PYY) ALTERS GASTRIC
FUNCTIONS VIA VAGAL PATHWAYS C.H.Chen, R.C.Roaers*.
R.L.Stephens Jr. Dept. Physiol. Ohio State U. Columbus, OH 43210
A postprandially released ileal hormone, peptide YY (PYY), can inhibit
proximal gut activities and has been associated with the "ileal brake"
phenomenon. In addition, circulating PYY has been shown to enter the dorsal
vagal complex (DVC) region in the medulla [Hernandez, et al., AJP, 1994],
which contains the "vago-vagal reflex" control circuits. Therefore, we
predicted that central injection of PYY into the brainstem will alter gastric
functions via vagal pathways. In the present study, two different parameters
of gastric activity, antral motility and emptying, were monitored following
central injection of PYY. 1) The antral motility data demonstrated that
unilateral injection of PYY (20.0 and 2.0 fmol in 20 nl) directly into the DVC
produced significant suppression of the thyrotropin-releasing-homone (TRH)
stimulated increase of the antral motility in urethane-anesthetized rats. This
dose-dependent inhibitory effect was completely eliminated with an ipsilateral
cervical vagotomy. 2) The effect of an intracistemal (ic) injection of PYY on
the rate of gastric emptying was investigated in awake rats. The result
showed that a dose-dependent inhibition of gastric emptying was observed
following the ic injection of PYY (400, 40, and 0.04 fmol in 10 pi).
Subdiaphragmatic vagotomy eliminated the PYY inhibitory effect on gastric
emptying. These studies confirmed that PYY is able to inhibit gastric
functions, such as motility and emptying, by acting via the DVC. These data
support the hypothesis that PYY elicits the "ileal brake" effect on the stomach
by altering the activity of vago-vagal reflex circuits. However, the specifics of
the neuronal responses by components of the DVC to PYY application will
require both in vivo and in vitro electrophysioiogical methods.
#These work were supported by NIH Grant 30803 to RCR and OH 47432 to
RLSJ.

640.9

640.10

THE MECHANISMS OF ANTIULCER ACTION OF
PRORANOLOL IN RATS. S. K. Kaan and C. H. Cho. Dept. of
Pharmacology, The University of Hong Kong, Hong Kong. (SPON:
The Hong Kong Society of Neurosciences).
Although propranolol, a non-selective beta-adrenergic
antagonist, has been shown to have an antiulcer action, the
mechanisms for this action are still unclear. The aim of this study
was to investigate these mechanisms in three ulcer models, i.e. 60%
ethanol, 30 mg/kg indomethacin and cold-restraint stress. The
relationship between gastric mucosal blood flow (GMBF) and
systemic blood pressure was also studied. Male Sprague-Dawley rats
were used in the whole experiment. Pretreatment with propranolol
(5 or 10 mg/kg) given either intraperitoneally or orally dosedependendy prevented gastric mucosal damage in these three ulcer
models. The drug decreased GMBF which was probably due to its
depression action on systemic blood pressure. Propranolol preserved
the adherent and intramucosal mucus in all three ulcer models and
increased the mucosal potential difference. In addition, the
membrane stabilizing activity of propranolol may contribute to the
elevation of potential difference. These findings indicate that
propranolol strengthens the mucosal barrier and tightens the gap
junction by the mechanisms of preservation of mucosal mucus and
stabilization on mucosal membrane in the stomach. The action on
GMBF does not responsible for the antiulcer action of the beta
blocker.

RELATIONSHIPS OF IGLES TO ENTETRIC GLIA AND NEURONS IN THE
RAT ESOPHAGUS: FURTHER INDICATIONS OF A MECHANOSENSORLOCAL EFFECTOR ROLE. W.L. Neuhuber*!. M. Kressell, M. DQtschl. J.
Wdrl1. and H.R. Berthoud2.1 Anatomy Inst., Univ. Erlangen-Nurnberg, D91054 Erlangen, and 2Pennington Biomed. Res. Ctr, Baton Rouge, LA
70808
Intraganglionic laminar endings (IGLEs) are prominent structures of vagal
afferent origin with unknown function, distributed to enteric ganglia
particularly in the esophagus and stomach (Berthoud&Neuhuber 1994).
Combining anterograde tracing, immunocytochemistry, confocal laser
scanning and electron microscopy, we attempted to gain more insight into
structural details of IGLEs indicative of a possible function. Rat nodose
ganglia were injected with WGA-HRP or Dil to anterogradely label IGLEs in
the esophagus. Tissues were processed for electron microscopy (WGAHRP) and immunocytochemistry for calretinin (Dil). Esophagi from untreated
rats or from animals subjected to unilateral cervical vagotomy were
processed for immunocytochemistry for calretinin or calbindin alone, or in
combination with S-100 or vincuJin. Results indicate that: 1) IGLEs are the
only significant vagal afferent terminal structures in the striated muscle coat
of the esophagus; 2) they are located mainly on the surface of myenteric
ganglia immediately beneath the basal lamina. They contain numerous
mitochondria, small clear vesicles and a fine filamentous "receptor matrix";
3) IGLEs interdigitate with fine glial processes co-staining for both S-100
and vinculin which probably provide a three-dimensional framework
connected to the periganglionar extracellular matrix; 4) IGLEs co-stain for
both calretinin and calbindin, two markers which are typically found in rapidly
adapting mechanosensors (Due et al. 1993); 5) they form synaptic contacts
with enteric neurons. Taken together, these data may indicate a
mechanosensor function of IGLEs which may, in addition, synapticaily
influence enteric neurons as previously suggested (Neuhuber 1987).
(Supported by SNF 3.555-86 and DFG/SFB 353/B9)
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R.J. Phillips*, E, Baronowsky and T.L. Powley. Psychological Sciences, Purdue

University, West Lafayette, IN 47907.
Metabolic and feeding functions have been correlated with the hepatic branch of the
vagus and attributed to the liver, in part for lack of information about the branch's non-

hepatic projection fields.

Although hepatic motor projections to the Gl tract have been

partially mapped (AJP, 260. R200-7, 1991), neither the nerve's afferent

projections to, nor terminal specialization's in, the Gl tract have been described. To
survey these afferents, male SD rats (n = 11) were given partial subdiaphragmatic

vagotomies sparing only the hepatic branch and then injected i.p. with Fluoro-gold

^

(1 mg). Each rat received an injection of 3
l WGA-HRP in the left nodose ganglion
3 days before sacrifice. All animals were perfused 2 weeks after vagotomy. The

^

medulla was sectioned (56 m) and prepared to verify the vagotomy (Fluoro-gold:
3/4 of the sections) and nodose injection (HRP: 1/4 of the sections). The nodose

ganglia, entire stomach, first 8 cm of duodenum, and cecum were prepared as
wholemounts and processed with TMB.
sampling grid.

Different terminal types were counted with a

Hepatic innervation of the ventral stomach consisted of one or two

bundles entering at the lesser curvature and wandering to the fundus where they

branched into terminal fields.

The only fibers on the dorsal stomach were distal branches

and terminals that wrapped around the greater curvature of the fundus from the ventral

The hepatic branch supplied the fundus with both intramuscular arrays (IMAs-

which have been associated with tension reception) and intraganglionic laminar endings

(IGLEs). Afferents were also supplied to the distal antrum and the pylorus (IMAs).

Duodenal innervation was, overall, denser in the first 2 to 4 cm and dwindled
progressively along the small intestine. Cecal afferents were sparse, consisting of a few
fibers in and near the ileocecal junction.

predominately IGLEs.

Duodenal and cecal afferent endings were

These results indicate that the hepatic branch carries information

from the fundus, antrum, pylorus, duodenum, and cecum.

Further, the different types of

terminals it supplies suggest that the branch mediates a multiplicity of Gl sensory

functions.

WEDNESDAY
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HEPATIC VAGAL AFFERENT INNERVATION OF THE Gl TRACT.

side.

INTESTINAL HEPATIC AND PANCREATIC CONTROL

ACTIONS OF CHOLECYSTOKININ IN GANGLIA OF THE GUINEA
PIG SPHINCTER OF ODDI. A. P. Gokint° and G. M. Mawe°*.
°Dept. of Anatomy & Neurobiology, Univ. of Vermont, Burlington, VT,
USA 05401; fBogomoletz Inst. of Physiology, Kiev, Ukraine, 252024
Following meals, cholecystokinin (CCK) acts in the sphincter of
Oddi (SO), as well as in the gallbladder, to promote the flow of bile
into the lumen of the intestine. Motility studies indicate that CCK's
action in the SO is neurally mediated. SO ganglia are comprised of
three types of neurons based on electrical properties [Wells and
Mawe; Am. J. Physiol. 265: G258-H269, '93J, and they contain
distinct groups of neurons that express excitatory or inhibitory
neuroactive compounds [Wells et al., J. Comp. Neurol. 352:106-116,
'95]. To assess CCK's action in SO ganglia, intracellular recordings
were made from 85 neurons in intact SO preparations, and CCK
was applied by pressure ejection (0.1 mM, 20 PSI, 0.01 - 3.0 sec) or
superfusion (1 -100 nM). CCK had a direct excitatory effect on tonic
and phasic cells in SO ganglia. In tonic cells (n= 23) CCK typically
caused a prolonged depolarization that was accompanied by the
generation of action potentials at high frequency during most of the
depolarization. In phasic cells (n= 53/55), CCK caused a brief
and/or prolonged depolarizations that were associated with
increased excitability. In AH cells, CCK sometimes caused a slight
depolarization(n= 3/7), and it caused an increase the amplitude and
duration of the prolonged afterhyperpolarization. In summary, CCK
has a direct, excitatory effect on the majority of SO neurons. Further
studies will be required to determine whether CCK's ganglionic
action results in an increased output from inhibitory neurons to relax
the SO, and/or increased output from excitatory neurons to pump
bile through the SO. Supported by DK 45410 & NS26995.

NIH DK27627 AND NIMH MH01023.

641.3

641.4

SYNAPTIC TRANSMISSION IN RABBIT PANCREATIC GANGLIA . J.A.
Love*. Dept. of Pharmacology and Toxicology, University of Mississippi Medical
Center, Jackson, MS 39216
Pancreatic ganglia are innervated by vagal, sympathetic, myenteric, and primary
afferent nerves and provide the postganglionic parasympathetic innervation to
pancreatic endocrine and exocrine cells as well as the pancreatic duct. Presently,
little is known of the synaptic transmitters and resulting potentials which regulate
the firing of pancreatic neurons and thus parasympathetic output to the secretory
cells. To study this question portions of rabbit pancreas, with or without the
duodenum attached were removed and intracellular recordings were made from
pancreatic neurons in single or interconnected ganglia. Pancreatic neurons had an
RMP of 51 ± lmV (mean ± S.E.) and exhibited a phasic firing pattern. Single
stimuli of attached nerve fibers evoked nicotinic fast EPSPs and action potentials
while repetitive stimulation also revealed slow cholinergic and non-cholinergic
EPSPs. Low frequency (0.5 Hz) nerve stimulation resulted in variable synaptic
responses with frequent failures. Atropine (2pM) increased the mean synaptic
response while reducing failures. Exogenous muscarine (l0pM) decreased the mean
synaptic response and increased failure frequency. At higher stimulus frequencies
(5-10 Hz) facilitation of synaptic transmission occurred resulting in frequent action
potentials with few failures even in the absence of any slow EPSPs. Application of
norepinephrine (NE) or the a,, agonist phenylephrine (5-10 pM) depolarized (8 ±
lmV) 8/19 neurons and facilitated synaptic transmission while 7/15 neurons
responded to NE with hyperpolariz.ations (8 ± 1 mV) and synaptic inhibition.
Adrenergic inhibition of synaptic transmission predominated in ganglia from the
head/neck region of the pancreas while adrenergic facilitation was only observed in
ganglia isolated from the body/tail region. Thus, a variety of synaptic mechanisms
mediated by multiple neurotransmitters interact to determine the output of pancreatic
neurons to the endocrine and exocrine pancreas. Supported by NIH

GLUTAMATE AND N-METHYL-D-ASPARTATE RECEPTORS IN THE
PANCREAS: LOCALIZATION AND FUNCTION.

A. Kirchgessner* and M.-T. Liu Dept. of Anat.& Cell Biol., Columbia
University, New York, NY 10032.
Prior studies have suggested that N-methyl-D-aspartate receptors
(NMDARs) are present in the pancreas. The present study was carried out to
(i) locate NMDARs in this organ, (ii) determine if glutaminergic neurons are
present in pancreatic ganglia; and (iii) determine whether visceral
NMDARs can mediate long term potentiation (LTP). Glutamate (Glu) was
detected immunocytochemically in pancreatic neurons in the guinea pig and
rat. All of the neurons that were Glu-immunoreactive (ir) were co-stained
with antibodies to ChAT. Glu-ir nerve fibers were found traveling along
blood vessels and in the vicinity of acini. The majority of neurons in
pancreatic ganglia expressed NMDARs. In addition, NMDARs were
expressed by insulin-immunoreactive islet cells. NMDA depolarized
pancreatic neurons and induced them to spike repetitively; this effect was
blocked by the selective NMDA receptor antagonist, D-AP5 (50 pM) and
Mg2+ (1 mM). Pancreatic neurons that responded to NMDA were surrounded
by Glu-ir terminals. High frequency stimulation with trains of pulses (ten at
100Hz, 500 msec), delivered to intrapancreatic ganglionic connectives,
potentiated the amplitude of fEPSPs to 138% of control. This potentiation
lasted for 50 min and was blocked by the noncompetitive Nm Da receptor
antagonist, MK801. These observations are consistent with the idea that Glu
and NMDARs participate in fast neurotransmission in pancreatic ganglia.
The data are also consistent with the possibility that the synaptic release
of Glu can stimulate NMDARs to induce LTP. Supported by grants NS01582
and the American Diabetes Association.

641.5

641.6

INHIBITION OF JEJUNAL ALANLNE ABSORPTION BY
VASOACTIVE INTESTINAL PEPTIDE: ROLE OF CAPSAICIN
SENSITIVE PRIMARY AFFERENTS. C.F. Nassar, K.A. Barada.
S.F. Atweh and xN.E. Saade*. Fac. of Med. American University of
Beirut - Lebanon.
The purpose of this study is to assess the role of capsaicin sensitive
primary afferents (CSPA) in the inhibition of rat jejunal alanine
absorption by vasoactive intestinal peptide (VTP). Continuous
intravenous infusion of VTP (11.2 ng/kg-min) reduced alanine
absorption by 60% in control rats and 24% in rats neonatally treated
with capsaicin (p<0.05). In vitro, VTP decreased alanine uptake by
jejunal strips in a dose dependent manner. In the presence of 20 nM
VTP, alanine uptake by full thickness jejunal strips was reduced by
53% in control rats and by 19% in rats treated neonatally with
capsaicin (p<0.05). On the other hand, the effect of VIP on alanine
uptake by mucosal scrapings was similar in both groups of rats. In rats
whose jejunae were pretreated with benzalkonium chloride (BAC),
VTP's inhibitory effect on alanine uptake was markedly reduced.
Kinetic analysis of jejunal alanine uptake in the presence and absence
of VTP revealed that it reduced Na dependent alanine transport bydecreasing the affinity of its transporter. We conclude that VIP’s
inhibition of alanine uptake is neurally mediated and involves a
change in the affinity for alanine uptake.
(Supported by grants from- Univ. Res. Board and D.T.S. Fund).

LOCALIZATION OF CALCIUM RECEPTOR EXPRESSION IN CELLS OF
THE RAT MYENTERIC PLEXUS. K.V. Rogers1*. C.DunnT J . ChinT
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S.C.Hebert2. D.Soybel2. E.M.Brown2 1) NPS Pharmaceuticals, Inc., Salt

Lake City, UT 84108, and 2) Brigham and Women's Hospital and Harvard
Medical School, Boston, MA 02115.
We have previously mapped the expression pattern of calcium receptor
(CaR) mRNA in cells in specific regions of the CNS and have postulated that
the ability to sense changes in extracellular calcium may play an important
functional role in a subset of CNS neurons. Systemic hyper- and hypocalcemia are associated with disorders of intestinal motility and neurons in the
myenteric plexus play a critical role in the regulation of gastrointestinal (Gl)
peristalsis. We have localized expression of CaR mRNA, using in situ
hybridization, and CaR protein, using immunocytochemistry, in cells of the
myenteric plexus of the rat Gl tract. Stomach, duodenum, jejunum, ileum,
proximal colon, and distal colon were assayed for rat CaR by PCR and CaR
mRNA was detected in all of these regions. Sections from these same
regions were hybridized with a 33P-labeled riboprobe complementary to the
rat CaR (antisense probe) or a control (sense strand) riboprobe. A subset of
cells with cell bodies located in the myenteric plexus showed hybridization
with the antisense CaR riboprobe; sense strand controls showed no
hybridization. Adjacent tissue sections were stained with an antibody
generated to a portion of the amino terminal region of the CaR and staining of
a subset of cells in the myenteric plexus as well as processes that extended
beyond the plexus was observed. This pattern of expression was present
throughout the Gl tract from stomach to distal colon. These observations
suggests that CaR expressing cells in the myenteric plexus may play a role in
the regulation of Gl peristalsis. In addition, the presence of these cells
throughout the length of the Gl tract suggests that the CaR may be involved
in the coordination of motility between different regions of the intestine.

WEDNESDAY AM

GASTROINTESTINAL REGULATION:

641.7

INTESTINAL HEPATIC AND PANCREATIC CONTROL

641.8

IMMUNOHISTOCHEMICAL LOCALIZATION OF GLUTAMATE AND NMETHYL-D-ASPARTATE RECEPTORS IN THE ENTERIC NERVOUS
SYSTEM. M.-T. Liu, M. Howard*. M.D. Gershon, and A. Kirchgessner. Dept.
of Anat.& Cell Biol., Columbia Univ., NY, NY 10032.
Prior studies have suggested that N-methyl-D-aspartate receptors
(NMDARs) are present in the gut. The present study was carried out to (i)
locate NMDARs in the gut, and (ii) determine if glutamate-immunoreactive
(Glu-ir) neurons are present in the enteric nervous system (ENS). Glutamate
(Glu) immunoreactivity was detected in neurons in the submucosal and
myenteric plexuses in all regions of the rat and guinea pig bowel. Glu
immunoreactivity was also observed in paravascular nerves and nerve fibers
in the enteric plexuses, longitudinal muscle and mucosa. In the guinea pig
submucosal plexus, ~ 27 % of neurons were Glu-ir. All of . the submucosal
neurons that were Glu-ir were co-stained with antibodies to choline
acetyltransferase (ChAT), substance P, and calbindin, which are putative
primary afferent neurons. In the guinea pig myenteric plexus, ~ 5 % of
neurons were Glu-ir, all of these contained ChAT, and those with a Dogiel
type II morphology were calbindin-immunoreactive. In the rat bowel, ~ 53
% of submucosal and ~ 15 % of myenteric neurons were Glu-ir. In both
plexuses, all Glu-ir neurons contained ChAT, and a subset were co-stained
with antibodies to VIP, calbindin and calretinin. The majority of neurons in
the ENS expressed NMDARs and, in a subset, there was coincident
expression of NMDARs with Glu. These observations are consistent with the
idea that enteric Glu and NMDARs play a role in the function of the ENS.
The data are also consistent with the possibility that Glu may be a marker
of submucosal intrinsic primary afferent neurons. Supported by NIH grants
NS01582, NS12969 and the American Diabetes Association.

5' UNTRANSLATED PREPROTACHYKININ DNA DIRECTS TRANSGENE
EXPRESSION IN ENTERIC NERVES OF MOUSE SMALL INTESTINE.
A.M.Yunker*. R.G. Lorenz. C.B. Latham, avd K.A. Roth.
Department of
Pathology, Washington University School of Medicine, St. Louis, MO 63110.
Products of the preprotachykivin (PPT) gene, such as substance P (SP) avJ other
related peptides, are localized iv subpopulatiovs of neurons throughout the
peripheral nervous system (PNS). Although sensory and autonomic verves utilize
tachykivivs as veurotravsmitters, the molecular signals that control cell-specific
tachykinin expression are uvkvowv. Therefore, transgenic mice containing either
5.5 kb of 5’ flanking region of PPT geve fused to human growth hormove (hGH)
geve or 9.5 kb of 5' PPT sequence fused to a vov-bioactive mutant hGH reporter
geve were generated to allow characterization of the DNA sequences necessary for
cell-specific tachykinin expression. Seven lines of mice were established, avd the
patters of travsgene expression was examined iv whole-mount preparations of ileum
using immunohistochemical methods. Colocalization of SP- and hGH-like-immuvoreactivity (-ir) was found iv transgenic mice, but not von-travsgenic littermates, from
2/2 lines containing the 5.5 kb construct asJ 4/5 lines containing the 9.5 kb
construct, although disparate hGH- avJ SP-ir was observed. SP- avd hGH-ir was
localized is varicose and vos-varicose verves found within myenteric ganglia avJ
ivtergavgliovic verve bundles, avd iv nerves of the circular muscle plexus is 5/6
transgenic lives. Interestingly, hGH-ir was found only iv occasional varicose serves
is myenteric and submucosal ganglia iv 1/4 lives covtaivivg the 9.5 kb construct.
Colocalizatios of SP- and hGH-ir was also found iv submucosal preparatiovs from
animals costaivivg either 5.5 or 9.5 kb construct, as staiving was observed iv
paravascular serves associated with submucosal arterioles, occasional submucosal
veuross, and isterganglionic nerves of the submucosal plexus. These data suggest
that the 5’ flanking region of the PPT gene contains sufficient information to permit
cell-specific tachykisiv expression is the PNS.

641.9

641.10

CHEMICAL CODING OF NEURONS IN THE SMALL AND
LARGE INTESTINE OF THE MOUSE. H.M. Young*. O- Sane
and J.B. Furness. Department of Anatomy and Cell Biology,
University of Melbourne, Parkville, 3052, Victoria, Australia
The chemical coding of neurons in the small and large intestine
of the mouse has been examined using immunohistochemistry. In
both the small and large intestines, the largest classes of nerve cell
bodies in the myenteric plexus displayed the following
combinations of markers: NOS+/VIP+/NPY+, NOS+/VIP+/NPY-,
NOS-/VIP-/NPY+, calretinin+/SP+, calretinin+/SP- and calretinin/SP+. There was almost no overlap between NOS/VIP and SP,
NOS/VIP and calretinin, NPY and calretinin or between NPY and
SP. GABA and calbindin were also found in small populations of
neurons. The calretinin-/SP+, calretinin+/SP-, NOS+/VIP+/NPYand NOS-/VIP-/NPY+ were found to be intemeurons, whereas
circular muscle motor neurons had the coding NOS/VIP/±NPY or
SP/±cairetinin. By analogy with other species, it is likely that the
NOS/VIP neurons are inhibitory and the SP neurons are excitatory
motor neurons. Using myotomy and myectomy operations, the
NOS/VIP neurons in both the small and large intestines were found
to project anally, whereas the calretinin neurons appear to project
locally.

TRANSNEURONAL LABELING OF NEURONS IN THE ADULT RAT CENTRAL
NERVOUS SYSTEM (CNS) AFTER INJECTION OF PSEUDORABIES VIRUS
(PRV) INTO THE DISTAL COLON. W. C. de Groat. M. Brissos. S.L. Erdman. G.
Matsumoto*. J.R. Roppolo. J.P. Card avd M.A. Vizzard. Usiv. of Pittsburgh,
Departments of Pharmacology avd Neuroscience, Pittsburgh, PA 15261.
PRV tracing was used to identify sites iv the CNS involved is the neural control of
colonic fuvctios. PRV (7X108 pfu/ml; lpl at three sites, 1-1.5" from anus) was
injected unilaterally into the wall of the distal colon avd the distribution of PRVisfected (PRV-I) seurovs was examined (72,84,96 hr, v=2 at each time). Iv the L3-S1
spinal cord (S.C.), the majority of PRV-I cells were present in the SI S.C. in the: 1)
sacral parasympathetic nucleus (SPN; 72-96 hr), 2) dorsal commissure (DCM; 72-96
hr) ss J 3) dorsal hom (DH; 84-96 hr). The number of PRV-I cells iv the SI SPN was
greater than that is L6 by a minimum ratio of 5:1 at 72 hrs. Iv the T13-L2 S.C.,
PRV-I cells were present in: 1) the istermeJiolsteral cell column (72-*% hr), 2) DCM
(72-96 hr) and 3) DH (84-% hr). PRV-I DRG cells were present is the LI, L2, L6
ss J SI DRG; however, most PRV-I cells were iv L6-S1. Few PRV-I cells were
present is the L5 DRG. S.C. sections (L1,L2,L6,S1) were also processed for
NADPH-dispgorsse activity (N-J; a presumed indicator of veuroval vitric oxide
synthase). N-d positive (+) colon preganglionic veurovs (PGNs) make up a much
larger % (25.4%, LI) of N-d+, sympathetic PGNs compared to Nd+, parasympathetic
PGNs (5.6%, SI). N-J fibers were present along the lateral edge of the L6-S1 DH
extending into the SPN. N-J varicosities surrounded N-J negative, PRV-I cells is the
dorsal region of the SPN. PRV labeling at 72-% hr was also observed iv a variety of
supraspinal sites: DMV, NTS, inferior olive, A5, Cl, hypothalamus, PAG, nucleus
subcoeruleus, A7, ReJ nucleus (N.), N. ambiguus, raphe, central gray, EJisger
Westphal N. and cortex asJ most notably the pontine micturition center (PMC); a
region conventionally viewed as costrollisg bladder and urethral fusctios. Is
cosclusios, these results suggest that the PMC may have broader functions beyond
those related to the control of the urinary tract and that the parasympathetic component
(L6-S1) of colonic spinal seuross has a segmental distribution distinct from that of
Madder or urethra.

641.11

641.12

LUMBAR SYMPATHETIC NERVES REGULATE NITRIC OXIDEDEPENDENT NON-CHOLINERGIC CONTRACTIONS IN CAT COLON.
K. Vene^ok^aianaiJ. Krier* DDL Physiol., MichiganS tate UUv.,E^t Losing,
MI 48823
The effects of lumbar sympathetic nerves (lumbar colonic nerves, LCN) os vovcholisergic contractile responses evoked by electrical stimulation of the pelvic
verve (PN) were studied "m vitro” by isometric force measurements of colon
longitudinal and circular muscle iv the presence of atropine (0.5|iM). The
preparation consisted of a mucosa-free smooth muscle sheet (2.5 x 4.5 cm) of cat
mid-distal colon with attached LCN and ipsilateral pelvic plexus ganglia ss J PN.
The smooth muscle preparation was pinned flat to the bottom of an organ bath (85
ml). Two muscle strips (2 mm wide and 3.5-4 mm long) were cut parallel to the
longitudinal and the circular layer, respectively. The ends of each muscle strip
remained attached to the smooth muscle sheet. Force transducers were attached to
the middle of each muscle strip for ’bridge-like' recordings of mechanical activity
from the longitudinal and circular muscle layer. Bipolar platinum electrodes were
placed ov the PN and the LCN. Electrical stimulation (2-5 Hz for 30 s) of the PN
caused inhibition of spontaneous contractions followed by a sustained contraction
of longitudinal and circular muscle after the period of stimulation. In both muscle
layers, the nos-cholisergic contractions were blocked by hexamethonium (50 pM)
and reduced by 80 % is the presence of a nitric oxide synthase inhibitor, N-Nitro-LArginine (100 pM). Electrical stimulation of LCN (0.5-20 Hz) caused a
frequency-dependent reduction of the nitric oxide-dependent PN-evoked noscgolinergic contractions. The inhibitory effect of' LCN stimulation was abolished
by nuasethidise (50 pM). In summary, the data show that nitric oxide-depevdevt
non-cholinergic contractions of longitudinal and circular muscle of cat colon are
regulated by adrenergic fibers in LCN.
(NIH-DK-29920)

BASAL NITRIC OXIDE INHIBITION ENHANCES NEURALLYEVOKED CHLORIDE SECRETION IN GUINEA PIG DISTAL
COLON. R.A. Reddix. A, J, DiMaggio. Jr., P .D, Feldman*. Dept of
Pharmacology, LSU Medical Center, New Orleans, LA . 70112.
The aim of this study was to test the hypothesis that basal release of
nitric oxide (NO) modulates neurally-evoked ion secretion in guinea pig
distal colon. Submucosa/mucosa preparations were mounted in Ussing
flux chambers. Changes in the short-circuit current (Isc) served as an
index of active, electrogenic ion transport. Electrical field stimulation
(EFS, 10Hz, 15 V, 0.5 msec) for 90 sec evoked a biphasic increase in
Isc. Pretreatment with the NO chelator, hemoglobin (Hb; 15 mg/10 ml)
significantly enhanced both peaks (pkl: 109.2 ± 2.8, pk2: 118.3 ± 4.8
%, n = 7-10, p<0.05) compared to vehicle (pkl: 93.1 ± 3.9 and pk2:
90 ± 3.3 %, n = 7-10, p<0.05). Secretion induced by carbachol
(0.1 pM), substance P (SP; 1 aM) and vasoactive intestinal polypeptide
(VIP; 0.1 pM) was examined in the absence and presence of Hb.
Sequestration of NO significantly enhanced secretion induced by VIP
(Veh: 41.1 ± 9.3; Hb: 72 ± 13.5 %, n = 7, p<0.05) but had no effect
on the carbachol and SP response. The results suggest that tonic NO
release modulates neurally mediated increases in ion secretion in part by
suppressing submucosal neural activity and postsynaptic VIP receptor
activation.
Supported by a PhRMAF Research Grant.

Society

1635

for

Neuroscience , Volume 21, 1995

1636

PAIN PATHWAYS:

642.1
NON-INVASIVE
METHOD
FOR
QUANTIFYING
PAIN-RELATED
ACTIVITY IN THE HUMAN PRIHARY SOMATOSENSORY CORTEX
A

R 0 powman"', Dept. Psychology, Clarkson Univ. Potsdam N.Y.,
13699-5825.

We attempted to isolate scalp potentials generated by
pain-related
cortical
activity
by
subtracting
the
somatosensory
evoked
potential
(SEP)
elicited
by
stimulation of the aural nerve at the pain threshold level
from SEPs elicited at physiologically-defined noxious
levels.

This

difference

SEP

included

a

mid-latency

negative
potential
whose
amplitude
increased
with
increasing noxious stimulus intensity.
The peak latency
of the negative difference potential evoked by stimulation
of the aural nerve at the ankle ( 106. 5 ms) was longer than
that evoked by stimulation of the nerve at a point 14. 41
cm proximal to the ankle site (91.2 ms).
(A similar
latency
difference
was
obtained
from
quantitative
estimates of the onset of this potential.)
These data
demonstrate that the negative difference potential arises
from activity in peripheral afferents with conduction
velocities of about 9.4 m/s (i.e., A-delta afferents). A
dipole source localization analysis of the negative
difference potential demonstrated that it was best-fit
(>95\ of the variance) by a single source located in the
primary somatosensory cortex (SI).
Hence, this negative
difference potential appears to reflect largely, if not
exclusively, the response of SI neurons to noxious inputs.
(Supported by N. I.H. NS28797.)

642.3
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642.2
REGIONAL AND GLOBAL CEREBRAL BLOOD FLOW DURING PAIN PROCESSING
BY THE HUMAN BRAIN. R.C. Coghill',~ R.H. Gracely, M.B. Max, K.F.
Berman', G.J.Bennett. M ~ . Neurobiology and Anesthesiology Branch, NIDR

and 'Clinical Brain Disorders Branch, NIMH, NIH. Bethesda, MD 20892
Mapping cerebral blood flow (CBF) using positron emission tomography (PET) now
constitutes an important tool lor the study ol pain processing by the human brain.
Despite the growing numbers of such investigations, pain➔nduced changes in both
regional and global CBF have yet to be studied in a fully quantilative manner, a step
critical for investigations of analgesic effects or graded responses during different pain
states. We recruited pain-free volunteers to participate in a quantilative H,''O PET study
of CBF changes during both painful and non-painful stimulation of the upper right ann.
Preliminary analyses (N= 13) reveal that pain evoked by intradermal injection of 250µg
capsaicin (CAP) produced robust global CBF decreases, from 48.7±2.3 ml/100g/min
during rest to 37.0±2.1 ml/100g/min during CAP pain (ANOVA p«).0005). These global
blood flow changes exceeded those likely supported by the small (2.0mm Hg) but
significant decrease in pCO, that occurred during CAP pain. CBF was normalized to
global CBF to identify regional CBF differences between CAP, vibration (VIB) and resting
states. CAP produced statistically reliable activation (Statistical Parametric Mapping,
p«).001) of brain areas likely to be involved in sensory and attentional processing,
including the thalamus. anterior cinguJate cortex, and the primary somatosensory cortex.
Additionally, normalized CBF increases were detected in regions likely to be involved in
the coordination of motor responses. including the putamen, superior colliculus, red
nucleus, and cerebellum. Non-painful vibrotaclile stimulation produced significant
activation only in somatosensory fields adjacent to the posterior aspect of the lateral
sulcus. These results confirm activation of sensory, attentional, and motor networkS
related to the pain experience and identify a previously undescribed global CBF decrease
during severe pain. Furthermore, comparisons between CAP and VIB indicate that a
robust painful stimulus may indeed produce greater activation of brain regions such as
the thalamus and SI than a non-painful stimulus.

642.4

COINCIDENT OR DERMATOMAL THERMALLY INDUCED PAIN
AFFECTS VIBROTACTILE SENSITIVITY.
L. Maxfield and S.J.
Bolanowski*. Institute for Sensory Research, Syracuse University, Syracuse,
NY 13244-2340.
We have previously shown that heat-induced pain co-localized with
vibraLOry stimuli can substantially increase detection thresholds (me.an increase=
7.3 dB) in three of the four tactile channels (P, NP I. NPIII) (Apkarian, cl al.
Somatosen. Motor Res., 11: 1994). This study was designed 10 extend these
findings by measuring this pain-touch interaction in the fourth psychophysical
channel (NP II), to determine site specificity of this effect, and to assess whether
cold-induced pain acts similarly. Human detection thresholds (2AFC) were
measured on the right thenar eminences of five normal observers across sessions
in which pain site and thermal type was varied. First, thresholds were
significantly elevated under heat-induced, co-localized pain with vibrnlions
activating the NP II channel (mean increase= 4.8 dB). Second, heal-induced pain
measurably increased thresholds when presented within the dermatome at different
sites, non-coincident to the vibratory stimulus, lhough this effect was somewhat
channel-specific: substantial increases were found for the NP I and NP Ill
channels (2.4 dB and 2.9 dB, respectively) but not for P channel. Third, coldinduced pain elevated thresholds substantially, but to a lesser degree than heatinduced pain (mean increase= 3.6 dB). Pain was never found to induce changes
in vibrota.ctile sensitivity when the painful stimuli were presented outside the
dermatome, either ipsilaterally or conLralaterally. Our current results suggest
that, because dermatomaJ pain affects vibrotactile sensitivity, the locus of the
pain-touch effect may be subcortical. Funher, lhe effects across heat-induced and
cold-induced pain suggest that the underlying fiber populations act differently in
these pain-touch interactions.

642.5

INNERVATION TERRITORY OF SYMPATHETIC EFFERRENTS IN HUMAN
SKIN. M. Schmelz 2, R. Schmidt 1, C. Forster2, M. Rinqkamp 2 , H.O. Handwerker2* ~o r ~ Department of Clinical Neurophysiology, University of Uppsala, Sweden and 2 Department of Physiology and Experimental
Pathophysiology, University of Erlangen/N0rnberg, Germany.
Microneurography techniques were employed to record from C-fibers in the
peroneal ne,ve of healthy volunteers. The units were identified by their constant
latency response to electrical stimulation of their terminals in the skin from
intracutaneous needle electrodes at 4 s intervals. Responsiveness to physical
stimuli (v. Frey filaments, feed-back controlled radiant heat) and sympathetic
provocation tests was determined by slowed conduction velocity during the
relative refractory period as previously described (Schmidt et al., J Neurosci.
15(1):333-341, 1995). Sympathetic efferent units were identified according to
their characteristic reaction to maneuvers enhancing the sympathetic outflow.
In a sample of 95 fibers nine units were found unresponsive to physical stimuli
but responded to sympathetic provocation tests. Conduction velocities were
lower (. 75 ± .08m/s) than those of afferent units. Most of them were located in
the toes and distal part of the foot dorsum. Spontaneous activity in these units
was absent or that low that their inne,vation territories could be mapped by
means of trains of transcutaneous electrical stimuli. Two units had 2 and 4
separate territories, resp. Mean innervated area was found to cover 133 mm2
(24-255 mm'). lnne,vation territories of sympathetic units were about of the
same size throughout the different regions of the leg and foot including the
toes. Two unit could be tentatively classified as vasoconstrictor and sudomotor

unit resp. by cooling and warming the subject. We conclude that microneurographic techniques can be used to delineate cutaneous innervation
territories of sympathetic efferents. A rough estimate of inne!Vation density for
sympathetic units was derived.
supponed by the Riksbankens Jubileumsfond and by the DFG, SFB 353

642.6

Sex Differences in Pain Perception and PET Analysis of Cerebral Activation
Patterns During Noxioos Thermal Stimulation. P. PaulsoO:S. Minoshima, T.
Morrow and K. Casey. Depts of Neurology, Physiology, and Division of Nuclear
Medicine, University. of Michigan and Neurology ResearchLaboratories, VAMC,
Ann Arbor, MI 48105.
Sixteen healthy subjects, matched for age and handedness received repetitive
innocuous (40°C) and noxious (50°C) 5 sec thermal stimuli to the left forearm. Each
subject rated the intensity of each stimulation series according to a magnitude
estimation procedure in which 0 = no heat sensation, 7 = barely painful and 10 =
barely tolerable. Sex differences in pain perception were tested for significance using
the Students !•statistic. Females perceived the 50'C stimulus as being more painful
than the males (p = 0.003). At the same time, positron emission tomographic (PE1)
scans of cerebral blood flow (CBF) were performed after an intravenous bolus
injection ofH2I5O (66 mCi). Four scans were acquired at each temperature. Mean
CBF images were created for each experimental condition and oriented onto
standardized stereotaxic coordinates. Subtraction images were created between
conditions for each subject and averaged across subjects of the same sex. Statistical
thresholds were established with corrections for multiple comparisons. Guided by a
priori hypotheses the following structure& were ssampled and showed significant
percentage increases in CBF: contralateral thalamus, cingulate cortex, S2 and S1
cortex, insula, thalamus, medial dorsal midbrain and cerebellar vermis. Although
females showed a trend for enhanced CBF in the contralateral frontal cortex,
ipsilateral thalamus and cingulate cortex compared to the males, these differences
were not statistically significant (t = 6.34, 5.41 and 4.02, respectively; threshold 7.6).
perhaps due to the small sample siz.c. These results indicate that males and females
perceive pain differently and suggest these differences may be associated with
differences in activation of the neural mechanisms mediating the sensory and,
possibly, the affective components of acute noxious thermal pain.
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TEMPERATURE LOCALIZATION WITHOUT TACTILE INFORMATION IN A
DEAFFERENTED PATIENT. C. Morin* M.C. Bushnell and Y. Lamarre. Universlte
de Montreal. Montreal, Quebec, Canada H3C 3J7.
In SI cortex heat sensitive neurons have receptive fields (RFs) as small as a
single digit (Kenshalo & lsensee, 1983). We have evaluated the contribution of
thermal RF Information to the localizaton of temperature in a patient with
selective loss of large diameter primary afferent fibers.
A female patient (age 47) with A.a {J deafferentatlon was tested for spatial
discrimination of thermal stimuli. Clinical tests showed a total loss of touch.
vibration and klnesthesia senses for the body and parts of the head. A sural
nerve biopsy revealed severe demyelination of large fibers. Five normal women
(mean age 42) were also studied. Temperature localization was determined on
the forearm and fingers (deafferented regions) and on the forehead (intact
region). Thermal pulses (5s. 1-cm diameter thermode) were applied to 5 spots
on the arm or forehead, separated by 2 cm, or on the glabrous finger tips. Cold
(20", O"C), heat (40". 49°C) and a thermally neutral stimulus (32°C) were tested.
Both the patient and controls localized HJO% or the stimuli on the forehead.
On the finger tips the controls localized all slimuli, but the patient performed
below chance (<20% correct) for 32° and 40°@, at 45% with 20°, 60% at 0' and
67% at 49°C. On the forearm, neither the patient Aor controls localized more
than 75% of the stimuli. The ability of controls to localize the stimulus on the
forearm was not affected by stimulus temperature (ANOVA, p=0.2), and at all
temperatures except 32"C. the performances of the patient and controls did not
signficanlly differ (X', p"s>0.1). At 32'C the patient localized only at chance
level, and performed significantly worse than controls (p<0.01).
These data suggest that activity in thermal pathways can contribute to
temperature localization. On the finger tips, tactile localization is superior to
thermal localization, but on the forearm. thermal localization may be as accurate
as tactHe. Supported by the Canadian MAC and Quebec FRSQ.
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CEREBRAL ACTIVATION IN THE HUMAN BRAIN BY PAIN, TEMPERATURE
AND AN ILLUSION OF PAIN. • M.C. Bushnell*. A.D. Craig, E . M. Reiman. L.-S.
Yun. and A. Evans. Univ. Montreal & Montreal Neurol. Inst., Montr6al, Canada,
and Good Samaritan Reg. Med. Ctr. & Barrow Neurol. Inst., Phoenix, AZ.
Pain and temperature sensations are known to have a strong anatomical
association. A direct interaction between these senses is demonstrated by the
thermal grill illusion, whereby a sensation of burning pain is produced when the
skin is stimulated with interlaced bars of innocuous warm and cool. We studied
the neural basis of this illusion in humans using functional brain imaging.
Positron emission tomography (PET) was used to measure regional cerebral
blood flow (rCBF) following bolus injections of H215) in 11 normal volunteers
during stimulation of the hand with neutral (34°C), innocuous cool (20°C),
innocuous warm (40°C), painfully hot (47°C) and painfully cold (5°C) stimuli, as
well as during the thermal grill illusion (interfaced bars of 20° & 40°C). Statistical
brain maps were derived, and global searches of the brain and directed
searches of thalamus and SI, Sll, anterior cingulate and insular cortices were
performed.
Compared to 34° stimulation, all stimuli, whether innocuous or painful,
produced significant rCBF increases in contralateral insular cortex. Painful heat,
painful cold and the thermal grill pain illusion produced additional rCBF
increases in contralateral thalamus and anterior cingulate cortex. Painful heat
activated SI cortex, and both painful and innocuous stimuli activated regions
near Sll.
These data indicate that whereas insular cortex is involved in both pain and
temperature processing, anterior cingulate cortex is activated by pain. The
finding that an illusion of pain caused by innocuous temperatures leads to
activation patterns similar to true noxious stimulation suggests that integration
of pain and temperature in thalamus and cortex underlies the illusion.
Supported by the Flinn Foundation, Barrow Neurol. Foundation and the
Canadian MRC.

PAIN MODULATION:

FUNCTIONAL MAGNETIC RESONANCE IMAGING OF HUMAN
SOMATOSENSORY AND CINGULATE CORTEX DURING PAIN AND
PARAESTHESIA EVOKED BY MEDIAN NERVE STIMULATION. K.D. Davis*1.
M.L. Wood2. A.P. Crawley2 and D.J Mikulis2. 'Div. of Neurosurgery and Ttept.
of Radiol., U. of Toronto, The Toronto Hospital, Toronto, Qnt., Canada M5T 2S8.
Positron emission tomography studies suggest that the primary somatosensory (SI)
and cingulate (Cg) cortices play a role in the perception of noxious thermal stimuli.
In this study, we investigated whether transcutaneous electrical nerve stimuli could
be used with non-invasive functional magnetic resonance imaging (fMRI) techniques
to study specific pain-related cortical activity in SI and Cg.
All data were collected from normal male and female subjects. Images were
obtained with a 1.5T MRI scanner. Each protocol typically consisted of alternating
sets of 6 images during a task and 6 images at rest for a total of 72 images.
Conventional gradient echoes were used with the following parameters: TR=68ms,
TE=40ms, ~6sec/image, 30x22cmFOV, 256x128 matrix, 4mmslice, 45* flip angle.
Electrical stimuli were applied to the median nerve and the intensity of stimulation
was adjusted in each subject to evoke either non-painful paraesthesia or pain in the
distribution of the nerve. Activated regions were determined by statistical analysis
of the mean intensity signal differences of each pixel during the task and controls.
Stimuli that evoked non-painful paresthesias activated discrete areas of SI but did
not activate Cg. Painful stimuli activated both SI and Cg. Cg activation was in the
caudal portion of the anterior Cg, in or close to caudal area 24. In some subjects,
increasing intensity of pain was associated with a larger region of activation within
SI. In some cases, the mean intensity signal within an activated region correlated
to the intensity of evoked pain. These data indicate that electrical stimuli and fMRI
can be used to study pain-related cortical activity and confirm the involvment of SI
and Cg in pain perception.
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AFFERENT CONDITIONING PRODUCES DIFFERENT EFFECTS ON
CLINICAL AND EXPERIMENTAL PAIN IN CHRONIC LOW BACK
PAIN PATIENTS. G.Cheing and C.W.Y. Hui-Chan*. School of Physical &
Occupational Therapy, McGill University, Montreal, Canada, H3G 1Y5.
The objective of this study was to determine whether chronic clinical pain, acute
experimental pain, and the flexion reflex (FR), will be modified in a similar or
different manner by transcutaneous electrical nerve stimulation (TENS) in chronic
low back pain patients.
Thirty young subjects suffering from low back pain longer than six months were
studied. They were matched with respect to gender and severity of pain, then
randomly assigned to two groups, receiving either TENS or sham TENS to the
Iumbro-sacral region for 60 min. The FR was elicited by a maximally tolerable
electrical stimulation applied to the subject's right sole, and recorded electromyographically from the biceps femoris and tibialis anterior. Subjective pain
sensation of the low back pain (clinical pain) and the electrical stimulation
(experimental pain) were measured by two separate visual analogue scales. ANOVA
and Tukey tests were used to analyze the data obtained before, during and, up to 60
min after TENS or sham stimulation.
The pre-stimulation control value of subjective low back pain sensation was
decreased to 62.9% in the TENS group (p<0.01), but not in the placebo group. In
contrast, there was no significant decrease in both the experimental pain sensation and
the FR before, during and after TENS or sham stimulation within each group, and
between the two groups. These results show that chronic and acute pain were
modified by TENS in a different manner. It is known that the neural pathways
mediating the two types of pain are different. Our present findings suggest that there
could also be different anti-nociceptive mechanisms for chronic and acute pain in
chronic low back pain patients.

MORPHINE AND SKIN BLOOD FLOW (SBF) CHANGES IN NEWBORN INFANTS. T. N. K. Raju* T. Roohey A. N. Moustagiannis and
K. M.McCnlloch. Dept. Pediatrics, Univ. of Illinnis, ChicagoIL6(6312.
We have shown that SBF increases with pain in newborn infants. Here
we assessed morphine-induced SBF using a non-invasive, laser Doppler
method 20-30 min before, 20-30 min during, and 35-45 min alter placement ol percutaneous central venous catheters (PCVC) in 18 infants
(median birth weight 1100 g, age 5 days). Ten of these were given 0.050.1 mg/kg IV morphine just before PCVC placement and 8 were not.
Changes in hear rate (HR) and SBF (ml/100g/min) are shown below.

Variable

SBF
HR (bpm)

Group

Baseline

During

Morphine.

22.5±9.5

22.6 ±7.7

19.3±7

No morphine.

23.7±8

45.3±34t

21 ±5

Morphine

156±13

154 ±13

151±13

No morphine

161 ±11

168 ±9 t

167 ±llt

After

(|P <0.05 vs baseline & morphine group.) Respiration and O2 saturation changed minimally in both groups. Without morphine SBF
increased in 7/9 (overall x change +97%, P < 0.05); with morphine
SBF changes were minimal during PCVC placement. SBF changes returned to baseline during recovery in both groups. We conclude: 1) IV
morphine prevented a substantial SBF increase from pain, perhaps reflecting an analgesic effect; 2) non-invasive SBF can serve as a measure
of pain and analgesia.

643.3

643.4

EFFECT OF CAPSAICIN ON HUMAN JAW REFLEX EVOKED BY ELECTRICAL TOOTH PULP STIMULATION. 1, Kemppainen*. 1, Waltimo,
1t. Waltimo. M. Kononen and 2a. Pertovaara, iDept. of

EFFECT OF ACUPUNCTURE ON SYMPTOMATIC KNEE OSTEOARTHRITIS.
R.H. Wong*. B.M. Berman. L. Lao. P. Langenberg. M. Esfahani. and M.C. Hochberg.
Departments of Family Medicine, Epidemiology and Preventive Medicine, and Medicine,
University of Maryland School of Medicine, Baltimore, MD 21201
Osteoarthritis is a common disease in which there is no specific or curative therapy.
The aims of this study were to compare self-reported pain, stiffness and physical
function for patients receiving acupuncture plus conventional therapy or conventional
therapy alone in patients with osteoarthritis of the knee and to assess the possible
adverse effects of acupuncture. Seventeen patients, mean age 70±8 years, with
moderate to severe osteoarthritis of the knee (fulfilling the American College of
Rheumatology (ACR) classification criteria) were enrolled and randomized into either
a control (n=9) or acupuncture group (n=8). The control group received baseline antirheumatic drug therapy for eight weeks. The treatment group was treated twice a week
for eight weeks with acupuncture. Outcome assessments of pain and physical function
using both the Western Ontario and McMaster (WOMAC) and the Lequesne
Osteoarthritis Indices, and a fifty-foot walk time were performed at baseline and fourweek intervals with follow-up at weeks 12 and 24. The WOMAC Osteoarthritis Index
indicated that the acupuncture group improved significantly at weeks 4 (p^0.05), 8
(p^0.02), and 12 (p^0.01) using Wilcoxon’s signed rank test for paired data with twotailed P values. The Lequesne Index also showed significant improvement at week 8
(ps0.05) for the acupuncture group. There was no significant difference found in the

Prosthetic Dentistry and 2Dept, of Physiology, Univ, of
Helsinki, Finland.
The effect of selective activation of nociceptive primary afferent fibers by capsaicin on a masseteric reflex
was studied in healthy human subjects. The inhibitory
•masseteric reflex was evoked by constant current (single
pulses) stimulation of the upper incisor, The sensation
of the tooth pulp stimulation was evaluated by visual
analogue scale (VAS). The magnitude of the reflex response
was determined by jaw force measurements and electromyographic recordings (EMGs) from the active masseter muscle,
The inhibitory masseteric reflex could be induced already
at nonpainful tooth pulp stimulation and the magnitude of
the reflex was elevated with increasing current values.
Capsaicin (1 %) applied topically to the skin of the cheek
produced a burning spontaneous pain sensation. During
capsaicin treatment the VAS ratings for the tooth pulp
stimulation were significantly reduced, whereas no marked
changes were found in the magnitudes of the jaw reflex
responses. Thus, the influence of selective activation of
nociceptive fibers of the facial skin by capsaicin on the
tooth pulp-evoked sensory and reflex responses differs
from the effect of capsaicin on a nociceptive withdrawal
reflex of the limb,
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fifty-foot walk times, and no significant adverse effects reported after acupuncture
treatment. For the control group, no significant differences were found in the outcome
improvement in pain and physical fiinetion in patients with osteoarthritis of the knee

Supportprovided by WH RM1-R21-RR09327+2.
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, baclofen
, reduces
central
PAIN WITHOUT IMPAIRING SOMATIC SENSATION.
A.Ueda, Y.Kawakami#, T.Taira, A.Komatsu*#, K.Takakura.
Departments of Nurosurgery and Physiology#, Tokyo Women's Medical
College, 8-1 Kawada-cho, Shinjuku-ku Tokyo, Japan
Intrathecal injection of 50pg baclofen suppressed central
pain in post stroke patients (Taira 1994). Substantial pain
relief (pain score 1-2/10 ) lasted for 12-24 hours in five of
six patients. On the contrary, somatic sensation and motor
control were not impaired by intrathecal baclofen. First, we
investigated the discrepancy in effects of baclofen on pain
and somatic sensation. Field potentials evoked by sciatic
nerve stimulation were recorded in the dorsal horn of the
spinal cord in anesthetized rats. Early components (within 2
ms latency) of field potentials evoked by low intensity
stimulation were not affected by application of 15pg
baclofen. The early components of field potentials recorded
in this experiment may involve single or a few synapses. In
contrast, the amplitudes of late components (80 ms latency)
evoked by high stimulus intensity decreased to 55% of the
control value. Next, using the H reflex, we demonstrated
that 15 pg baclofen had no effect on H wave amplitude. The
results suggest that baclofen, in the spinal cord, has little
effect on single synaptic responses. This may account for
the discrepant effects on pain, somatic and motor control.
gaba
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INTERACTIONS BETWEEN LOW THRESHOLD MECHANORECEPTORS
AND
NOCICEPTORS
DURING
SECONDARY
HYPERALGESIA.
F. Cetvero* and J.M.A. Laird. Department of Physiology and Pharmacolooy,
University of Alcala de Henares, 28871 Madrid, Spain.
Hyperalgesia states are characterized by an increase in the pain evoked by
nociceptor stimulation and by a central alteration in the processing of lowthreshold meohanonecepton input such that their stimulation evokes pain
(allodynia). In this study we have examined if stimulation of low-threshold
mechanoneoeptons from an area of secondary hyperalgesia could evoke
nociceptor activity expressed as local vasodilatations (axon reflexes).
Experiments were conducted on normal human volunteers. Cutaneous
blood flow and temperature in two different points were measured with a Laser
Doppler instrument. Hyperalgesia was induced by the application of mustard
oil (25%) or by intradermal injections of capsaicin (25-50 pg) in the volar skin
of one forearm. Stimulation of low threshold meohanoneoeptons was achieved

by brushing or stroking the skin. Pain ratings (VAS) and simultaneous
recordings of blood flow and skin temperature were obtained.
Stimulation of low threshold mechanoneceptons in normal skin before the
induction of secondary hyperalgesia or outside these zones once induced, did
not evoke changes in skin blood flow. However gentle stimulation of the skin in
areas of secondary hyperalgesia evoked painful sensations as well as
localized increases in blood flow. These changes required continuous low
intensity mechanical stimulation and outlasted the duration of the stimulus.
Cooling the area of primary hyperalgesia reduced the vascular responses and
the pain sensation evoked by gentle mechanical stimulation. These ' results
show an interaction between low threshold meohcnoneoeptons and nociceptors
appearing simultaneously with the development of the central changes of
secondary hyperalgesia. Support: DGICYT APC-93-0102 and PB-93-0491.

643.7
CHANGES IN SKIN AND MUSCLE SENSITIVITY IN DYSMENORRHEIC VS
NORMAL WOMEN AS A FUNCTION OF BODY SITE AND MONTHLY CYCLE. MA
Giamberardino*. K.J. Berkley*. S. lezzi. P. de Bigontina, L Vecchiet, Inst. of Medical
Pathophysiology, G. D'Annunzio Univ., 66100 Chieti. Italy and Program in
Neuroscience. Florida State Univ., Tallahassee, FL, USA.

Changes were investigated in skin and muscle sensitivity of 7 dysmenorrheic vs 7
normal women as a function of body site inside and outside the metameric field of
reproductive organs and monthly cycle. Pain thresholds to electrical stimulation were
measured for two abdominal areas (inside reproductive field—symmetrical sites of the
left and right rectus abdominis and overtying skin, 4 cm lateral to the navel) and for two
limb areas (outside reproductive field—deltoid and quadriceps and overlying skin of
one side). Measurement was repeated 4 times during a 28-day cycle; i.e., on days 26, during menstruation (phase a); 12-16, periovulatory ' (phase b); 17-22, luteal (phase
c); 25-28, premenstrual (phiase d).
Presence of dysmenorrhea: thresholds in dysmenorrheic women were normal in skin
but lower than normal in muscle in every site with a significant difference for the
abdomen in all phases and for the deltoid in phases a and b. Body site: in
dysmenorrheic and normal women muscle thresholds were lower in the abdomen than
in the limbs. Cyclic variations: in dysmenorrheic and normal women the highest
threshold value was in the luteal phase (phase c) for both skin and muscle while the
lowest occurred periovulatorily (phase b) for skin and perimenslrually (phases a or d)
for muscle. This monthly trend was significant in muscle in every site for dysmenorrheic
women but only in the abdomen for normal women.
Hyperalgesia is evident in muscle but not in skin both inside and outside the
metameric fields of reproductive organs for dysmenorrheic women but only inside them
for normal women. Sensitivity increases periovulatorily in skin and perimenstrually in
muscle and decreases in the luteal phase for both tissues regardless of body site and
dysmenorrhea status, but a significant monthly rhythm appears only in hyperalgesic
areas. (KJB was supported by funds from NIH grant NS 11892; all other authors were
supported by funds from CNR FATMA grnait94.00671.PF41).
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EFFECTS OF UNILATERAL NUCLEUS TRACTUS
SOLITARIUS LESIONS ON CENTRALLY-MEDIATED
HYPERALGESIA. E.P. Wiertelak* & B. Roemer. Dept. of
Psychology, Macalester College, St. Paul, MN 55105.

PROJECTION OF MET-ENKEPHALIN NEURONS TO NORADRENERGIC
CELLS IN THE DORSOLATERAL PONTINE TEGMENTUM: A POSSIBLE
ROLE IN MODULATING NOCICEPTION. J.E. Holden* and H.K. Proudfit,
Dept. of Pharmacology, Univ. of Illinois at Chicago, Chicago, IL 60612
The dorsolateral pontine tegmentum (DLPT) plays a major role in
modulating nociception. Neurons in the ventromedial medulla (VMM)
project to the DLPT and activate spindly-projecting neurons which
modify nociceptive stimuli. We recently demonstrated that a population
of these VMM neurons are immunorecotive for methionine-enkephalin
(mENK) and can be retrogradely labeled from the DLPT. Met-Enk
terminals were also found in apposition to tyrosine hydroxylaseimmunonecctive (TH) cells in the DLPT, suggesting that mENK cells
from the VMM innervate noradrenergic cells in the DLPT.
To verify these findings, iontophoretic injections of the anterograde
tracer, Fluoro-Ruby (FR), were made into the VMM. Axons from cells in

Endogenous hyperalgesia circuitry can be activated in response to a
variety of aversive events. Specifically, illness-causing agents (such as
emetics or pyrogenics) have been shown to produce internal aversive
occurrences that result in the enhancement of pain sensitivity as
measured by the tail-flick test (TF). Recent evidence has also shown
that s.c. formalin (right hindpaw) activates a centrifugal pathway that
results in hyperalgesia measurable using the TF test. While the neural
circuitry responsible for these centrally mediated hyperalgesias has
only recently come to be investigated, current evidence strongly
suggests that illness-induced hyperalgesia originates in the viscera at
vagal terminals, implicating that the ascending message may involve
mediation in the hind brain at the nucleus tractus solitarius (NTS).
The present studies investigated the possibility that lesions
(unilateral, electrolytic) of the NTS would disrupt centrally mediated
hyperalgesias. After a recuperative period, pain responsivity was
tested in lesioned and sham-lesion control animals following injection
of lipopolysaccharides (LPS; intraperitoneal, IP; pyrogenic) lithium
chloride (LiCl; IP, emetic), or formalin (right hindpaw; irritant).
Preliminary results indicate that NTS lesions disrupt hyperalgesias
produced by LPS and LiCl, but not formalin. Supported by
NIH/NIDA grant 1R29DA09289-01 to EPW.
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the VMM were double-labeled with both FR and mENK. These doublelabeled axon terminals were found in apposition to TH cells in the
DLPT. A number of double-labeled terminals were also found in other
areas known to participate in antinociception, including the pcrcbncohicl
region, the nucleus reticularis pontis oralis (RPOo) and the subcoeruleus
region. These findings suggest that the VMM mENK neurons that
innervate spindly-projecting noradrenergic cells in the DLPT are involved
in modulating nociception. (Supported by USPHS grant DA03980,
National Institute on Drug Abuse and NR07075-03, National Institute of
Nursing Research).
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SUBCUTANEOUS FORMALIN INDUCED ACTIVITY OF ON- AND
OFF-CELLS OF THE ROSTRAL VENTROMEDIAL MEDULLA.
V. Tortorici*. E. V&squez and H. Vanegas. Institute Venezolano de Investigaciones
Cientificas (IV1C), P.O. Box 21827, Caracas 1020A, Venezuela.
The formalin (FOR) test is widely used to measure behavioral responses to a
long-lasting nociceptive stimulus capable of eliciting a sequence of pain-related
events characterized by an early (acute) phase and a late (tonic) phase, but the neural
mechanisms involved have not been clearly identified electrophysiologically. This
study evaluates the possible role of medullary on- and off-cells, which are putative
nociception-modulating neurons that project to the spinal cord, during the time
course of the effect of FOR.
The activity of medullary neurons was recorded in rats during application of
noxious heat to the tail or noxious pinch to a paw. Thiopental anesthesia kept the
animals free from signs of pain or discomfort while stable responses to noxious
stimulation occured. On- and off-cells were characterized, since on-cells increase and
off-cells stop their firing just before tail-flick or immediatly after noxious pinch.
Thereafter FOR (100 pi, 10%) was subcutaneously injected in one of the hindpaws
and the responses of the on - and off-cells were studied for 65 min.
FOR produced both early and late excitatory responses on the firing frequency
(358.64 and 242.54% respectively) in all the on-cells tested, but only inhibition of
activity (61.12%) during the early phase in the off-cells. 'During the late phase the
off-cells showed only a reduction of 16.67% in their firing frequency. This suggests
the existence of a new possible balance of activity between the two classes of
neurons, probably induced by the tonic situation, in which the supressive effect of
off-cells during the late phase probably is not sufficcient to cause inhibition of oncells. Also, the interphase period, behavioraly defined as a zone of no pain, can be
the result of the continuous firing observed during this interval in the off-cells.
(Supported by grant SI-2672 of CONICIT).

EFFECTS OF “DEEP MUSCLE PAIN” ON TRIGEMINAL MOTONEURONS AND
INTERNEURONS DURING FICTIVE MASTICATION.
K-G. Westbere*. P. Clavelou. G. Schwartz. J.P. Lund. C. Valiquette. CRSN and Fac.
M6d. Dent., Univ.de Montreal, Qu6bec, H3C 3J7, Canada.
Evaluation of data from clinical studies show that chronic muscle pain is not
associated with tonic hyperactivity, as postulated by the vicious cycle theory. Instead,
resting EMG activity appears normal. During function, agonist activity is less than
normal, while antagonist activity tends to rise slightly. Experimental pain causes
similar changes in muscle activity in man and animals. The specific aim of the present
study was to evaluate how nociceptive muscle inputs act on the brainstem oro-facial
motor circuitry during masticatory movements. Rabbits were anaesthetized with
halothane, decerebrated at the precollicular level and paralyzed. Fictive mastication
was evoked by repetitive stimulation of the cortico-bulbar tract and monitored in the
trigeminal motoneuron subnuclei. Muscle pain was induced by injections (160pl) of
hypertonic saline (5%) into the deep portion of the masseter muscle. Changes in the
masticatory motor pattern and the firing properties of interneurons located in the oral
subnucleus of the spinal trigeminal tract, were simultaneously analyzed before, during
and after fictive mastication induced in the presence or absence of the noxious
stimulations. Our results show that muscle nociception reduces the masticatory
frequency and the frequency of discharge of the jaw motoneurons. Clear modifications
of the firing frequency were also observed in 11 out of 13 interneurons that were
rhythmically active during fictive mastication. An increased firing frequency was the
main finding. Our results suggest that muscle nociceptive inputs adapt the movement
pattern through actions on the rhythm and burst generating components of the
brainstem central pattern generator for mastication.
Supported by a Group Grant from the Canadian MRC, the Swedish MRC and
Glaxo-France.

644.6

644.5
THE ROLE OF THE ROSTROVENTRAL MEDULLA (RVM) IN I.V.
SEROTONIN PRODUCED INHIBITION OF THE TAIL FLICK (TF)
REFLEX IN RATS. C.L. Thurston*. J.T. Ranieri, D.
Barnes-Noble. Dept. Biomedical Sciences, Univ. South
Alabama, Mobile, AL 36688.
I.v. administration of serotonin inhibits the TF
reflex through activation of vagal afferents.
Previous
studies with electrical stimulation of vagal afferents
showed that vagal stimulation inhibits OFF cells and
excites ON cells of the RVM at intensities that inhibit
the TF reflex. The current study examined the possible
role of the RVM in i.v. serotonin-induced
antinoc icept ion.
Serotonin dose-dependently attenuated the TF reflex
and produced the Bezold-Jarish reflex.
Lidocaine
microinjections into the RVM attenuated the inhibition
of the TF reflex produced by 80 pg serotonin.
Electrophysiological recordings in the RVM showed that
serotonin predominately inhibits OFF cells and excites
those ON cells with low background activity.
Bilateral
cervical vagotomy decreased the background activity of
OFF cells and increased the background activity of ON
cells and attenuated the serotonin-produced changes in
neural activity. These findings are similar to the
earlier findings with electrical stimulation of vagal
afferents.
Supported by NIH grant NS31495

ANTINOCICEPTION AND IMMOBILITY PRODUCED BY
MICROINJECTION OF LOW DOSES OF KAINIC ACID INTO THE
RVM OF THE RAT. M.M. Morgan*. P.K. Whitney, M.E. Thompson.
& L. Springmeyer. DepL of Psychology, Washington State Univ.,
Vancouver, WA 98663.
The pathway for modulation of nociception from the periaqueductal
gray to the rostral ventromedial medulla (RVM) to the spinal cord has
been well characterized. Antinociception mediated by this circuit
appears to be part of a defensive reaction. For example, activation of
the ventrolateral PAG produces both antinociception and immobility.
Because the PAG projects to the RVM, the present study examined
whether the RVM is part of the pathway mediating immobility.
Male Sprague-Dawley rats were chronically implanted with a guide
cannula aimed at the RVM and injected with low doses of kainic acid
(4, 20, & 40 pmol in 200 nL) or saline. Microinjection of kainic acid
into the RVM produced a dose' dependent inhibition of locomotion in
the open field test (i.e. no effect with 4 pmol vs a maximal effect with
40 pmol) even though rats were capable of movement. Moreover,
immobility in the open field was consistently associated with
antinociception on the hot plate test.
The immobility and antinociception seen in the present study are
similar to the effects produced by activating neurons in the ventrolateral
PAG and suggest, along with anatomical and physiological data, that
these behaviors are mediated via a ventrolateral PAG to RVM pathway.
Presumably, the PAG and RVM are part of an integrated defense circuit
coordinating responses to potentially life threatening situations.
Funded by a grant from the Washington State University Alcoholism
and Drug Abuse Program.
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DISTRIBUTION
OF
TYROSINE
HYDROXYLASE
IMMUNOREACTIVE
(TH-IR)
APPOSITIONS
ONTO
PHYSIOLOGICALLY IDENTIFIED NEURONS IN THE RAT
ROSTRAL VENTROMEDIAL MEDULLA. X. Mene,* B. Budra. K.
Skinner. H.L. Fields. Dept. of Neurology and the William B. Keck Center for
Integrative Neuroscience, UCSF, San Francisco, CA 94143
TH-IR fibers and terminals are present throughout the rostral ventromedial
medulla (RVM) and the activity of RVM neurons is influenced by noradrenergic
inputs. There are two classes of putative pain modulating neurons in RVM: on-cells
and off-cells, which respectively burst or pause prior to withdrawal reflexes. On-cells
respond to iontophoretic application of noradrenaline (NA) and other alpha-adrenergic
receptor agonists. To better understand the contribution of NA to the control of
RVM neurons, we analyzed the anatomic distribution for catecholaminergic
termination upon these two physiological cell classes in RVM.
On- and off-cells were identified by the change in their discharge rate in
relation to nociceptive withdrawal reflexes and labeled by intracellular injection of
neurobiotin in the lightly anesthetized rat. Sections containing labeled cells were
visualized with a Texas red fluorophore conjugated to avidin and were subsequently
processed for TH-IR using goat anti-rabbit IgG as a secondary antibody conjugated to
a Bodipy fluorophore. The distributions of the . two fluorophores were then mapped
using a confocal laser scanning microscope (BIORED 600).
Seven RVM neurons (4 on, 3 off) were intracellularly labeled. Each onand off-cell had a number of close TH-IR appositions. Appositions more commonly
occurred on dendrites than on the somas of on-cells. There was a trend toward greater
average density of TH-IR appositions onto on-cells.
These observations provide evidence that putative pain modulating neurons
in RVM receive direct noradrenergic inputs.
(This work is supported by NIH grant NS 21445)

GABAa receptor
subunits
on bulbospinal
neurons
of the
RAT. A .T. Hama1*. J.M. Fritschv2, W. Sieghart3 and D.L. Hammond1. ‘Dept.
Anes. & Crit. Care, Univ. Chicago, Chicago, IL USA 60637,2Inst. Pharmacol.,
Univ. Zurich, CH-8057 Zurich, Switzerland, 3Dept. Biochem. Psychiat., Univ.
Clinic Psychiat., A-1090 Vienna, Austria.
Microinjection of GABAa receptor ligands in the n. raphe magnus (NRM)
or n. reticularis gigantocellularis pars a (NGCpa) modulates nociceptive
sensitivity. It is not known whether these effects are mediated by spinallyprojecting neurons of the NRM and NGCpa. This study examined whether
neurons of the NRM and NGCpa that project to the spinal cord also possess
GABAa receptors. Male S-D rats were perfused with 4% paraformaldehyde
10-14 days after injection of 2% Fluoro-Gold (FG) in the spinal cord. Transverse 25 pm sections were incubated in rabbit anti-serotonin (5HT) antiserum
and either guinea pig anti-a, (1-16) subunit or guinea pig anti-a3 (1-15)
subunit antibodies. Other sections were incubated in goat anti-5HT antiserum
and rabbit anti-a, (1-9) subunit antibodies. Primary antisera were visualized
using CY3- or FITC-linked secondary antibodies. Neurons in the NRM and
NGCPa were immunoreactive (IR) for the a, subunit, but none of these
neurons were IR for 5HT. Of the a,-IR neurons, a portion projected to the
spinal cord as indicated by the presence of FG. NRM and NGCPa neurons
were also IR for the a3 subunit. Many, but not all of these neurons were also
IR for 5HT. A portion of both populations of a3-IR neurons contained FG.
The differential distribution of a, and a3 subunits, which confer different
pharmacologic properties to GABAa receptors, suggests that NRM and
NGCpa neurons that project to the spinal cord may be modulated by different
types of the GABAa receptor. Supported by DE1 1423 and DA07255.
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644.9
MORPHINE AND SOMATOSTATIN INTERACT TO REDUCE FOS-LI
WITHIN TRIGEMINAL SUBNUCLEUS CAUDALIS AFTER CORNEAL
STIMULATION IN THE RAT. DA Bereiter• and B H Tonnessen. Depts. of
Neuroscience & Surgery, Brown Univ/RI Hospital, Providence, RI 02903
Corneal stimulation at noxious intensities produces Fos-like immunorcactivity

(Fos-LI) in two spatially distinct transition regions of the spinal lrigeminal
nucleus (ViNc and Ve/Cl). Fos is the protein product of the immediate early
gene c-fos and is a reliable marker for nociceptive-responsive neurons in the
medullary dorsal horn. Morphine and somatostatin have been implicated as
putative mediators of antinociceptive behavior among central trigeminal neurons.
To assess the role of mu opioid and somatostatin receptor activation on Fos-Ll,

morphine (0.01-IO nmol) or octreotide (long-acting somatostatin analog, 0.1-1

nmol, icv) was given alone or in combination 20 min prior to corneal application
of mustard oil to male rats anesthetized with pentobarbital. Mean anerial pressure
(MAP) and bean rate (HR) were monitored in all groups. Neither morphine nor
octreotide affected Fos-LI at the periobex ViNc level, in ventrolateral medulla or
NTS. In contrast, both morphine and octreotide caused a dose-related decrease (P <
0.01) in Fos-LI among laminae I-II neurons at the Vc/C I transition level.

Combined morphine (0.01 nmol) plus octreotide (1 nmol) caused a greater
reduction in Fos-Ll in laminae 1-11 at Ve/Cl than the additive effect of each drug

alone. Morphine attenuated the MAP and HR responses to corneal stimulation in
a dose-related manner, whereas octreotide had no consistent effect when given
alone or in combination with the lowest dose of morphine. The magnitude of
Fos-LI among laminae I-II Ve/Cl neurons was well-correlated with the MAP
response to corneal stimulation under different doses of morphine (r = 0.63, P <
0.01), but not after octreotide. The results indicate that morphine and
somatostatin interact centrally to reduce the expression of c-fos among cornealresponsive Ve/Cl neurons, but not ViNc neurons. The neural substrate that
mediates the apparent interaction between morphine and somatoslatin and c-fos
expression is separate from that whlCh mediates the autonomic responses to
corneal stimulation. Supported by NIH grant NS 26137.

PAIN MODULATION:

645.1

REPETITIVE STIMULATION AND NALOXONE FOLLOWING
OPIOID EXPOSURE INDUCE NMDA RECEPTOR-DEPENDENT
LONG TERM POTENTIATION (LTP) IN ISOLATED RAT SPINAL
CORD. J -0. Feng and J. J. Kendig*, Dept. of Anesthesia, Stanford Univ.
Sch. of Medicine, Stanford, CA 94305
Recent evidence suggests that hyperalgesia induced by prolonged
noxious stimulation and by precipitated withdrawal from opioids may
have mechanisms in common. In isolated neonatal rat spinal cord, a
prolonged (30 min or longer) significant increase in area of a nociceptiverelated slow ventral root potential (sVRP) was induced by either tetanic
(IO s·', I min) stimulation to a dorsal root (124% of control ± 22.4, mean
± SD, N=28) or by naloxone 200 nM following morphine 200 nM
(142± 17.5, N=6) or alfentanil 200 nM (148%±29.2, N=I 1). MK-801 20
nM had no effect on sVRP area alone but given before the tetanus or
coadministered with the opioids blocked the increase in sVRP area
induced by either tetanic stimulation or opioid. MK-801 20 nM shifted
the morphine dose-response curve for sVRP depression significantly to
the left. The results are consistent with a prolonged NMDA receptormediated excitatory effect exerted by repetitive stimulation and by µ
opioid exposure. The phenomenon may represent the first step in a central
sensitization that underlies both tolerance and neuropathic pain.

645.3
DIFFERENTIAL INVOLVEMENT OF EXCITATORY AMINO
ACID RECEPTORS IN MEDIATING HYPERRESPONSIVENESS
OF DORSAL HORN NEURONS IN NEUROPATHIC RATS. J.W.
Leem* E.S. Park E.J Choi T S. Nam and K.S. Paik. Dept. of
Physiology, Yonsei Univ. Col. Med., SEOUL, 120-752, Korea.
The aim of this study is to investigate the roles of excitatory amino
acid (EAA) receptors in enhanced responses of spinal dorsal horn
neurons to mechanical stimuli seen in neuropathic rats.
Neuropathic rats were made by an unilateral ligation of L5-6 spinal
nerves. Activity of wide dynamic range (WDR) lumbar dorsal horn
neurons evoked by brush and pinch stimulation of the receptive field
(RF) was recorded, and effects of iontophoretically applied EAA
receptor antagonists on mechanically evoked responses were tested.
Comparison was made between neuropathic and normal rats.
Both brush-evoked and pinch-evoked responses of WDR neurons
were enhanced in neuropathic rats, as compared to in normal rats.
Enhanced brush-evoked response was suppressed by AMPA, nonNMDA antagonist, whereas enhanced pinch-evoked response was
suppresed by AP-5, NMDA antagonist. No suppression by either
antagonist was observed in normal WDR neurons.
The results implicate that enhanced response to non-noxious
mechanical stimulus is mediated by non-NMDA receptor whereas that
to noxious one is by NMDA receptor in this rat model of peripheral
neuropathy. (Supported by a Grant from KOSEF)
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645.2
PHARMACOLOGICAL CHARACTERIZATION OF N-METHYL-0ASPARTATE (NMDA) RECEPTORS IN SPINAL CORD OF NORMAL
AND NEUROPATHIC RATS H. Wei• L.B. Jakeman and D.W. Bonhays.
Syntex Research, Palo Alto, CA 94304
Spinal cord NMDA receptors play a key role in nociception and in the
sensitization of neurons following nociceptive input (wind up). Thus,
NMDA receptor antagonists with selectivity for spinal cord receptors may
be useful analgesics and may prevent the development of hyperalgesia
or allodynia following nerve injury. We characterized the NMDA receptors
present in spinal cords of rats with a painful neuropathy of the left hind
foot (the "Bennett" model). Receptors were characterized in membrane
homogenates and by receptor autoradiography using [3HJMK 801 or
[3H]TCP. No difference in the density of NMDA receptors was detected
between normal and neuropathic rats in the L4-L5 region of the spinal
cord (fmol/mg protein equivalent; mean :': sem).
right dorsal horn
Left dorsal horn
64.8 :': 6.8
69.6 + 6.6
N=6
control
71.9:':2.7
74.9 ~ 6.9
neuropathic
N=6
However, spinal cord NMDA receptors could be distin\l,uished from those
in brain cortex. Spermidine allosterically increased [ H]TCP binding to
NMDA receptors in brain cortex membranes (39:':8%) but had no effect
on [3 H]TCP binding to spinal cord membranes (2:':1%). In this regard
spinal cord NMDA receptors resembled those in the cerebellum (0:':2%).
These findings indicate that while there may be no change in the density
of spinal cord NMDA receptors in neuropathic rats, spinal cord NMDA
receptors can be distinguished from receptors in the cortex. Thus, H may
be possible to develop NMDA receptor antagonists with selectivity for the
spinal cord.

645.4
NMDA RECEPTORS INVOLVEMENT IN MORPHINE BUT NOT
OXOTREMORINE-INDUCED ANALGESIA. v. Cestari C. RossiArnaud•0 and F. Pavone". Universita "La Sapienza", Dip. di Genetica e
Biologia Molecolare, 00185 Roma, Italy. Universitl "La Sapienza",
FacoltA di Psicologia, 00185 Roma, Italy, "Ist. di Psicobiologia e
Psicofannacologia (C.N.R.) - 00198 Roma, Italy.
Recent results show an involvement of the glutamatergic system in
modulating pain responses in animals. A number of data show that the
activation of the NMDA receptors plays an important role in chronic pain
and spinal nociceptive processes.
Two groups of experiments were carried out in order to investigate if
NMDA receptors were involved in the well known analgesic response
induced by the stimulation of the cholinergic or the opioid systems. In a
first group of experiments, CD! mice were injected with the noncompetitive NMDA receptor antagonist MK-801 (0.075, 0.1, 0.125, 0.15
mg/kg, i.p.) and 15 minutes later with vehicle or oxotremorine (0.03
mg/kg, i.p.). After 15, 30 and 60 minutes from the second injection, they
were tested in the tail-flick test. The results showed no significative
effects on pain sensitivity of mice injected with MK-801. Moreover, MK801 did not significantly modify the analgesic effect of oxotremorine. On
the other hand, the results of a second group of experiments showed that
the antinociceptive response induced by the administration of morphine
(5, 10 mg/kg , i.p.) was potentiated by MK-801 (0.075, 0.1, 0.125, 0.15
mg/kg, i.p.). The present results support the hypothesis that the
glutamatergic system is involved in the antinociceptive effects induced by
the stimulation of the opioid system, while they seem to rule out that in
our experimental conditions NMDA receptors mediate the analgesic
response due to the cholinergic activation.
0
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645.5

NMDA ANTAGONIST,
MK-801,
BLOCKS THE DJVEaOLMENT OF
TOLERANCE ' TO SWIM STRESS-INDUCED ANALGESIA IN MICE. John
M. Owen*. Michael W. Havdel and Anthony L. Vaccarino.
Department of Psychology, University of New Orleans, LA
70148.
Several lines of evidence indicate a critical role of
the
W-methyl-D-aspartate
(NDDA )
in
the
development of tolerance to morphine-induced analgesia.
The present study examined the involvement of the NMDA
receptor in the development of tolerance to swim stressinduced analgesia (SSIA). To examine the development of
tolerance to repeated stress, male Swiss mice were swum
individually for 3 minutes daily in water maintained at
32°C for 15 days. A control group was swum on day 1 and
day 15 day only. Pain sensitivity was assessed on day 1
and day 15 in the hot-plate test
(56°C)
prior to
(baseline) and after swim stress. The latency to hindpaw flick was measured and a cut-off period of 60
seconds was imposed to avoid tissue damage. To examine
the role of the NMDA receptor, mice were injected with
either MK-801 (0.075 mg/kg, i.p.) or saline 15 minutes
prior to swimming on days 1-14. Control mice also
received daily injections of MK-801 or saline. Repeated
stress
was
found
to
produce
tolerance
to
SSIA.
Pretreatment with MK-801 prevented the development of
tolerance to SSIA. These results suggest that tolerance
to SSIA is mediated in part by the NMDA receptor. This
research was supported by a LSU Neuroscience Incentive
Grant.
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645.6
N-METHYL-D-ASPARTATE AND NEUROKININ RECEPTORS ARE CRITICAL FOR THE INDUCTION OF LONG-TERM POTENTIATION OF CFIBER-EVOKED FIELD POTENTIALS IN RAT SPINAL DORSAL HORN.
J. Sandkiihler, X.-G. Liu and M. Zimmermann*. II. Physiologisches Institut,
Universitat Heidelberg, 69120 Heidelberg, FRG.
Long-term potentiation (LTP) of C-fiber-evoked field potentials in spinal
dorsal horn may underly the prolonged central changes of nociception. In this
work the roles of N-methyl-D-aspartate (NMDA) and neurokinin (NK1 and
NK2) receptors for the induction of LTP were evaluated by superfusion of rat
spinal cord with selective agonists and antagonists of NMDA and neurokinin
receptors. Superfusion of spinal cord with NMDA receptor antagonist D-()4-(3-phosphonopropyl)piperazine-2-carboxylic (D-CPP, 500 nM) for 30 min
before and for 30 min after conditioning tetanic nerve stimulation had little
effect on the amplitude of C-fiber-evoked potentials but completely blocked
LTP in all 5 rats tested. Superfusion of spinal cord with NMDA (1 gM, 10 gM
or 50 gM) induced LTP in only 2 out of 8 rats. Superfusion of the spinal cord
with the NK1 receptor antagonist RP 67580 at 5 gM inhibited the amplitudes
of C-fiber-evoked potentials by 60% but had no effect at 1 gM. NK2 receptor
antagonist SR 48968 at 100 nM depressed the amplitudes of C-fiber evoked
field potentials by 80% but had no effect at 10 nM. The superfusion of spinal
cord with RP 67580 (1 gM) performed for 30 min before and for 30 min
after tetanic stimulation blocked the induction of LTP completely in all 5 rats
tested. Superfusion with SR 48968 (10 nM) blocked LTP in 5 out of 7 rats
tested. The superfusion of spinal cord with substance P at 1 gM, 10 gM and
100 gM never induced LTP in 5 rats tested. In conclusion, the activitation of
NMDA or neurokinin receptors is necessary but not sufficient to induce LTP
of C-fiber-evoked field potentials in rat spinal dorsal horn. Supported by the
Deutsche Forschungsgemeinschaft,.

645.7

645.8

CONTRIBUTIONS OF NMDA RECEPTORS TO
HYPERALGESIA
INDUCED BY INJECTION OF MUSTARD OIL INTO THE ANKLE JOINT OF
THE SPINALIZED RAT. E. Silva. C.L. Cleland* and G.F. Gebhart. Depts of
Pharmacology, and Physiology and Biophysics, Univ. of Iowa, Iowa City, IA
52242 and Dept of Physiology, Universidad de los Andes, Merida, Venezuela.
Hyperalgesia is a pathological state in which noxious stimulation evokes
greater amounts of pain. Numerous studies have implicated NMDA receptors
in experimental models of hyperalgesia. The goal of these experiments was
to determine if NMDA receptors preferentially mediate hyperalgesic
nociception over acute nociception in a spinal model of hyperalgesia.
Rats were anesthetized with pentobarbital (45 mg/kg). Their spinal cords
were transected at T8-T9, an electrode was placed on the sciatic nerve, and
either an intrathecal catheter was inserted at T8 and guided to L1-L2 or a
catheter was implanted in the jugular vein. The following day, hyperreflexia
was induced by injection of 10 gl of mustard oil into the ankle joint, which
caused a rapid onset, long lasting facilitation of the flexion withdrawal reflex
elicited by C-fiber intensity (10 mA) electrical stimulation of the sciatic nerve
and measured by recording the EMG in the hamstring muscles. NMDA
antagonists, APV (i.t.) and ketamine (i.v.), were administered 21 minutes
following mustard oil injection or, for control experiments, in the absence of
mustard oil injection into the ankle.
APV (0.1-100 nmoles) and ketamine (0.05-10 mg/kg) dose-dependently
inhibited both the hyperreflexive and the baseline responses. The ED50 for
APV was approximately 20 nmoles for both hyerreflexia and baseline
responses, although the ED5, for ketamine was slightly less for hyperreflexive
(~2 mg/kg) than for baseline (~5 mg/kg) responses. These results
demonstrate that NMDA receptors are involved in both acute and mustard oilinduced hyperreflexive nociception in spinalized rats.

MODULATION OF SPINAL VISCERAL NOCICEPTIVE TRANSMISSION BY
SPINAL NMDA RECEPTOR ACTIVATION IN THE RAT - R. Kolhekar* and
G. F. Gebhart, Dept. of Pharmacologg, Univvrsity of I owa, I owa City, I A
52242.
Modulation of responses of L6-S2 spinal neurons to colorectal
distention (CRD; 20-80 mmHg, 30s) was examined following activation of
spinal NMDA receptors in pentobarbital-anesthetized rats. Neurons were
recorded extracellular^ and drugs (0. 1-1 pmoles) were administered by
pressure ejection from a multibcrrbl-blbotrgdb assembly. Administration of
NMDA as well as D-serine, but not saline, in the vicinity of neurons
responsive to CRD produced significant increases in the magnitude of
neuronal responses to CRD as well as neuronal discharges after the
termination of CRD. NMDA also increased the gain of the stimulus
intensity-encoding functions of neurons to CRD and lowered thresholds
for neuronal responses to CRD. Convergent cutaneous receptive fields of
viscerosomatic neurons responsive to CRD also showed expansion after
administration of NMDA or D-serine. All of the above facilitatory effects
were produced within 30s-4 min of NMDA or D-serine administration and
were blocked by ^administration of D-APV or 7-CK, respectively.
Repeated high-intensity electrical stimulation (10 mA, 30s, 1 Hz) in
convergent cutaneous receptive fields of neurons responsive to CRD
produced a facilitation of neuronal responses to subsequent noxious CRD
in a D-AhV-tbnsitivb manner.
Taken together, these results demonstrate that excitatory amino
acids acting at spinal NMDA receptors enhance spinal transmission of
visceral nociceptive input. Spinal NMDA receptors are therefore implicated
in the generation of aypbrexoitchility phenomena manifest as visceral
hyperalgesia, allodynia and expanded referral of visceral pain.

645.9

645.10

2-AMINO-5-PHOSPHONOVALERIC ACID(AP5)
BLOCKS
COLORECTAL SENSITIZATION BY TURPENTINE. Y.Ide*, Y.
Maehara, S. Tsukahara, L. M. Kitahata, and J.G. Collins, Anes. Dept.,
Yale University School of Medicine, New Haven, CT 06510
The aim of this study was to examine possible involvement of NMDA
receptors in the development of the inflammatory-induced sensitization of
the colon by turpentine.
Under pentobarbital anesthesia (40 mg/kg IP), Sprague-Dawley rats
were prepared with a laminectomy from T12 to LI for intrathecal
administration of AP5. Physiological parameters were maintained within
normal limits. Animals were divided into two groups, control group with
50 g1 of saline(NS) and AP5 group(AP5) with 10 mM AP5 in 50 fA saline.

ADRENAL MEDULLARY TRANSPLANTS ATTENUATE SPINAL CORD
cGMP PRODUCTION IN RESPONSE TO PERIPHERAL NERVE INJURY.
J.B.Siegan*AT.Hama. and J.Sagen. Dept of Anatomy and Cell Biology, Univ.
of Illinois at Chicago Medical Center, Chicago, IL 60612.
NMDA receptor activation has been shown to result in a Ca2+ dependent
increase in cGMP through the production of nitric oxide. In the spinal cord, this
cascade of events has been implicated in the persistence of pathological pain
following injury. Previous studies in our laboratory have demonstrated that the
transplantation of adrenal medullary tissue into the spinal cord subarachnoid
space can alleviate chronic pain in animal models. The purpose of this study
was to determine whether adrenal medullary transplants act via attenuation of
cGMP production in spinal nociceptive regions. Neuropathic pain was induced
by unilateral constriction of the sciatic nerve. Two weeks following nerve injury,
rats were transplanted with either adrenal medullary or control striated muscle
tissue in the spinal subarachnoid space. One week after transplantation, dorsal
spinal cord segments (L4-L5, the region of sciatic nerve innervation) were
dissected and assayed for cGMP using routine radioimmunoassay. Results
demonstrated a marked increase in cGMP levels in animals with peripheral
nerve ligation, ipsi^^^eral to the chronic constriction injury. The elevated cGMP
levels were also found in nerve ligated animals with control transplants.
However, chromaffin cell transplants reduced cGMP below basal in nerve
injured and intact (non-lesioned) animals. These results demonstrate that
cGMP production can be significantly reduced via adrenal medullary
transplants, paralleling the transplant-mediated attenuation of chronic pain. In
summary, the results suggest that adrenal 'medullary transplants may intervene
in the cascade of events initiated via the activation of NMDA receptors in
pathological pain. Supported by NS25054.

Visceromotor response threshold to CRD was determined during control
study. After the baseline study, AP5 or saline was administered, and 5
min later VMR threshold was determined. Then 1 ml of 25% turpentine
was injected rectally. VMR thresholds were determined every 5 min
thereafter for the remaining 90 min. ANOVA and t-test were used for
statistical analysis. Turpentine treatment in the saline group resulted in a
significant decrease in VMR threshold over the 90-min observation period.
In contrast, animals pretreated with AP5 showed no such reduction in
VMR threshold during the 90-min observation period. These results
suggest that inflammatory disorders of the bowel induced by turpentine
produce sensitization involving spinal sensory mechanisms mediated
NMDA receptors. (Supported by: NIH Grant NS-09871)
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645.12
between

spinal

neostigmine

in sheep

and clonidine

: role

of

oxide . C Tong *. Z Xu . JC Eisenach. The Bowman Gray School of
Medicine of Wake Forest University, Winston-Salem, NC 27157-1009
nitric

Several lines of evidence suggest that a2-adrenergic agonists produce
analgesia after spinal injection in part by causing acetylcholine (ACh) release.
As such, spinal injection of the cholinesterase inhibitor, neostigmine, has
been shown to enhance spinal clonidine-induced antinociception in animals.
Other data suggest the antinociceptive effects of spinally released ACh are
mediated in part by nitric oxide (NO). The current study examined the role of
NO in the clonidine-neostigmine interaction in sheep. Following approval
from the Animal Care and Use Committee, 7 sheep were prepared with
chronic lumbar intrathecal (i.t.) catheters. Dose responses to analgesia
(foreleg withdrawal to noxious mechanical stimulus) were obtained to i.t.
clonidine, i.t. neostigmine, their combination, i.t. n-methyl-l-arginine (NMLA),
i.t. NMLA plus clonidine, and i.t. NMLA plus clonidine and neostigmine.
Treatments were compared by 2-way ANOVA on the dose responses and by
1-way ANOVA on the calculated ED50 for each treatment, with P<0.05
considered
significant.
I.t.
clonidine
produced
dose-dependent
antinociception, whereas i.t. neostigmine and NMLA were without effect.
Neostigmine significantly enhanced clonidine antinociception. NMLA did not
affect clonidine-induced antinociception, but blocked the interaction between
clonidine and neostigmine. These data agree with previous data in sheep that
spinally administered a2-adrenergic agonists cause antinociception, whereas
there is no evidence of chronic spinal cholinergic tone, such that spinal
neostigmine alone causes antinociception. Similarly, lack of effect of NMLA
alone on antinociception suggests no chronic release of NO in the
unstimulated state.
Supported in part by GM35523.

EFFECTS OF NITRIC OXIDE SYNTHASE INHIBITORS ON THE
OXOTREMORINE-INDUCED ANALGESIA. F.Pavone*. H.Machelska0
and B.Przewlocka0 Inst. Psychobiology and Psychopharmacology, CNR,
Roma, Italy. ° Inst. Pharmacology, PAN, Krakow, Poland.
Recently it has been suggested that nitric oxide could play an
important role in peripheral and central cholinergic analgesia. The
present research was designed to find out whether the oxotremorineinduced antinociception was mediated by nitric oxide. In a first set of
experiments it has been observed that the intraperitoneal injection of
the inhibitors of nitric oxide synthase, NG-nitro-L-arginine methyl
ester (L-NAME) and NG-nitro-L-arginine (N-ARG), in doses of 10 and 20

mg/kg, had no effect on the thermal nociceptive threshold of male CDI
mice. When administered before oxotremorine (0.005, 0.01, 0.02,
0.03mg/kg), L-NAME and N-ARG significantly potentiated the dosedependent analgesic effects of the muscarinic agonist. In a second set of
experiments intrathecal administration in rats of Wistar strain of LNAME (50, 400 |Ltg/5p.l) did not change the nociceptive threshold, but
dose-dependently potentiated the effects of oxotremorine injected i.p.. in
a dose 0.02 pg/kg, both in paw pressure and in tail flick tests. The NO
donor SIN-1 (10,100pg/5pl), without effects when given alone,
antagonized oxotremorine-induced analgesia in both tests used. The
obtained data indicate that nitric oxide exerts an inhibitory action on
cholinergic-induced analgesia and evidenced the pronociceptive effects
of NO in the spinal cord.
Supported by grant K.B.N. Warszawa (N. 0535/P2/93/04)

645.13

645.14

THE CONTRIBUTION OF NITRIC OXIDE AND SUBSTANCE P RECEPTOR ACTIVATION TO
FORMALIN EVOKED SPINAL C-FOS EXPRESSION V. Chapman. J. Buritova. P. Honore
& J.M. Besson*, INSERM U.161. 2 rue d'Alesia. 75014 Paris.

INVOLVEMENT OF NITRIC OXIDE IN PROSTAGLANDIN F2ttINDUCED LONG LASTING ALLODYNIA .
Y.Saito*. Y.Kirihara. K.Hara, M.Kaneko, Y.Yamamori and Y.Kosaka.
Dept. of Anesthesiol., Shimane Med.Univ., Izumo, Shimane 693 Japan
We have reported that intrathecal (i.t.) prostaglandins (PGs) induce
long lasting allodynia (Neurosci. Abst., 1993; Pain, in press). The
present study examined the effect of nitric oxide synthase inhibitor
(NOSI) on the PGF2a-induced long lasting allodynia.
Male Sprague-Dawley rats weighing 300-350 g were used. The
response of the animals to non-noxious mechanical stimulus produced
by Semmes-Weinstein monofilaments (SWM) was graded from 0 (=no
response) to 3 (=vigorous escape and frequent vocalization). Each SWM
was applied at 3 different sites (neck, flank and hip) on the right and left

We have investigated the contribution of substance P and nitric oxide (NO) to
formalin evoked spinal expression of c-Fos. Both of these receptor systems are
strongly implicated in the spinal processing of prolonged, but less so acute,
nociception.
Three hours after intraplantar formalin Fos-immunoreactive (Fos-LI) neurons (total
expression 175±13 neurons per section) were essentially located both in the superficial
(94±6 Fos-LI neurons) and deep (57±6 Fos-LI neurons) laminae of the dorsal horn of
L4-L5 segments of the spinal cord. Systemic administration of 7-Nitro indazole (7NI),
a selective inhibitor of neuronal nitric oxide synthase, 30 minutes prior to intraplantar
formalin, dose relatedly reduced the deep laminae expression of c-Fos. The highest
concentration of 7NI (15mg/kg) significantly inhibited the number of Fos-LI neurons
in the deep laminae of the dorsal horn (42+8% of control expression, p<0.05), in
addition there was a tendency towards a reduction of superficial c-Fos expression.
In the second part of this study the effect of systemic administration of the selective
neurokinin 1 receptor antagonist, RP67580 on formalin evoked c-Fos expression was
studied. RP67580 dose relatedly reduced the number of formalin evoked Fos-LI
neurons in both the superficial and deep laminae of the dorsal horn of the spinal cord,
with 1500pg/kg of RP67580 significantly reducing both the superficial and deep
laminae expression of c-Fos (24±4% and 35±7% reduction of control expression
respectively, p<0.05 for both). In contrast 1500pg/kg of RP68651, the inactive
isomer of RP67580, did not significantly influence formalin evoked c-Fos expression.
Neither 7NI or RP67580 influenced the peripheral formalin evoked inflammation.
These results clearly demonstrate the contribution of both substance P and NO to
inflammatory evoked c-Fos expression at the spinal level, however they also illustrate
that substance P influences noxious events both in the superficial and deep laminae of
the dorsal horn, whereas NO appears to preferentially influence deep laminae neurons.
Since the peripheral inflammatory process was not influenced these effects are probably
due to a central site of action.

side of the body. Agitation score (AS) was calculated as sum of the
scores in six sites. Following the determination of baseline score, NOSI;
NG-monomethyl-L-arginine acetate (L-NMMA ;100-1000 pg) or
normal saline was intrathecally administered 30 min before
(pretreatment) or after (posttreatment) i.t. injection of 100 ng PGF2aMeasurements were repeated for 7 days.
Posttreatment with L-NMMA relieved the increase of ASs induced by
PGF2a in a dose dependent fashion for 60 min and then ASs returned to
the baseline level while saline had no effect on the increase of ASs.
Pretreatment with less than 300 pg of L-NMMA temporarily attenuated
the increase of ASs induced by PGF2a- In most animals, i.t.
administration of PGF2a following pretreatment with 1000 pg of LNMMA did not produce any increases of ASs for 7 days. These results
suggest that NO may participate in the initiation of PGF2a-induced long
lasting allodynia in the spinal cord.

645.15

645.16

ANTINOCICEPTION AFTER AN INTRATHECAL INJECTION OF
W-NITRO-L-ARGININE (L-NAME) IN MICE. A A. Larson* and K.
F. Kitto. Department of Veterinary Pathobiology, University of
Minnesota, St. Paul, MN 55455, U.S.A.
The present study was designed to determine the role of nitric oxide
(NO) in nociception by assessing the effect of L-NAME, a NO synthase
inhibitor, on nociception. Although L-NAME has been found to inhibit
hyperalgesia, antinociception following 5 nmoles of L-NAME was not
observed at 1 or 6 hours after its injection when tested using the hot
plate* tail flick or writhing assays. However, 16 and 24 hr after its
injection intrathecally, L-NAME (10 to 100 nmoles) produced a doserelated inhibition of acetic acid-induced writhing behaviors without
affecting the latency of response to the thermal stimuli of the hot plate or
tail flick assays. Full recovery was observed at 48 hr. L-arginine alone
did not alter nociception, however, pretreatment with 120 nmoles of Larginine completely prevented the antinociceptive effect of 30 nmoles of
L-NAME, suggesting that the effect of L-NAMe was due to its ability to
inhibit NO synthesis. It does not appear that inhibition of NO synthesis
persists for 24 hr as L-arginine, injected 30 min prior to nociceptive
testing, failed to reverse the antinociceptive effect of L-NAME. The
inhibition of writhing by L-NAME was not mimicked by pretreatment
intrathecally with either 10 nmoles of methylene blue, an inhibitor of
guanylate cyclase, or a dose as high as 300 nmoles of D-NAME, the
inactive isomer of L-NAME. Together these data suggest that
antinociception observed 24 hr after injection of L-NAME is brought
about by a transient inhibition of NO synthesis. These data suggest that
NO does not mediate but sustains a normal nociceptive tone along
specific pain pathways. (Supported by NIDA 04090)
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MUSCARINIC ANALGESIA COINCIDE

IN

ROSTRAL VENTRAL

Dept. of Pharmacology, Univ.
of Kentucky College of Med., Lexington, KY 40536
Muscarinic agonists microinjected into the rostral ventral medulla
(RVM) of rats produce antinociception in the hot-plate and tail-flick tests
which may be mediated by nitric oxide and cGMP (Iwamoto and Marion,
JPET 271:601, 1994). Located at the juncture and vicinity of the
gigantocellular reticular nucleus pars alpha (GiA) and the lateral
paragigantocellular nucleus (LPGi) are neurons containing mRNAs
coding for soluble guanylyl cyclase and for neuronal nitric oxide
synthase (Iwamoto et al. Soc. Neurosci. 19:968, 1993). The present
study was designed to test the hypothesis that the muscarinic analgesia
mediated by nitric oxide in the RVM is transduced by serotonergic
neurons. Complementary oligos to neuronal nitric oxide synthase or
serotonin transporter mRNAs were 3'-end labeled using [a-’VjcdATP,
hybridized to 20 p sections of rat RVM, and localized by film and
emulsion autoradiography. The in situ hybridization pattern of cells in
RVM containing the serotonin transporter reflected the known locations
of B2 and B3 cells, and a portion of labeled B3 neurons coincided with
GiA and LPGi neurons labeled by the nitric oxide synthase oligo. These
results are consistent with the hypothesis that muscarinic analgesia may
be mediated by a m1/nitric oxide/cyclic GMP transducer apposed to
MEDULLA OF RATS. Edgar Iwamoto*.

descending serotonergic pathways originating from the rat RVM. This
could explain why cholinergic analgesia is blocked by intrathecal
administration of serotonin receptor blockers (Iwamoto and Marion,
JPET 265:777, 1993).
Supported by NIH NS 28847
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Capsaicin Evokes the Release of i-CGRP from Dorsal Horn Slices in
a Nitric Oxide Dependent Manner. Mary G. Garry,*Ph.D. Department of
Anesthesiology, Univ. of Texas Southwestern Medical Center, Dallas, TX 75235
Sodium nitroprusside, a nitric oxide (NO) donor, evokes the release of neuropeptides
from primary afferent neurons in dorsal horn spinal cord slices in an NO-dependent and
NO-independent manner (Garry et al., J. Neurosci. 14:4329). To further elucidate
whether NO is involved in peptide release from nociceptive neurons, we examined
whether the effects of capsaicin, [CAP; a neurotoxin which selectively stimulates
nociceptive primary afferent neurons and evokes the release of peptides such as
calcitonin gene-related peptide (CGRP)] are dependent upon an NO mediated
mechanism. Rat spinal cords were ejected by hydraulic extrusion. The dorsal horn of
the lumbar enlargement was isolated and placed into chambers which were superfused
with oxygenated Kreb's buffer (pH 7.4) for a 60 min equilibration period. Following
the equilibration period, tissues were superfused with Kreb's buffer (veh; n=5) or CAP
(1/<M; n=5) to evaluate the effect of CAP on CGRP release. To determine whether
CAP evokes CGRP release via an NO dependent mechanism, tissues were superfused
in the presence of CAP alone (1pM, n=7) or L-NAME (200 nM; a nitric oxide
synthase inhibitor, n=4) prior to and during stimulation with CAP. The amount of
immunoreactive CGRP (iCGRP) in the superfusates was assessed by RIA. Raw data
were analyzed using ANOVA. Basal levels of i-CGRP release were 1,-452.2+170
fmol/g/6min whereas lpM CAP significantly increased i-CGRP release to 13,47.3.2+
970.8 fmol/g/6min (Fi,9=135.49; p^l.WOl). In the presence of L-NAME, CAPevoked i-CGRP release was significantly reduced to 4,793.7±687.2 (Fj ,9=38.14;
p<0.001). In support of these data, we also observed that CAP evokes a dosedependent (l-30pM) increase in citrulline production in dorsal horn slices.
Collectively, these results indicate that CAP evokes the release of i-CGRP from dorsal
horn slices via an NO dependent mechanism. These data suggest that the NO
dependent hyperalgesia which has been observed at the level of the spinal cord, maybe
due to the effect of NO on the release of certain neuropeptides. These studies are
supported by the Sid W. Richardson Foundation.

NEUROPATHIC CHANGES IN MICE AFTER INTRATHECAL APPLICATION
OF L-NAME AND/OR STRYCHNINE. T. M. Laughlin*1. K. F. KittoL R. P.
Yezierski2. G. L. Wilcox1’3. 1Dept of Pharmacology and 3Graduate Program in
Neuroscience, Univ. of Minnesota, Minneapolis, MN 55455. 2Dept. of Neurological
Surgery and The Miami Project, Univ. of Miami, Miami, FL 33136.
Nw-nitro-L-arginine methyl ester (L-NAME), a nitric oxide synthase (NOS)
inhibitor, has been used to study the involvement of nitric oxide in acute and chronic
nociception of rodents. Injections of L-NAME in rat dorsal horn produce delayed
spinal cord lesions associated with hyperalgesia and allodynia. The involvement of
neuronal nitric oxide in activity-dependent cerebrovascular control suggests that
these lesions result from ischemia and excitotoxicity. We tested whether intrathecal
(i.t.) L-NAME and/or strychnine, a glycine receptor antagonist that produces acute
allodynia, would synergize in this lesioning process.
750 mM L-NAME, 325 mM L-NAME + 54 nmol strychnine, 750 mM D-NAME,
54 nmol strychnine, or saline were injected i.t. in male ICR mice. L-NAME was
given as a pretreatment one hour before saline or strychnine. The second injection
was followed 10 min later by an intraplantar injection of formalin (4%) to drive the
dorsal horn. Hyperalgesia was tested by the hot plate (52.5°C) and hot water tail flick
(53°C) tests. Cold allodynia was tested by multiple applications of 10 p1 acetone to
each hind paw. Behavioral tests were administered prior to treatment and repeated on
days 4, 7, 14, and 15. Fifteen days after treatment, mice were challenged with i.t.
morphine (0.15, 1.5, 15 nmol) to determine opioid sensitivity in the hyperalgesic
state. Finally, mice were perfused transcardially with 10%o formalin, the spinal cords
removed by laminectomy, sectioned at 50 pm and stained with cresyl violet.
Two weeks after i.t. L-NAME, mice showed hyperalgesia in the tail flick test and
allodynia in the acetone test. Coadministered strychnine enhanced responses only in
the acetone test. L-NAME-treated mice were resistant to i.t. morphine in the tail flick
test, whereas mice given L-NAME plus strychnine showed dose-related morphine
antinociception. Cold allodynia was inhibited by morphine, although not in a doserelated manner. These behavioral indicators of enhanced nociception were not
accompanied by pronounced lesions like those seen in rats, suggesting a strong
species dependence. The behavioral findings suggest that similar plastic changes take
place in mice and rats after high doses of NOS inhibitors and neuronal activators.
(Supported by KO2-DA-00145 & DA-04274 to GLW, and NS28059 to RPY)
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646.1
DEVELOPMENT OF COUPLING BETWEEN DIRECTION-SELECTIVE RETINAL
GANGLION CELLS. D. I, DeBoer. W. H. Baldridge* and D. I. Vanev. Vision,
Touch & Hearing Research Centre, The University of Queensland, Australia.
The On-Off direction-selective (DS) ganglion cells in rabbit retina
comprise four distinct subtypes, which orthogonally code the direction of
image motion. Each subtype provides complete coverage of the retina, with
little overlap between neighbouring cells of the same subtype. This study
investigated the postnatal development of the territorial organisation and
the coupling patterns of the On-Off DS cells. Following pentobarbitone overdose, the eyes were enucleated, the mounted retinae superfused with Ames
medium, and DAPI-labelled ganglion cells were injected with Neurobiotin.
By postnatal-day 10, the presumptive DS cells had an adult-like organisation, with only about 40% of injected cells showing strong homotypic tracer
coupling to a territorial array of DS cells. At postnatal-day 5 and earlier,
however, most injected cells appeared to be coupled not only to a regular
array of neighbouring DS cells, but also to one or more arrays of overlying DS
cells. Consequently, coupled somata were located inside the dendritic field
of the injected cell, unlike the adult pattern, producing multiple dendriticfield overlap between coupled cells. Thus, there appears to be both 'homosubtypic' and Teterosubtypic’ coupling between the developing On-Off DS
cells, with subsequent uncoupling to produce the adult pattern. The immature
coupling pattern appears to be more complex than would be required to
simply shape the territorial organisation of the DS ganglion cells; the
heterosubtypic coupling may thus serve additional processes requiring
coordinated communication between the different subtypes of DS cells.
Moreover, our findings indicate that the subtypes of On-Off DS cells are
morphologically established before ganglion cells are visually responsive,
with important implications for how direction selectivity develops.

646.3

646.2
DIRECTIONAL SELECTIVITY IN RETINAL GANGLIOJN
CELLS IS ABOLISHED BY NEOMYCIN.
R, J. Jensen .

Southern College of Optometry, Memphis, TN 38104.
Findings from several studies suggest that the antibiotic neomycin
may block voltage-activated P- or Q-type Ca2+ channels. In a recent
study (Jensen, J. Neurophysiol., In press) it was found that the Q-type
Ca2+ channel blocker onconotoxin MVIIC abolishes directional
selectivity in ON/OFF directionally selective ganglion cells in the
rabbit retina. This effect was not observed with either T-, L-, N-, or
P-type Ca2+ channel blockers. The present study was undertaken to
see if neomycin could abolish directional selectivity in these ganglion
cells.
Extracellular recordings were made from ON/OFF directionally
selective ganglion cells in superfused rabbit retinal strips. At 480-800
p M, neomycin abolished directional selectivity in these cells (n = 7)
by bringing out a response to movement in the null direction that was

similar in magnitude to the response to movement in the preferred
direction. The effect of neomycin was rapidly reversible upon
washout.
Similar findings were obtained with gentamicin,
streptomycin, and tobramycin but only at concentrations greater than
1000 pM. In conclusion, neomycin and other aminoglycoside
antibiotics appear to block o-conotoxm MVIIC-sensitive Ca2+
channels in the retina. (Supported by NIH EY07318)

646.4

Linear contribution to directional selectivity in cat retinal ganglion cells.
M.H. Rowe*. Neurobiology Program, Ohio University, Athens, OH 45701.
Directionally selective simple cells in cat visual cortex often have receptive
field profiles that are oriented in the space-time plane, and this form of
spatio-temporal coupling provides the basis for their directional selectivity.
Recent examination of phasic W-cells in the cat retina (Rowe and Palmer,
1995) revealed the presence within many of their receptive fields of multiple
subregions that can be separated in either space or time. Some of these cells
are directionally selective and it is possible that these cells could show the
same form of spatio-temporal coupling that has been described in cortical
simple cells.
Linear spatio-temporal response profiles were generated for a number of
directionally selective W-cells using a reverse correlation procedure. The
spatial axis of the profile was either aligned with the axis of directional
preference or orthogonal to it. In most cases, these response profiles were
spatio-temporally separable, indicating that linear mechanisms did not
contribute to the cell's directional selectivity. In a few cases, weak spatiotemporal coupling was observed when the spatial axis was aligned with the
axis of directional preference, i.e., the response profiles showed a space-time
orientation that predicted the cell's directional preference. However, these

contributions were generally small. The sample of directionally selective
cells also included one suppressed-by-contrast cell whose spatio-temporal
response showed a clear orientation consistent with its directional preference.
These data suggest that linear spatio-temporal summation does not contribute
significantly to directional selectivity in cat retinal ganglion cells.
Supported by EY10677 and by funds from OUCOM.
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ANALYSIS OF DECOUPLING EFFECT OF CYCLIC GMP ON GAP
JUNCTIONS BETWEEN RETINAL NEURONS, USING PROTEIN KINASE
INHIBITORS. E.-I. Mivachi* and C. Nishikawa. Dept. of Physiol., Fujita Health
Univ. Sch. of Med., Toyoake, Aichi 470-11, JAPAN
Intracellular injection of cyclic GMP or soluble guanylate cyclase activators,
such as nitric oxide (NO) and arachidonic acid, closed gap junctions between
horizontal cells in carp and turtle retinas (Miyachi et al., NeuroReport 1: 107-110,
1990; Miyachi et al., NeuroReport 5; 485-488, 1994). To determine whether the
blocking effect of cyclic GMP on the gap junctions was through the action of
cyclic GMP-dependent protein kinase, we examined the status of dye-coupling
with Lucifer Yellow CH among luminosity-type horizontal (HI) cells in the carp
retina, by injection of protein kinase inhibitors into the cells. Dye-coupling among
horizontal cells was observed after the intracellular injection of the mixture of
cyclic GMP and a cyclic GMP- and cyclic AMP-dependent protein kinase, A-3 (N(2-aminoethyl)-5--chloronaphthalene-l-sulfonamide hydrochloride). Dye-coupling
was observed also after the injection of the mixture of cyclic GMP and cyclic
GMP-dependent protein kinase inhibitor peptide (Arg-Lys-Arg-Ala-Arg-Lys-Glu)
into the horizontal cell, indicating -that the inhibitor suppressed the decoupling
effect of cyclic GMP. The same kinase inhibitor did not suppress the decoupling
effect of cyclic AMP on the gap junctions. On the other hand, a single cell was
seen fluorescing after the injection of the mixture of cyclic GMP and cyclic AMPdependent protein kinase inhibitor peptide (Arg-Gly-Try-Ala-Leu-Gly). These
findings suggest that the blocking effect of cyclic GMP on gap-junctional
intercellular communication among horizontal cells is through the action of cyclic
GMP-dependent protein kinase, and that cyclic GMP modulates the gap junctions
in a manner independent of the well-known dopamine/cyclic AMP pathway in the
horizontal cell.
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646.5

646.6

PHYSIOLOGICAL PROPERTIES OF AXON BEARING WIDE FIELD
AMACRINE CELLS IN THE RABBIT RETINA. W. R. Tavlor and
H. Wassle*. Max-Planck-Institut fur Hirnforschung, D-60528 Frankfurt,
Germany.
Axon bearing wide field amacrine cells in the rabbit retina have a
central sparse dendritic arbor, from which several axon-like processes
emerge. The axons are generally straight, randomly oriented and can be
several millimeters in length (Vaney et al., 19881). We address two
questions important for the physiology of these cells. 1) Do the cells
generate action potentials? 2) How large is the receptive field?

CONTRIBUTION OF THE BETA GANGLION CELL SURROUND TO
INFORMATION PROCESSING. Y.Tsukamoto1*. R . G. Smith2 and P .
Sterling2 Hyogo Col. Med., Hyogo, 663 Japan1 Dept. Neurosci., U. Penn,
Phila.PA. 191042

Patch-clamp recordings were made from cells in the ganglion cell
layer of an isolated, dark adapted, flat-mounted rabbit retina
preparation. Light stimuli were generated on a computer monitor that
was imaged onto the photoreceptor layer through the microscope
condenser. Cell morphology was revealed by neurobiotin staining
Action potentials were elicited during depolarization. The receptive
field centre had a diameter similar to that of the dendritic arbor. There
appeared to be an excitatory central region and a larger inhibitory
surround. The cells generated transient excitatory currents in response to
a light step. The excitatory current decayed with a time constant of
about 50ms.
These cells receive input across a relatively small dendritic arbor
and distribute their output via action potentials across a much wider
axon terminal system. The mosaic of these cells could provide a rapidly
responding, global measure of the luminance across the retina.
I. Vaney, D.I., Peichl, L. and Boycott, B.B. Proc. R. Soc. Lond. B 235:203.

Spatial correlation in a natural scene is exponential. Therefore, cone
signals contributing to a receptive field center are strongly correlated and those
contributing to the surround are weakly correlated. Summing the center signals
improves the signal/noise ratio (S/N) compared that of a single cone
(Tsukamoto et al, ‘90), but the effect of subtracting the surround signals is
unknown. We compared the S/N improvement (I) for the center only and for
center-surround. The computation incorporated known cone and beta ganglion
cell densities and receptive field parameters, plus scenes of different spatial
frequency composition (characterized by the space constant, A.) When high

frequencies are abundant (A<0.1mm), S/NI is slightly greater for the centersurround than for the center only and correlations between neighboring cells are

slightly enhanced. When low frequencies are abundant (X>0.1mm), S/NI for
center-surround is less than for the center only and correlations between
neighboring cells are reduced. The effects of the surround on S/NI are nearly
constant with eccentricity, due to the relative expansion of the center. S/NI is
always considerably higher for peripheral than for central cells. The overall
design improves encoding by central beta cells of high spatial frequencies
(preserved by smooth pursuit eye movements) and encoding by peripheral beta
cells of lower spatial frequencies (arising from blur due to smooth pursuit).
Supported by EY00828.

646.7

646.8

CONTRAST GAIN CONTROL IN THE LOWER VERTEBRATES RETINAS. J. L. Wang and K.-I. Naka*. Dept. of Ophthalmol. and Dept.
Physiol. & Biophysics., NYU Med. Ctr., New York, NY 10016.
Control of contrast sensitivity was studied in the
retinas of the channel catfish and that of the kissing
gourarni. The former preparation is dominantly monochromatic
and the latter is bichromatic. Recordings were made from
horizontal, amacrine, and ganglion cells and results were
analyzed by Wiener analysis, in which the kernels represent
the
contrast
(incremental)
sensitivity.
Modulation
responses from horizontal cells are linear, in that the
waveform and
amplitude. of
first-order
kernels
are
independent of the depth of modulation.
In the N
(sustained)
amacrine
and
ganglion
cells,
contrast
sensitivity was low for a large modulation input and was
high for a small modulation input. In most of the cells,
the control of contrast gain did not affect the dynamics of
the response since the waveform of the first-order kernels
remained unchanged when the contrast sensitivity increased
more than■ 5-fold. An analysis of a cascade of the Wiener
type.shows■that the control of contrast sensitivity in the
proximal retinal cells can be explained by assuming the
presence of a (static) saturation nonlinearity. Such a
nonlinearity must exist somewhere between the horizontal
cells and the amacrine cells. The functional implications
are as follows: 1) neurons exhibit greater sensitivity to
input of lower contrast, 2) saturation of a neuronal
response can be prevented because of the lower sensitivity
in the case of an input with large contrast, and 3) over
a large range of modulation depths, the amplitude of the
response remains approximately constant.
Supported by grants NEI08848 and NEI07738, and NINDS,
NS30772. KIN is a Jules and Stein Professor of RPB Inc.

CONTRAST FLICKER ERG RESPONSES TO CONE-ISOLATING
STIMULI. David H. Brainard. Jack B. Calderone, and Gerald H. Jacobs*.
Department of Psychology and Neuroscience Research Institute, UC Santa
Barbara, 93106
The potentials measured by the flicker ERG originate at multiple sites
in the retina. To exploit the ERG to understand the flow of information
through the retina, it is necessary to develop techniques that allow one
to distinguish activity at individual sites or in particular pathways. To
this end, we have recorded flicker ERG responses to stimuli, whose
spectral properties isolate individual classes of cone photoreceptors.
Stimuli were presented on a computer-controlled color monitor. The
color of the stimulus field was modulated temporally around a fixed
mean level of illumination. Control software allowed us to specify
independently the modulation contrast seen by human long, middle,
and short wavelength sensitive cones. ERG responses were recorded
both to cone isolating stimuli and to stimuli that modulated multiple
cone classes in various combinations. We began by measuring the
contrast response function for isochromatic flicker. As others have
found, the shape of this function depends heavily on temporal
frequency. At 18.75 Hz, we recorded reliable responses to coneisolating flicker for all three classes of cone. At low contrasts, the
contrast response functions for all three cone classes are linear. We
used a flicker-photometric paradigm to assess how signals from the
three cone classes are combined. In this technique, the responses to
various cone-isolating stimuli and combinations of cone-isolating
stimuli are balanced against the responses generated by an interleaved
reference stimulus. Two subjects gave differing results: for one subject
the rule of combination was close to linear, in a second subject we
observed strong spectral opponency between the long and middle
wavelength sensitive cones.

646.9

646.10

DYNAMICS OF ADAPTATION TO CHANGING SPATIAL STRUCTURE IN
THE TIGER SALAMANDER RETINA. S.M. Smirnakis*1. MJ. Berry2. DK
Warland2. W. Bialek^. and M. Meister2. iPhysics Dept and Medical School, Harvard
University; 2m CB Dept, Harvard University; 3NEC Research Institue, Princeton, NJ.

NEURAL CODING IN THE LIMULUS VISUAL SYSTEM
CL Passaglia*. FA Dodge, and RB Barlow
Institute for Sensory Research, Syracuse University, NY 13244

The neural code employed by the retina is known to adapt dynamically to changes in
the statistics of the visual scene, such as the mean intensity and temporal contrast.
Here we focus on how the retina adapts to changes in the spatial correlation length of
the image. Isolated salamander retinae were stimulated with flickering checkerboard
patterns and ganglion cell spike trains were recorded extracellularly with a multielectrode array. The intensity of each checker was chosen randomly every 30 ms from
a Gaussian distribution of fixed mean (photopic range) and root-mean-square contrast
(24% of the mean). Every 100 s, the size of the checkers was changed, ranging from
-1/4 of a ganglion cell receptive field center to the full field. We observed adaptation
to these transitions in both the ganglion cell firing rate and the reverse correlation to
the stimulus.
The steady-state firing rates of ganglion cells depended on checker size; larger
receptive field centers correlated with maximal responses for larger checkers. After a
transition in checker size, the firing rate approached steady-state exponentially. When
alternating between full field and 100 pm checker stimulation, the rate of 25 out of 45
ganglion cells decreased with adaptation for both transitions; the decline ranged from
5% to 100% of the final value, with time constants clustered around 10 s. This
suggests that there are at least two independent sites of adaptation in the retina.
Because the stimuli all had the same local statistics, it is unlikely that either site is in
the photoreceptors. Furthermore, changes in spatial correlation length also altered the
temporal aspects of the neural code: reverse correlation showed that the response
latency of both the center and the surround decreased for larger checkers.
Supported by a Pew Scholarship and a grant from the ONR to M.M.

Society

for

Neuroscience

, Volume 21, 1995

The Limulus eye samples its visual world with a relatively small
number of retinal receptors and optic nerve fibers (-1000). High
environmental noise further limits the information capacity of the optic
nerve, and yet male Limulus can detect females both day and night. Is
the eye tuned to detect mates? We address this question by measuring
the spatiotemporal transfer function (STTF) of the eye, defining the
spectral properties of the environment, and developing a computational
model of the eye to explore the information content of the optic nerve.
We measured STTFs of single optic nerve fibers from submerged
animals using an sinewave generator-recorder system (VENUS). We
also recorded optic nerve responses from behaving animals in their
natural environment. We then computed “neural images“ for both
sinusoidal patterns and natural underwater scenes recorded with a
camera mounted on the behaving animal By analyzing the “neural
images” and conducting parametric studies of the model eye, we
studied the eye’s tuning properties and its ability to cope with
environmental noise.
We found that computed “neural images” accurately represent
recorded optic nerve activities and thus validate the model. We also
found that the structural and physiological properties of the eye are
better tuned to the spatiotemporal features of a female than to those of
environmental noise.
NIH grants EY00667 and MH49741 and NSF grant BNS9309539.
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646.12

ANATOMICAL IDENTIFICATION OF SHORT WAVELENGTH SENSITIVE
(S) CONE INPUT TO H1 AND H2 HORIZONTAL CELLS IN MACAQUE
MONKEY RETINA. A.K. Goodcbild. TK Chan and U. Griinert*. Department of
Physiology F13, The University of Sydney, N.S.W. 2006, Australia.
In lower vertebrates horizontal cells have selective connections to cones of
different spectral types. In primates, the presence of such selectivity remains
controversial. In order to address this question anatomically, we studied the
connections of H1 and H2 horizontal cells with putative S cones in macaque
monkey retina. Horizontal cells were labelled in two ways: 1) An in vitro
wholemount preparation was used to inject horizontal cells intracellularly with
Neurobiotin. 2) In paraformaldehyde fixed retinas horizontal cells were labelled
with Dil. The fluorescent Dil label was photoconverted to a permanent reaction
product (Sandell and Masland, J. Histochem. Cytochem., 35:555, 1988). The
retinas were then processed with antibodies against human S cone pigment (JH455,
kindly provided by Dr. J. Nathans). The following results were obtained. Labelled
S cones made up less than 10% of the cone population; they formed a regular array
similar to that described previously (DeMonasterio et al., Science 213:1278,1981).
The entire cone including its pedicle was labelled, enabling us to investigate the
contacts of S cone pedicles with labelled horizontal cells. Most H1 horizontal cells
(34 of 41 cells) did not contact S cones. Labelled dendrites were seen passing over
S cone pedicles but not contacting them. In those cases where H1 cells contacted S
cone pedicles (7 of 41 cells) comparatively few (always less than 3) dendritic
terminal knobs made these contacts. H2 cells (n=4) contacted all S cone pedicles
within their dendritic field. Dendrites of H2 cells tended to aggregate at the S cone
pedicle. Contact was made by numerous dendritic terminal knobs, whereas
contacts with unlabelled pedicles were only sparse. Our anatomical findings
suggest that HI cells receive little or no input from S cones, whereas H2 cells
receive input from all cone types. Our results are in good agreement with the recent
physiological findings of Dacey and Lee (ARVO Abstr., IOVS 36:10,1995).
Supported by NHMRC and ARC and the Alexander von Humboldt Foundation.

646.13

RECOVERY PHASE OF THE MURINE RETINAL ROD
PHOTORESPONSE DETERMINED FROM THE ERG BY
A TWO-FLASH PROTOCOL. A.L.Lyubarsky> and E.N.Pugh, Jr.
Department of Psychology and Institute of Neurological Sciences,
University of Pennsylvania, Philadelphia, PA 19104
The a-wave of the murine ERG reflects the activation phase of
the rod photocurrent response, whereas the photoresponse recovery
phase is obscured by other components of the ERG. We recoded
corneal ERGs of CBA/CAJ mice, dark adapted for 2 hr and anesthetized with a ketamine-xylazine-urethane mixture. Whole-retina
stimulation was provided by pairs of light flashes. The amplitude
of the a-wave response to the second, saturating flash was used as
a measure of the degree of rod recovery from the first. The entire
recovery time course from flashes producing 300 - 20,000 photoisomerizations/rod (Rh*/rod) was reconstructed by varying the
intervals between flashes. The reconstructed responses were similar
to those previously recorded from the photoreceptor layer
of isolated rat retina1. Over the intensity range 300-5000 Rh*/rod

recovery half-times increased linearly with ln(Rh*/rod), with an
apparent time constant of 0.3 s.
‘Penn & Hagins, Biophvs. J.. 12. 1073-1094.
Supported by NIH EY-02660.

646.14

THE LOW-FREQUENCY VOLTAGE NOISE IN THE ROD NETWORK OF THE
DARK-ADAPTED FROG. K. Diupsund*1’2 and T. Hariyama3
'Depts of Biosciences and of Ecology and Systematics, FIN-00014 Univ Helsinki,
2Dept Physiology, FIN-90220 Univ Oulu, Finland and 'Research Center for Applied
Information Sciences, Tohoku Univ, Sendai 980-77, Japan.
Previous studies [e.g. Baylor et al., J Physiol 309, 591-621] have shown that
isomerization events in isolated rods occur in the low-frequency spectral range. To
see how these results correspond to the noise output in the intact rod network we
studied the low-frequency voltage noise in dark-adapted frog (Rana ridibunda) rods
and estimated the equivalent isomerization rates.
The study was carried out by intracellular recordings in completely dark-adapted
(>15h) eyecups. In addition we verified the pigment composition with HPLC. The
IC recordings consisted of flash responses and 200 s. noise periods in darkness and
under a background of 1 isomerization per rod*s (=1 Rh*/s), in 10 cases in two
temperatures. The spectral analysis was done with 1024 point FFT/Hanning
windowing;.
The visual chromophore was purely A,. The amount of equivalent isomerizations
in the voltage variance under 1Hz in darkness equalled 0.17±0.10 Rh*/s (n=17) at
10°C and had a Q10 of 3.3 (a T=4*C, n=10). Our two estimation methods also
indicated a significant (36%-54%) non-isomerization induced component in the noise
variance, reducing the rates and Q,0 of the isomerization-induced noise to 0.12±0.07
or 0.069±0.035 Rh*/s and 1.8 (one method only), respectively.
These results indicate that the dark noise levels in the rod network are higher than
in isolated rods, but the temperature characteristics are relatively similar. The
differences might be explained by e.g. additional processes in the network or a
covariance between the noise components.
Supported by the Academy of Finland and Japan Soc. for the Promotion of Sciences.

DUPLICITY WITHIN THE ROD MECHANISM OF RAT. F. NaarendorP*
Psychol. Dept., Northeastern University, Boston, MA 02115.
Flicker studies on human revealed two separate rod
pathways: a slow and a fast pathway (Conner, JPhyaiol,
332, '82). Rod flicker threshold vs illuminance functions
showed a double branch and flicker frequencies of 14-15 Hz
appeared invisible over a limited range of retinal
illuminance.
In this range, a slow and a fast rod signal
are thought to interfere destructively with each other and
cancel flicker visibility (Stockman et al, JOSA, 8, '91).
We examined whether a similar duality of temporal function
occured in the rod system of rat.
Electroretinographic
(ERG) responses to square-wave flicker or to sinusoidally
modulated
light
were
recorded
at
the
cornea
of
anesthetized, male, albino rats. Results were as follows:
(a) in a plot of CFF vs luminance, CFF increased to about
15 Hz when the luminance reached -2.3 log cd/m2, then
decreased to 11 Hz over the range of -2.0 to -0.8 log
cd/m2. Above -0.5 log cd/m2 rod CFF rose again reaching 19
Hz at 1 log cd/m2.
(b) flicker amplitude vs luminance
curves showed that, up to 0.5 log cd/m2,
response
amplitudes to 3-5 Hz flicker increased monotonically.
Amplitudes to 7-15 hz flicker first increased then began
to decrease at -2.0 log cd/m2.
Responses to 13-15 Hz
flicker disappeared completely at -1.5 log cd/m2 but
reappeared
at
-1.0
log
cd/m2 when
amplitudes
for
frequencies > 7 Hz began to grow again.
Above this
intensity response amplitudes to 17 and 19 hz flicker were
measurable. The phase of the response to 13 Hz flicker at
-2.0 log cd/m2 was shifted by 180° relative to that
recorded at -0.5 log cd/m2.
Our data suggest that there
is a duality of temporal function within the rod system of
rat and it strongly resembles that of human.

646.15

646.16

PHASIC AND TONIC RESPONSES IN THE RETINA OF THE
PIGEON: DISTRIBUTION AND DIFFERENTIAL CHROMATIC
PROPERTIES. T Mpodozis*. R.. . Panteon and T-C. Letelier.
Departamento de Biologia, Facultad de Ciencias, Universidad
de Chile. Casilla 653, Santiago, Chile.
The response characteristics of the pigeon’s retinal ganglion cells
were examined by direct intraretinal extracellular recordings.
According to their temporal dynamics, two types of responses, tonic
and phasic, were found. Phasic cells are mostly ON/OFF movement
sensitive units, while tonic cells show predominantly exclusive ON or
exclusive OFF responses, and lack movement sensitivity.
Furthermore, phasic and tonic units have different chromatic
properties. Phasic cells show very wide action spectra, and 50% of
them show clear responses to the movement of a pure chromatic edge
in the long-short and long-middle spectral range. On the other hand,
tonic cells have narrow action spectra, and 30% of them show well
defined inhibitory color opponent surrounds. We also studied the
spatial distribution in the visual field of these responses. Phasic
responses can be found in the whole retina, but they are more
abundant and densely packed in the lateral retina around the lateral
fovea. Tonic responses are almost exclusively present in the dorsotemporal retina. Accordingly, we think that these two kinds of
ganglion cell responses contribute to generate the differential
perceptual properties that the frontal and lateral gaze of birds have.
Supported by grant FONDECYT 871 & 1950687.

A CONNEXIN GENE HOMOLOG IN THE GIANT DANIO RETINA T.L.E.
Wagner*, and D.G. McMahon. Department of Physiology, University of Kentucky,
Lexington, KY 40536.
Gap junctions are closely apposed areas of cell membranes which contain gap
junctional channels, or connexons. (Individual subunits are called connexins.) In
the retina they mediate lateral inhibition in the outer plexiform layer by connecting
horizontal cells. Retinal gap junctions also serve as an excellent model for gap
junctions found throughout the nervous system.
We have cloned from the giant danio (Danio aequipinnatus) a partial cDNA
(GDRET-1) which shares high sequence homology and similarly predicted
structural features with previously cloned connexins. This clone was isolated from
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retinal RNA using reverse transcriptase polymerase chain reaction (RT-PCR) and
a set of degenerate primers based on conserved areas of previously cloned
connexins. The cloned sequence was compared to those of previously sequenced
connexin genes in nucleic and amino acid forms (PCGENE, IntelliGenetics). Of
the rat connexins previously cloned, GDRET-1 is most similar to rat cx43. Identity
at the nucleotide level is 72%, and at the amino acid level is 73% with 79%
homology. GDRET-1 has been confirmed as part of the giant danio genome by
Southern analysis. Additionally, we have shown that GDRET-1 is expressed in the
retina using RT-PCR with specific primers and Rnase protection assay.
We are presently creating giant danio retinal and brain cDNA libraries for use in
isolating the full length clone. Supported by NIH EY09256.
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60-Hz MAGNETIC FIELD EXPOSURE REDUCES OCULAR
PHOTOPIGMENT AND HEPATIC RETINOIDS IN M
DOMESTICA. A.T.C.Tsin*, Y. Moreno, J.W. Rhodes, S. Ziari,
M.de la Garza and N. Mata.
Division of Life Sciences The
University of Texas at San Antonio, San Antonio, TX 78249.
60-Hz magnetic fields (MFs) have been shown to affect neuroendocrine
functions such as melatonin level in blood. However, it is not known if MFs
might also influence visual function by a modification of visual pigment
chromophore which is located in the hydrophobic pocket of the visual protein
opsin. Adult female marsupials (Monodelphis domestica) were subjected to 60Hz MFs for over 2 months prior to sampling. The MF, a circular rotating
vector with rms flux density of 500 mG (50 uT), was on for 20 hrs out of each
24-hr day. Control animals were housed in the same building but located over
90 ft from the MF coils. Ambient 60-Hz MFs were 03 mG or less. No
significant reduction in body weight and other visible pathology were noted in
all animals. Retinas and livers were extracted for retinoids and analyzed by
standard HPLC methods. All-trans and 11-cis retinal chromophores recovered
from 60-Hz treated animals were reduced compared with controls (i.e. 44 vs 67
pmol/eye, all-trans retinal; 28 vs 35 pmol/eye, 11-cis retinal). Similarly,
concentration of retinyl palmitate in liver of treated animals (0.5 mmol per gm
liver) was lower than controls (2.4 mmol per gm liver). Liver retinol was also
lowered in the treatment group (0.3 vs 1.32 mmol per gm liver in controls).
The mechanism of action of MFs to reduce visual pigments and vitamin A in
M. domestica is not known at present.

CHANGES IN THE PUPILLARY LIGHT REFLEX OF THE
RD MOUSE WITH AGE AND THE EFFECTS OF
PHOTORECEPTOR TRANSPLANTS
S.K, Parapuram. S.J.O. Whitelev*. T.M.P. Litchfield and R.D, Lund Dept.
Pathology, Institute of Ophthalmology, Bath St. London, EC1V 9EL, U.K.
The retinal degeneration (rd) mouse is a model for retinitis pigmentosa. It
has a mutation in the fl-subunit of cGMP-phosphodiesterase which causes
photoreceptor degeneration starting at day 8 and complete by 3 weeks of age.
The rapid and total loss of the photoreceptors renders the model particularly
useful for investigating the potential of transplants to reconstruct the retina.
Although a number of groups have transplanted photoreccpu »i n to the subretinal
space (Gouras et al., 1992; Invest. Ophthalmol. Vis. Sci. 33:2579-2586) there
are no published data on the function of such transplants. Using a computerised
pupillometry system we have studied the pupillary light reflex (PLR) of the rd
mouse over time as a baseline for evaluating the function of retinal transplants
in these animals. The amplitude, velocity and latency of the constriction was
analysed at two different light intensities. The PLR was studied in rd mice at
ages of 3 months, 6 months and 9 months. We found an increase in both the
amplitude and latency of the PLR with time, at both light intensities. The
response of 9 month old animals showed a greater amplitude and latency than
the 3 month old rd mice.
Retinal dissociates from new-born mice were transplanted successfully into rd
retinae. The anatomical evidence is presented. The responses recorded from
eyes that had received transplants differed from those of control eyes.
Sponsored by Foundation for Fighting Blindness, and Cambridge
Commonwealth Trust.

647.3

647.4

RETINAL DAMAGE OF SOLAR ORIGIN IN A VANISHING SPECIES
OF AMPHIBIAN, RANA CASCADAE. K. V. Fite*. L. Bengston. A.
Blaustein. H. Hewitt. Neuroscience and Behavior Program, UMASS
Amherst, MA 01003.
Thinning of the stratospheric ozone layer is associated with a
destructive effect of increased UV-B on egg-hatching success in ft
cascadae, one of 5 Northwestern amphibian species undergoing severe
population declines (Blaustein, et. al, PNAS, 1994).
Quantitative histopathological analysis of the outer retina in three
groups of frog-adult ft cascadae, normal ft. pipiens (northeastern
leopard frog) and experimentally liglh-damaged ft pipiens - was
conducted. Both retinas from 3 frogs in each group were evaluated
using samples taken from superior and inferior retinal regions,
embedded in epon, sectioned at 1 p thickness and stained with thionin
for li^^-^imi^r^^^py evaluation.
Results: A similar profile of histopathological features were observed
both in ft. cascadae and in experimentally light-damaged ft, pipiens,.
abnormal clumps of melanin pigment, abnormal rod outer segments,
reduced number of cones, and vacuolated inner segments. In FL
cascadae, the inferior retina was substantially more abnormal than the
superior retina Relatively few abnormalities were observed in normal ft
pipiens. These findings are consistent with the hypothesis that
increased UV-B in solar radiation may be having deleterious effects m
retina of amphibians and contributing to the worldwide “vanishing
amphibian" crisis, (supported by NSF Grant # IBN 921157 to K.V.F.)

FUNCTIONAL AND PATHOLOGIC CONSEQUENCES OF THE Q-64-TER
RHODOPSIN MUTATION IN AUTOSOMAL DOMINANT RETINITIS
PIGMENTOSA. A.H. Milam*1 Z.-Y. Li.1 A.V. Cideciyan,2 S.G. Jacobson?
U. of Wash. J Seattle, WA 98195-6485, and U. of Miami . * Miami, FL 33101.

Clinical and histopathologic observations were made on the retinas of a
50 year old patient donor with autosomal dominant retinitis pigmentosa due
to the Q-64-ter stop codon rhodopsin mutation. The donor was a member of
a large kindred whose affected members show variable severity of retinal
disease. On clinical examination 4 mos ante mortem, the donor's acuities
were 20/60, and kinetic perimetry showed a midperipheral scotoma with
retained function centrally and in the far periphery. Test results in a mildly
affected family member were consistent with reduction of rod outer segment
membrane and existence of only wild-type rhodopsin in functioning rod outer
segments. Microscopy of the donor retina revealed that rods and cones
were reduced in number in the macula and far periphery and their outer
segments were quite short. Rhodopsin was delocalized to the rod inner segments and somata, and many peripheral rods gave rise .to rhodopsinpositive neurites that bypassed the inner nuclear layer and reached the
inner limiting membrane. The rod neurites contained numerous multivesicular bodies and 50 nm vesicles that were synaptophysin and SV2 immunopositive. The delocalized rhodopsin in the rod somata and neurites was

labeled with mAbs specific for the N and C termini of rhodopsin, indicating
that at least some of it was wild type. Quantitative EM immunolabeling with
the two anti-rhodopsin mAbs indicated that wild type but not mutant rhodopsin was present in the rod outer segments. The microscopic findings correlated well with results from visual function testing. Studies are in progress to
determine if the rod neurite sprouting found in this and other RP retinas is a
response to growth factor upregulation in response to ongoing photoreceptor death. Supported by EY0-1311, -1730, & -5627, The Foundation Fighting

Blindness, and Research to Prevent Blindness, Inc.

647.5

647.6

RETINAL DEGENERATION RESULTING FROM
dietary
b -alanine
. h . Imaki. . J.M. Messing and J.A. Sturman.
New York State Institute for Basic Research in Developmental
Disabilities, 1050 Forest Hill Road, Staten Island, NY 10314
It has long been known that cats are dependent on a dietary source
of taurine to maintain their body pools because they have a limited
capacity for biosynthesis. In this study we have used B-alanine, which
utilizes the same uptake system as taurine, in an attempt to lower
taurine concentrations. Adult female cats were fed a completely
defined taurine-free synthetic diet alone or supplemented with 0.(5%
taurine for at least 2 years and then provided with 5% B-alanine in the
drinking water for 20 weeks, each cat consuming approximately 500g
B-alanine.
As noted in other species, B-alanine reduced taurine
concentrations globally in all cats.
Light and electron microscopic examinations of retinas from these
cats revealed that B-alanine ingestion accelerates the photoreceptor
degeneration and elimination demonstrated previously in cats after a
long period of taurine deprivation. The degree and extent of
degeneration resulting from B-alanine treatment was approximately
proportional to the reduction in retinal taurine concentration,
determined in the contralateral eye. Thus some cats fed the taurinesupplemented diet showed relatively normal retinal structure and the
highest retinal taurine, others had reduced number of photoreceptors
with markedly shortened or disorganized inner and outer segments and
lower retinal taurine. Among the cats fed the taurine-free diets, one
showed no remaining photoreceptors in any areas examined, and the
lowest taurine in the retina, while others displayed varying degrees of
degeneration. In general, the most severe changes were noted in the
nasal and optic disc regions, and the least in the inferior region.

INCREASED EXPRESSION OF RETINAL TIMP3 mRNA IN SIMPLEX
RETINITIS PIGMENTOSA IS LOCALIZED TO PHOTORECEPTORRETAINING REGIONS. C. Jomarv*. S.E. Jones and M.J. Neal. British
Retinitis Pigmentosa Society Laboratory, U.M.D.S., St Thomas' Hospital,
London, U.K.
The tissue inhibitor of metalloproteinases-3 (TIMP3) gene is the most
recently characterized member of a family of genes whose products are
implicated in extracellular matrix remodelling. We have shown by differential
cDNA library screening and RNA-blot analysis that increased expression of
TIMP3 mRNA occurs in retinas affected by simplex retinitis pigmentosa
(RP). We here report the cellular distribution of TIMP3 overexpression in
dystrophic retinas determined by in situ hybridization.
Paraformaldehyde-fixed control and RP-affected human retinas were frozen
in isopentane and 10 pm sections cut on a cryostat. Acetylated sections were
hybridized with 35S-labelled sense and antisense riboprobes complementary to
human TIMP3 and autoradiographed.
In control retinas, no TIMP3 mRNA expression was detected. In contrast, in
RP simplex-affected retinas, a striking pattern of expression was observed. In
regions lacking photoreceptors, no signal was detected. However, where there
were residual photoreceptors, expression of TTMP3 mRNA was localized
particularly to the photoreceptor inner segments and the inner retina.
The induction of TIMP3 mRNA overexpression in pre-degenerative
photoreceptors suggests disruption of photoreceptor cell-matrix interactions,
which in turn may lead to activation of apoptotic cell death programs.
Supported by grants from the British Retinitis Pigmentosa Society.
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A CHANGE IN THE NUMBER OF NADPH DIAPHORASE-STAINED
RETINAL CELLS IN STREPTOZOTOCIN-INDUCED DIABETIC RAT
RETINA. E.Roufail1'2, S.M.Rees1, R.Raian3* & D.Ehrlich2, ‘Department of
Anatomy and Cell Biology, University of Melbourne, Parkville 3052,;
2Department of Ophthalmology, University of Melbourne, Parkville, Victoria,
3052; 3De]fxirtment of Physiology, Monash University, Clayton, Victoria, 3186
Australia.
NADPH diaphorase (NADPHd) is a nitric oxide synthase (NOS) which is
found in amacrine cells closely associated with the retinal vasculature in the rat
retina. NOS is required for the production of nitric oxide (NO) a potent
vasodilator and neuronal NOS may play a role in linking the control of the
retinal vasculature with neuronal metabolism. We aimed to assess any changes
that might occur in this population of neurons over time in streptozotocin (STZ)induced diabetic rats where the retinal vasculature is known to be dysfunctional.
Diabetes was induced with a single intravenous injection of STZ (70 mg/Kg) and
rats allowed to survive for 3 weeks (n=9), 8 weeks (n=6) and 8 months
(n=7).Treated and age-matched control rats were killed with an overdose of
sodium pentobarbital and the right eye from each animal dissected and fixed in
buffered 4% paraformaldehyde for 2h. The retina was flat mounted and stained
for NADPHd histochemistry. Counting of stained-cells was performed double
blind. By 3 weeks there was a significant decrease of 21% in the total number of
positively-stained cells in the retinas of the diabetic group (2479±129)
(mean+SEM) compared to the control group (3148+158) (p<0.01).The difference
persisted at 8 weeks and 8 months. The observed decrease in NADPHd-positive
cells in the diabetic rat retina suggests a possible loss of NOS activity and NO
production which develops during the early stages of diabetes and persists long
term. This loss of NOS activity may be involved in the early capillary changes
which occur in the pathogenesis of diabetic retinopathy.

VISUAL CORTEX:

A NON-HUMAN PRIMATE MODEL OF RETINITIS PIGMENTOSA
D-.H- Grosof*. K,K- Qhlemiller. B. Falsini, J. Mosinger-Qgihie. H.J. Kaplan,
M.S. Silverman. Ophthalmology & Visual Sciences, Washington Univ. &
Central Institute for the Deaf; St. Louis, MO 63110.
Our purpose is to develop and evaluate a primate model for human retinitis
pigmentosa (RP), using sodium iodoacetate (IAA) to induce photoreceptor
degeneration. Noell (1953) found that IAA induces a degeneration histologically
similar to RP. We examined the ERG, fundus appearance and retinal histology in
two macaque monkeys, which were followed for 16 and 19 months after acute
systemic IAA administration. Visually guided behavior remained, and the effects
in the two eyes were similar. A novel non-invasive quasi-focal cone ERG
method (Wolf & Grosof, 1995) indicated that IAA spares the function of macular
cones only and that the foveal cones were less affected by IAA than parafoveal
cones. Over the course of several months cone ERGs decreased, and the fundus
showed typical RP signs; vascular narrowing, waxy pallor of the disc, and retinal
pigment epithelial cell and choriocapillary atrophy. Confirming Noell, we found
the outer nuclear layer (ONL) to be devastated except in the central retina, where
a gradient of damage extended from a relatively normal fovea to a monolayer of
cone-like ONL somata outside the macula. The inner retina was grossly normal.
Also observed in all the IAA retinas was the occasional RP complication of
cystoid macular edema.
Conclusions: IAA acutely ablates the photoreceptor layer except in the macula.
Macular cones surviving the initial toxic insult survive and function for many
months, even as the retina appears to degenerate in an RP-like way. IAA treated
primates show anatomical and physiological changes characteristic of RP, and
therefore appear to be a useful model of RP.
Noell, WK Am J Ophthalmol, 36: 103-116 (1953).
Wolf, MJ & Grosof, DH ISCEV Meeting, June, 1995.
Supported by J. Epstein Foundation, Photogenesis, Inc., NEIEY02687, and RPB.

STRIATE VI

648.1

648.2

REVERSE CORRELATION MAPPING OF SUBTHRESHOLD SYNAPTIC
POTENTIALS IN CAT PRIMARY VISUAL CORTEX. L. Glaeser. V. Bringuier.
Y. Frggnac*. L. Borg-Graham. C. Monier (I), and G. Fleurv (2). Institut Alfred
Fessard CNRS (1), and Ecole Supdrieu^ d'Electricitd (2), France.
Extracellular analysis of cortical receptive fields (RFs) have revealed the existence of "unresponsive" surround regions by their modulatory effect on the cell's
response to a stimulus presented within the minimal discharge field (MDF).
Obtaining direct evidence for subthreshold excitatory and inhibitory regions extending beyond the classical RF requires methods for generating, recording, and detecting physiologically identified EPSPs and IPSPs.
Simple cells in area 17 of anaesthetized cats were recorded using sharp
intracellular and whole-cell patch electrodes while providing pseudo white noise
input (small light and dark bars flashed randomly in the visual field every 50ms).
The following algorithms were used to detect occurrence times of PSPs in the waveform: (a) threshold-crossing of membrane potential, (b) threshold-crossing of
waveform energy calculated with respect to the average baseline within a brief time
window, and (c) prototypical and waveform-specific template matching to discriminate between fast and slow IPSPs and EPSPs, Ca++ and Na+ spikes. Discrete
event trains were correlated with the stimulus ensemble to yield high spatial
resolution IPSP and EPSP maps.
Subthreshold maps show both excitatory and inhibitory regions extending up
to nine times the area of the classical MDF. Map variance peaked when template
matching was used (especially for inhibitory-like events). All excitatory profiles
were consistent with stimulus-locked waveforms averaged at each spatial location
for both types of stimuli. Moreover, the reverse correlation technique revealed
inhibitory regions which were undetected using stimulus-locked averaging. The
physiological nature of the subthreshold events detected was established from
recordings at different membrane potentials and/or during QX 314 application.
We thank Ralph Freeman for providing stimulus generation algorithms. This work
was supported by grants to YF,from HFSP and Conseil de l'Essonne.

ROLE OF VOLTAGE DEPENDENT INACTIVATING CONDUCTANCES IN THE
CONTROL OF THE VISUAL INTEGRATION FIELD PROFILE IN CAT AREA 17
V. Bringuier. F. Chavanne, C. Monier, L. Glaeser, Y. Fr&mac, J. Lorenccau and K.
Grant*. Institut Alfred Fessard, 91198 Gif-sur-Yvette, France.
Neurons of the primary visual cortex integrate information over a visual area
larger than their minimal discharge field (MDF). Intracellular recordings in cat area 17
in vivo allowed us to study responses to peripheral stimuli, their voltage and timedependency.
Our stimuli consisted of gratings drifting for 400 ms in a restricted portion of
the visual field. Four types of spatial configurations were used: inside the MDF,
"near" periphery, "far" periphery and "global" ("near"+"far") periphery. Voltage
dependency was studied by coupling different levels of depolarizing (usually
subthreshold) and hyper-polarizing current steps with visual activation. Temporal
dependency was assessed by setting the onset of the current pulse either 1000 ms
before or coincident with the initiation of the visual response.
In all cells studied, peripheral stimulation from regions up to 10° away from
the border of the MDF elicited a response. At resting potential, these responses were
usually depolarizing, but hyper-polarizations were elicited in a few cells. Some
hypercomplex cells showed a pure excitatory response to a stimuli localized in the
end-zones and the side bands. When weak or absent at rest, visual depolarizing
potentials could be enhanced or revealed by current-induced depolarizations. Finally,
temporal coincidence of the current step and visual response could further boost
excitatory potentials with respect to the one second delayed response. We hypothesize
that voltage dependent inactivating conductances in the vicinity of the post-synaptic
site may regulate the gain of these connections.
Supported by a MRES, Fondation Fouassier and HFSP.

648.3

648.4

THE CONTRIBUTION OF LGN M AND P LAYERS TO THE CONTRAST
SENSITIVITY OF PRIMATE V1 NEURONS. J.D. Allison1 * , P. Melzeru . Y.
Ding1 . J. Dinger2, A.B. Bonds3, and V.A. Casaqrandeli. Depts. of Cell
Biology1, Psychology2 and Electrical Engineering3, Vanderbilt University,
Nashville, TN 37232.
Magnocellular (M) neurons in the LGN of primates, including bush babies,
exhibit higher contrast sensitivity (i.e. lower contrast thresholds) and
saturate at lower stimulus contrast than parvocellutar (P) LGN neurons. The
contributions of M and P LGN neurons to the contrast sensitivity of

TEMPORAL PROPERTIES OF MAGNO AND PARVO
SUBSYSTEM INTERACTIONS: VEPS TO SIMULTANEOUS
OR ALTERNATING STIMULATION. S. Suter*. P.S. Suter. D.T.
Perrier. B.J. Gragg and T.B. DeLouth. Vision Laboratory,
Psychology Dept., California State University, Bakersfield, CA
93311.
The magnocellular (M) inhibits the parvocellular (P) visual
subsystem. We present VEP evidence that M/P interactions are
subject to important temporal influences. Steady-state VEPs (2nd
harmonic) were recorded (Oz to T3) in two experiments from 21 and
22 adults. Stimuli subtending 14 deg were horizontal gratings
differing in spatial and temporal frequency and contrast (M = 0.86
c/deg with 17%C at 15 Hz, P = 5.00 c/deg with 84%C at 3 Hz). In
Exp. 1, M and P stimuli were rapidly alternated. P duration was ■
always 1.667 s; M duration varied across trials from 10.667 to .333
s. M amplitudes increased by 35% and P amplitudes decreased by
65% as M duration shortened. These results are consistent with
either preferential adaptation of P across time, or optimal P
inhibition during shorter M durations. In Exp. 2, M and P stimuli
were presented for 45-s trials either simultaneously by interleaving
video frames, or separately. For both conditions, M amplitudes did
not increase, whereas P amplitudes increased across the first 20 s.
Thus, the decreased P amplitudes in Exp. 1 are not due to P
adaptation. Consistent with M on P inhibition, P amplitudes were
smaller in the simultaneous condition, while M amplitudes did not
differ between conditions. The M subsystem achieves steady-state
quicker as compared to the P subsystem. M on P inhibition is
greatest when M is stimulated for brief intervals.

individual V1 cells are unknown. To examine this issue we inserted an
injection/recording electrode containing 25 mM GABA in saline into either

the contralaterally innervated M (layer 1) or P (layer 6) layers of the LGN in
bush babies. Multiunit activity was recorded to identify the layers and
locate the receptive fields. We then inserted a recording electrode Into V1
and, after lining up the cortical and LGN receptive fields, measured the

8

contrast response functions (CRFs) of single V1 neurons using spatiotemporally optimized drifting sine-wave gratings presented to the
contralateral eye. The CRF of each V1 neuron was retested after blocking
activity in either the M or P layer with an injection of GABA. When the M

layer was blocked (n=6), the average contrast sensitivity of V1 neurons was
reduced from 16.8 to 8.2 (t=2.95; P<0.05). When the P layer was blocked
(n=6), the average peak response amplitude at high stimulus contrast levels
(i.e. 56%) was significantly reduced from 21.4 spikes/s to 8.3 spikes/s

(f= 1.95; P <0.05). M cells contribute predominantly to the low contrast/high
sensitivity component of the CRF of V1 neurons while P cells mainly
contribute to the high contrast/low sensitivity component. These results

suggest that V1 neurons receive input from both M and P LGN cells.
Supported by EY06410, EY03778, EY01778, and EY08126.
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VISUAL CORTEX:

648.5
EFFECTS OF ADAPTING ON SPATIOTEMPORAL RECEPTIVE FIELD
STRUCTURE IN CAT STRIATE CORTICAL SIMPLE CELLS . A.B.
Saul*. Dept, of Neurobiology, U. of Pgh. Sch. of Med., Pittsburgh PA 15261.
Adapting changes timing, as well as amplitude (Vis. Neurosci. 12:191-205,
1995). Simple cell responses to drifting gratings are delayed at onset, but
unaffected at offset. By examining receptive field structure in control and adapted
states, we have gained some insights into the origins of these specific aftereffects.
These studies also address general issues of the generation of response properties.
Simple cells were recorded in anesthetized, paralyzed cats. Maps were obtained
using both sinusoidally-modulated and briefly flashed bars. The 4-second trials
that generated these maps were preceded by 8-second periods in which the screen
was either blank, to obtain control maps, or in which a drifting grating was
presented to obtain adapted maps, with all conditions interleaved. Analysis of the
responses consisted of amplitude and timing measures at each position, and
predictions of responses to drifting gratings.
Both amplitude and timing of responses to stationary stimuli were altered by
adapting. The main result is that the predictions of the drifting grating responses
from these stationary maps showed the characteristic delay of response onset after
adapting. Although these predictions integrate responses at all receptive field
positions, the effects were generally due to delayed onsets at just a few positions.
Predictions of the aftereffects in spatial and temporal frequency tuning also
corresponded with results obtained from drifting gratings .
Previous studies have demonstrated through population comparisons that
receptive field structure is correlated with response properties. The current
experiments extend these results to comparisons within single cells. They also
extend our notions of how specific adaptation aftereffects are, showing differential
behavior in different parts of the receptive field. These new data are consistent with
a model where adapting potentiates inhibition between simple cells that are in
push-pull arrangements.
Supported by BNS-9021495, EY-10826, and EY-08098.
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648.6
STROBE REARING ALTERS THE SPATIOTEMPORAL STRUCTURE OF
SIMPLE CELL RECEPTIVE FIELDS IN CAT AREA 17.
A.L. Humphrey* and A.B. Saul. Dept. of Neurobiology, Univ. of Pittsburgh School
of Medicine, Pittsburgh, PA 15261
In most simple cells, a link exists between spatiotemporal (S-T) receptive field
structure and direction selectivity (DS). S-T oriented receptive fields possess
gradients of response timing which confer a preferred direction of stimulus movement
across the receptive field. Non-DS cells lack S-T orientation. Here we further
examine the link between receptive field structure and DS using a developmental
paradigm that specifically affects direction selectivity.
Cats were raised from birth to 8 mo. of age in 8 Hz strobe illumination. Drifting

gratings were used to measure the selectivity of >40 cells for stimulus direction,
spatial and temporal frequency and contour orientation. Receptive field structure was
assessed using stationary, sinusoidally modulated bars, which allowed measures of
response latency and absolute phase at different positions in the receptive field.
Cortical cells were normal in all measures except DS and S-T structure. Fewer
than 10%o of the cells were DS, compared to >80% in normally reared cats. All nonDS cells lacked S-T oriented receptive fields; they displayed uniform response timing
within each ON and OFF zone and abrupt jumps in timing between zones, like nonDS cells in normally reared cats. In strobe cats, this change in S-T structure is due
in part to an absence of receptive field positions with absolute phase lags and long
latencies. Such positions are observed in normally reared cats and may reflect inputs
from lagged cells of the lateral geniculate nucleus. Their absence in strobe cats may
indicate failure of the lagged afferents to drive cortical cells.
In summary, these results provide further support for the role of S-T structure in
conferring direction selectivity in simple cells. Strobe rearing eliminates direction
selectivity by altering the timing of cortical responses within the receptive field.
Supported by EY06459, EY10826, EY08098 & BNS9021495.

648.8

A ROLE FOR GABAa-MEDIATED INHIBITION IN GENERATING THE
SPATIOTEMPORAL STRUCTURE OF SIMPLE CELL RECEPTIVE FIELDS.
A.Murthy*, K. Sun & AL. Humphrey. Dept. of Neurobiology, Univ. of Pittsburgh
School of Medicine, Pittsburgh, PA 15261
Many simple cells possess gradients of response timing across their receptive
fields. This property is known as spatiotemporal (S-T) orientation, and it is
correlated with cells’ direction selectivity (DS). The mechanisms underlying S-T
orientation are unknown; they may reflect inputs from the lateral geniculate nucleus,
the striate cortex, or both. Here we examine the role of intracortical inhibition.

The GABAa antagonist N-methyl-bicuculline (NMB) was iontophoresed onto
simple cells in cat area 17, and its impact on S-T structure and DS were measured.
S-T structure was determined using stationary, sinusoidally modulated sinewave
gratings at different spatial phases. Direction selectivity was measured with drifting
gratings. All stimuli were randomly interleaved in the control and NMB conditions.
The first harmonic response was a valid measure, even during NMB application.
Of 11 direction-selective cells with S-T oriented receptive fields, 7 showed NMBinduced reductions in DS and S-T orientation. Response timing became more
uniform across their receptive fields. For these cells, changes in the two measures
were correlated (r=0.87; p<0.01). In contrast, the other 4 direction-selective cells
showed little or no change in DS despite NMB-induced increases in their visually
driven activity. S-T orientation in these cells was affected more variably.
These data show that S-T structure and DS covary in single cells; this extends
previous observations based on comparisons among populations of cells. In addition,
the data reveal that GABAa-mediated inhibition can act to create direction selectivity
through its impact on S-T structure. However, heterogeneity appears to exist among
simple cells in the dependence of their direction selectivity on this inhibition.
Supported by EY06459 and EY08098.

SPATIAL SUMMATION PROPERTIES OF THE MACAQUE VI
NEURONS IN THE RETINOTOPIC REPRESENTATION Of THE
BLIND SPOT. H. Komatsu*. I. Murakami. M. Kinoshita Lab. of
Neural Control, National Institute for Physiological Sciences, Okazaki,
Aichi, 444 Japan.
In a previous study (Neuroscience Research Suppl. 19), we have
shown that when a large stimulus covering the blind spot (BS) is
presented monocularly, it activated about 15% of neurons in the
retinotopic map of the V1 representing the BS. Many of these neurons
were located in layer 6, and most of them had very large receptive
fields that covered large parts of the BS and extended out of it. We
suggested that these neurons may consist of an important part of the
neural mechanisms of filling-in at the BS by importing visual
information from the surround to the inside of the BS in the retinotopic
representation in V1. In the present study, we examined the spatial
summation properties of these neurons in order to determine the spatial
characteristics of such huge receptive fields. Two monkeys were trained
a visual fixation task, and visual responses of neurons were recorded
using stationary stimuli of various sizes and at various locations with
respect to the BS. The following two properties were found. (1) Many
of these neurons preferred larger stimuli to some extent, in contrast to
most of the V1 neurons which are suppressed by a large stimulus. This
suggests that spatial summation of visual information takes place across
a rather large visual field. (2) In some of the neurons, onset of the
response was delayed systematically with increasing the distance
between the stimulus and the center of the receptive field, whereas the
magnitude of the responses was not decreased systematically. This
seems to suggest that propagation of activities involved in the formation
of a huge receptive field occurs in a cortical level.

648.9

648.10

EVIDENCE FOR SCALE-INVARIANT MEDIAL AXIS REPRESENTATION
IN PRIMATE STRIATE CORTEX. T.S. Lee*. Dept. of Brain and Cognitive
Sciences, MIT; Div. of Applied Sciences, Harvard University.

DO SIMPLE CELLS IN THE CAT’S STRIATE CORTEX ENCODE BINOCULAR
DISPARITY THROUGH POSITION AND PHASE INCONGRUITIES? A. Anzai.
I. Ohzawa. R. D. Freeman, and T. E. Cohn*. Group in Vision Science, School of
Optometry, University of California, Berkeley, CA 94720-2020
The visual system utilizes binocular disparity to obtain information about the
relative depth of objects in space. Most cells in the striate cortex are selective to
binocular disparity, suggesting that these neurons form the first processing stage for
stereopsis (Barlow et al. 1967; Pettigrew et al. 1968). It has been suggested that
binocular disparity is encoded by spatial offsets (position disparities) of left and right
eye receptive fields (RFs) that have identical internal structure (Nikara et al. 1968;
Maske et al, 1984). However, we have shown with detailed RF mapping studies that
RF profiles for the two eyes are not necessarily the same and that binocular disparity
can be encoded through differences in RF phase between the two eyes without position
disparity (Freeman & Ohzawa, 1990; DeAngelis et al. 1991). This raises a question
as to whether simple cells encode binocular disparity through phase disparity alone or
through both position and phase disparities. To answer this question, we
simultaneously map RFs of multiple simple cells in anesthetized and paralyzed cats to
obtain phase disparity for each cell as well as position disparity between the cells. We
then determine the relative contributions of phase and position disparities to the
binocular disparity tuning of the ceils.
Dynamic noise patterns generated according to binary m-sequences are presented
over the RF locations on two graphic displays, one for each eye, to map left and right
eye RFs simultaneously. Responses of cells to the noise patterns are cross-correlated
with the stimulus sequence to obtain RF maps. These maps are then fitted with a
Gabor function to estimate phase and center coordinates of the RFs. Phase and relative
position disparities are obtained from the estimated parameters.
We find that the majority of simple cells exhibit incongruities in position as well
as in phase. Although the contribution of position disparity to the disparity preference
of some cells is substantial, position disparity is generally limited to the extent that is
equivalent to a 90° phase disparity. Therefore, we conclude that these simple cells
encode binocular disparity through both position and phase incongruities but position
disparity alone may not be sufficient to encode large disparities. (EY01175)

Striate cortical complex cells’ responses are enhanced preferentially at the boundaries and at the center of texture squares and texture strips [Lee et al. ARVO
1995]. We hypothesized that the response peak close to the center of the texture figure is the neural correlate of the medial or symmetry axis representation
of a visual object. To test this hypothesis, we isolated 43 complex cells in the
striate cortex of an awake behaving rhesus monkey and studied their responses
to texture strips of different widths, ranging from 2 degrees to 6 degrees in visual angle. The cells’ RF were located at 3° ± 0.7° eccentricity from the fovea.
Each strip stimulus was presented at a randomized series of sampling positions
relative to the cells’ CRF (size < 0.3°) while the monkey fixated. The spatial
sampling intervals were 0.5° for the 6° and 4° wide strips, 0.375° for the 3° wide
strips, and 0.25° for the 2° wide strip. 9 of the 25 cells that were tested with
6° strips, 23 of the 37 cells tested with 4° strips, 8 of the 13 cells tested with 3°
strips and 4 of the 4 cells tested with 2° strips showed an enhanced response at
the center of the strips. 10 of the 28 cells that were examined for at least two
widths exhibited central response peaks across scale. Strips were also sampled
across different cross-sections and the enhanced responses were observed along
the midline of the strips. This invariance of response enhancement along the
midline and across multiple widths further suggests the plausibility of a medial
axis representation in V1. The decrease in the proportion of the cells exhibiting
the medial peaks with increasing strip width reflects a spatial constraint that
limits the medial axis computation to a narrow range of spatial scale at each eccentricity. However, strips of comparable widths elicit stronger medial response
at 5° eccentricity, indicating that the medial axis of different ranges of object
dimension might be computed at different eccentricities in V1.
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648.12

COMPARISON OF THE CLASSICAL AND THE INTEROCULAR
SUPPRESSIVE RECEPTIVE FIELD USING RECEIVER OPERATOR
CHARACTERISTIC
ANALYSIS
REVEALS
A
CLOSE
SPATIAL
CORRESPONDENCE IN ANAESTHETISED CAT. Tobe C.B. Freeman. Frank
Sengpiel. and Colin Blakemore*. University Laboratory of Physiology. Oxford
0X1 3PT, U.K.
Interocular suppression is observed in cat primary visual cortex when a cell
responding to an optimal grating in one eye is presented with an orthogonally
oriented stimulus to the receptive field in the other eye (Sengpiel et al. 1995.
Vision Research 35:179-95). We sought to determine the area within the visual
field over which this suppressive binocular interaction could be evoked. The
entire receptive field of the dominant eye was stimulated with a drfiting
sinusoidal grating of optimal orientation and direction of drift. The receptive
field of the other eye was probed with a small, orthogonally oriented drifting
grating patch placed in random sequence in a matrix of positions within and
around the classical receptive field. Using a monocular probe stimulus of
optimal orientation, the classical receptive field in that eye was also mapped in
a similar fashion.
We used Receiver Operator Characteristic (ROC) analysis to estimate the
significance of the changes in firing rates. The technique allowed us to make
direct statistical comparison between the classical and suppressive receptive
field profiles in the same eye.
We find that the spatial organization of the interocular suppression field
matches closely that of the classical receptive field in both location and size
(70 cells, of which 15 were analysed in detail). Interocular suppression can be
elicited over a range of non-optimal orientations and spatial frequencies
(Sengpiel et al. op. cit.), while its spatial extent is similar to that of the classical
receptive field.
Supported by MRC and Oxford McDonnell-Pew Centre for Cognitive Neuroscience

TWO DIFFERENT MECHANISMS UNDERLIE SUPPRESSIVE PHENOMENA
IN CAT PRIMARY VISUAL CORTEX. Frank Sengpiel*. Roland J. Baddeley.

Tobe C.B. Freeman, Richard Harrad1 and Colin Blakemore.
University
Laboratory of Physiology, Oxford OX1 3PT, U.K. and 1 Bristol Eye Hospital,
Bristol BS1 2LX, U.K.
In cat area 17 (V1) the response of a cell to an optimal stimulus in one eye
can usually be reduced by an orthogonally oriented grating either presented to
the other eye (interocular suppression) or superimposed in the same eye
(cross-orientation inhibition). Sengpiel et al. (1994) reported that interocular
suppression causes a reduction in response proportional to the unsuppressed
level of response, with no shift of contrast threshold.
But Bonds (1989)
reported that cross-orientation inhibition raises contrast threshold without
changing response vs contrast gain. Here we compared these two types of
suppression, and surround inhibition, in the same neurons.
For 25 neurons in V1 of anaesthetized paralysed cats, we measured
response, R, to 1) dichoptically presented orthogonal gratings, 2) superimposed orthogonal gratings, and 3) a circular grating patch surrounded by an
iso-oriented grating in an annular window (so as to elicit surround or end
inhibition). In each condition, the contrast c of the excitatory stimulus was
varied randomly, while that of the suppressive grating was kept constant. Data
were fitted by a hyperbolic ratio function, R = Rmax ■ cnj(c^ + cn) + b.
For all cells tested, cross-orientation inhibition was best described as an
increase in C50, while for 53% of cells, interocular suppression was best
described as a reduction in Rmax. Inhibition by surround stimuli was about
equally well fitted by changes in either 050 or Rmax. Our data suggest that
different inhibitory mechanisms, one 'divisive' and one 'subtractive', may
operate in V1 to mediate the various types of suppression.
Supported by MRC and Oxford McDonnell-Pew Centre for Cognitive Neuroscience

648.13

648.14

SPATIAL PHASE GRADIENTS IN NEOCORTICAL EEGs GIVE
MODAL DIAMETER OF "BINDING" DOMAINS IN PERCEPTION.
W. J. Freeman*, J. M. Barrie, M. Lenhart, R. X. Tang. Dep't of
Molecular & Cell Biology, Univ. of California, Berkeley CA 94720
Spatial patterns of EEGs were derived from 8x8 epidural
electrode arrays (0.5-0.8 mm spacing) on the olfactory bulb (OB),
prepyriform cortex (PC), and the visual, auditory and somatic
cortices of rabbits. Phase was measured for components of the
aperiodic wave forms in segments (64-512 msec) with AM-FM
modulated Fourier components. Phase gradients in the OB had
the form of a cone, for which the location and signs of the apices
(maximum lead/lag) varied randomly. Phase velocity converged
to 1.80±0.43 in m/s, the estimated conduction velocity of mitraltufted axon collaterals. Most (80%) phase gradients in PC had
the conduction velocity of olfactory tract (2.6 m/s). Others were
endogenous gradients at 1.0 m/s for activity in low gamma and
high beta ranges (20-60 Hz). Neocortical velocities had skewed
distributions, with modes dependent on frequency, from 2.0 m/s
at 22 Hz to 3.5 m/s at 48 Hz. Commonality ("phase locking",
"binding") was defined as oscillation within the half power range
(± cos 450). An invariant estimate emerged on multiplying the
phase velocity in mm/ms by 0.25 cycle in ms = 21.0±0.5 mm for
modal diameter of most neocortical domains, but 6.1 ±2.5 m/s for
some in somatic cortex. This is consistent with ECoG data from
exposed human cortex (<2 cm) and with cat unit recordings (for
example, at 40 Hz the estimated lag across 7 mm is 0.55 ms).

INTER-OCULAR DISPARITY AND VARIATION IN RECEPTIVE FIELD
POSITION AND ORIENTATION PREFERENCE STUDIED BY TETRODE
RECORDINGS IN CAT AREA 17. P. A. Hetherington*. N. V, Swindale. & D.
Zhao. Department of Ophthalmology, University of British Columbia, 2550
Willow St., Vancouver, BC, Canada, V5Z 3N9.
Tetrodes are four closely-spaced metal microelectrodes that allow the
simultaneous recording of multiple single units. We used the tetrode technique to
study variations in receptive field position (RFP), orientation preference (OP), and
inter-ocular orientation and receptive field disparity among local (100pm) groups of
neurons in cat area 17. Units were stimulated with moving bars (0.25-0,5° x 1.52.0°) and isolated off-line using the peaks, valleys, and phase angles of the spike
waveforms from the 4 channels. Our preliminary observations are based on
recordings from 77 cells in 15 sites in area 17 of paralyzed cats anesthetized with
isoflurane and N02. Between 3 and 9 cells were simultaneously recorded at each
site. In agreement with a previous study using tetrodes (Maldonado & Gray, 1994,
SNA, 266.10), the average maximum range in OP between cells of the same cluster
was 28.6°, and varied from 9.1° to 85.5°. The variation in OP of cells within a
cluster receiving ipsilateral eye input was correlated (r=.77) with the variation in OP
of the same cells receiving contralateral input. The average amount of variation in
OP within an eye (ipsi=4.91°, contra=5.11°) was slightly greater than the average
variation between the eyes (3.18°). The RFP also varied within clusters: the average
maximum range in RFP between cells of the same cluster was 1.10°, and varied
from 0.41° to 1.67°. The average RF width (s.d. of a best-fit Gaussian) was 0.59°,
and varied on average 0.42° within a cluster. The RFP scatter was greater in the
horizontal (0.36°) than in the vertical (0.28°) dimension, but this difference was not
statistically significant (p=.09). Ipsilateral r Fp variation was similar to the variation
in contralateral RFP within a cluster (0.53° vs. 0.57°), and there was an average of
0.46° inter-ocular disparity in RFP (N=37). Because RFP and OP were measured
simultaneously in neighboring cells, it is unlikely that the variations within each
cluster were due to eye movements. These variations among neighboring neurons
may be necessary for dimension reduction in cortex. Supported by grants from
MRC Canada to NVS and from NSERC to PAH.

648.15

648.16

SYNCHRONIZATION OF SINGLE UNIT SPIKE TRAINS IN CAT VISUAL
CORTEX IS STIMULUS DEPENDENT

INTERHEMISPHERIC SYNCHRONIZATION IN CAT VISUAL CORTEX IS
COMPARABLE TO SYNCHRONY WITHIN HEMISPHERES. A.K. Engel*. P.
Konig. P.R. Roelfsema. M.H.J. Munk and W. Singer. Max-Planck-Institut fur Himforschung, Deutschordenstr. 46,60528 Frankfurt, Germany
Recent studies of neuronal interactions in the visual cortex indicate that synchronous firing of neurons may be relevant for the integration of distributed responses
into coherent representational patterns. One important step in validating this hypothesis is the demonstration that synchrony can also occur between neurons located in different cerebral hemisperes. Several years ago, we have reported the existence of such
interactions in cat visual cortex. We have now investigated the features of interhemispheric synchronization in greater detail to facilitate comparison with the synchrony
observed within each hemisphere. Multiunit and field potential responses were recorded
simultaneously from left and right area 17. Our results demonstrate that strong temporal correlations with a precision in the millisecond range can be observed between neurons in left and and right striate cortex. On average, the synchronization occurred without phase lag. The strength of the interactions was comparable to that observed within
each hemisphere and was dependent on the overlap of the receptive fields but not on
differences in the neurons' preferred orientations. If synchronization occurred, it was
almost always associated with an oscillatory modulation of the responses at frequencies in the range of 30-80 Hz. Similar to the synchrony observed within hemispheres,
the interhemispheric interactions were influenced by the configuration of visual stimuli. Synchrony was weak for incoherent stimulus arrangements and was higher if stimuli with similar orientation or direction of motion were used to coactivate different cell
groups. The interactions were completely abolished in cats where the corpus callosum
had been sectioned prior to the physiological experiment, demonstrating that the synchronization is mediated by connections at the cortical level and not by driving common input from subcortical structures. Taken together, the data are compatible with
the hypothesis that synchrony may be exploited to establish relationships between responses of spatially distributed neurons, synchronization across the hemispheres then
serving for the binding of signals arriving from different visual hemifields.
(AKE acknowledges support by the Heisenberg Program of the DFG.)

W.A. Freiwald*, A.K. Kreiter, and W. Singer, Max-Planck-Institut fur
Himforschung, D-60528 Frankfurt, F.R.G.
Theoretical considerations and results from multi-unit recordings suggest that
synchronization of neuronal activity could serve as a binding mechanism in the
formation of neuronal assemblies. To investigate, whether the synchronization
between single cells depends on stimulus properties, we recorded simultaneously with
several stereotrodes multiple single units in area 17 of the anaesthetized cat.
Amplitude and position of the correlation peaks were strongly influenced by the
orientation of the moving bar stimuli. The changes of correlation peak position
followed in most cases the rule that the more strongly activated cell leads by up to 10
ms over the other. The effect of different global stimulus configurations on the
synchronization between pairs of single cells was studied with two different
paradigms. If the receptive fields (RFs) of both cells were spatially separated and
colinearly oriented, they were simultaneously activated either by a long bar moving
over both RFs or by two independent bars moving in opposite directions, each one
over only one of the two RFs. Neurons with overlapping RFs but different preferred
orientations were both activated either by a single stimulus, or with two bars, their
orientations matching approximately the respective preferences of the two cells. We
found in both paradigms that for cells which had synchronized their spikes in
response to a single coherent stimulus synchronization was reduced or absent when
they were activated by two incoherent stimuli. The reverse pattern was never
observed.
We conclude that correlations between single units depend on the actual stimulus
configuration and do not directly reflect the fixed anatomical connectivity.
Furthermore, the results indicate that synchronous activity could serve to define the
set of neurons whose responses represent features of the same visual stimulus.
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648.18

NEURONS RESPONDING WITH DIFFERENT LATENCIES AND TIME
COURSES TO A VISUAL STIMULUS ENGAGE IN NEAR-ZERO DELAY
MUTUAL CORRELATION IN THE VISUAL CORTEX OF AWAKE MONKEY.
REckhom*, RRutschmann, T.Woelbem, A.Frien, RBauer. Deptm. Physics, PhilippsUniversity, Renthof 7, D-35032 Marburg, Germany.
We studied visual temporal coding by investigating the internally generated signal correlations
of neurons activated by the same visual stimulus. Single- (SUA), multiple-unit (MUA), and local
field potential (LFP, 10-140 Hz) were recorded in the striate cortex of an awake macaque monkey
by a linear array of 7 fiber p-electrodes and analyzed by cross-correlation methods. During a
fixation task the RFs were stimulated by a sinusoidal grating (switched on at preferred orientation
and spatial frequency, stationary’ for Is, then drifting at a local temporal modulation of 2 Hz for
3s). Classification of neurons into simple and complex (classical test of spatio-temporal
modulation) did not reveal the separable classes as in anesthetized animals. Nevertheless, we
divided the distribution into simple- and complex-like cells according to their depth of
modulation. Their response latencies to the onset of the grating were not different, having a broad
temporal dispersion with groupings around 50,100 and 145 ms (N=72). Activities were typically
non-rhythmic before and during the rising phase of the transient response to stimulus onset.
During later response epochs, including stationary and slow movement stimulation, fast oscillatory components of high amplitudes dominated the neural signals (35-60 Hz). Both, phasic
and rhythmic response epochs revealed cross-correlation center peaks close to zero delay (few ms)
including SUA-LFP, Mu A-MUA and MUA-LFP correlations at the same and different
recording sites (cortical distance: 0-4.5mm). The SUA-LFP correlation peak delay differences of
stationary and moving gratings were significantly less than zero (p<0.01) and showed slightly
different values for simple- and complex cells (C: -0.09±0.20 ms, N=18 / S: -0.34+0.32 ms,
N=29). The present results support previous observations of cortical temporal coding around zerodelay. Near-zero correlation was present independent of onset response latency and PSTH-course,
non-rhythmic and rhythmic epoch, small and large cortical separation, simple and complex cell,
MUA and LFP. However, resolving cross-correlations over response time revealed rather
complex temporal patterns depending on neuron and stimulation. (Supported by DFG: Ec53/6
and 53/7 to RE.)

OSCILLATORY GROUP ACTIVITY REVEALS SHARPER ORIENTATION
TUNING- THAN CONVENTIONAL MEASURE IN PRIMARY VISUAL CORTEX OF
AWAKE MONKEY. A.Frien. REckhom, T.Woelbern. RBauer, H.J. Reitboeck* .
Deptm. Biophysics, Philipps-University, D-35032 Marburg, Germany
Orientation selectivity is a prominent characteristic of neurons in the visual cortex. We asked,
whether last oscillatory group signals (35-60Hz) show sharper orientation tuning than the conventional measure (integrated response). This is expected if neurons that code similar visual features (e.g. orientation) engage in mutually facilitating oscillations. From 7 fiber p-electrodes we
recorded single and multiple unit activity (MUA) and local field potentials (LFP, U-14^ Hz) in
the macaque striate cortex. In a fixation task the RFs were stimulated by a sinusoidal grating at
different orientations. Orientation tuning of MUA in V1, utilizing the conventional measure, was
nearly as sharp as for single units (73.6±27.6°, N=70). The latter exceeds reported values [e. g.,
Vogels et al, Exp Brain Res, 84:11991] which is mainly due to our sine interpolation algorithm.
In addition, we found that oscillatory components of MUA reveal a significant reduction in the
halfwidth of the orientation tuning compared to that of the integrated response ( p < 0.01;
difference: 8.4±10.5° / oscill: 75.4+16.0° / integr: 83.8°±20.2°). For oscillatory MUA components 100 (off 119) recording positions were sharply tuned while there was not a single for oscillatory LFP ("sharp tuning": response drops below half of its maximal value). Therefore we calculated an index of orientation (Ol = max. response / min response -1), obtaining also significantly
sharper orientation tuning for LFP oscillations than for the integrated LFP response (p < 0.05;
OI(oscill) = 0.40±0.28, OI(integr) = 0.30±0.17; N=119). The large width of the present LFP
orientation tunings is in contrast to the sharp orientation tuning of previous results for stimulation
with moving bars [Eckhom et al, NeuroReport 4:243, 1993], This effect is probably due to the
different extent of the cortical circuits activated by the two stimuli. In summary, our results support previous proposals that neurons of similar orientation preference engage in a common,
synchronized oscillation when stimulated close to this orientation The sharper tuning of
oscillations compared with the integrated responses proves, in addition, that the oscillatory
components mutually facilitate while this is not the case for the other components. It is probable,
therefore, that this facilitation has implications for the perception of oriented visual structures.
(Supported by DFG Ec 53/6 and 53/7 to RE.)

648.19
VISUALLY INDUCED GAMMA BAND RESPONSES
IN HUMAN EEG

M.M. Muller, J. Bosch, T. Elbert*,J. Riera, M. Valdes-Sosa, and
B. Rockstroh
Dept. of Psychology, University of Konstanz, P.O. Box 5560, D78434 Konstanz, Germany.

On the basis of animal studies, gamma-band oscillations have been
proposed as a possible fundamental physiological mechanism solving
the binding problem. In contrast to evoked gamma-band responses
(GBR), induced GBRs are neither time nor phase locked to the stimulus
onset. Averaging of trials most certainly will result in the disappearance
of GBRs in the grand mean. In addition, the anatomical location of Area
17 may lead to a neutralization of electrical, dipoles when visual full field
stimulation is carried out.
Seven subjects were either stimulated with a long moving bar
(coherence) or two bars moving in opposite direction (incoherence) on
the left side of the screen, while fixating a cross at the center. Electrodes
were placed pario-occipitally (10-20 system). Single trials were
analyzed by Gabor transformed spectral analysis. The resulting
evolutionary spectrum showed significantly higher gamma band activity
in combination with alpha suppression at the contralateral hemisphere
during coherent movement as compared to incoherent movement.
Supported by the Deutsche Forschungsgemeinschaft Mu 972/2-1
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MAXIMIZATION OF INFORMATION IS CONSISTENT WITH THE
ORGANIZATION OF VISUAL CORTEX. B.J. Richmond* and G.X. JIN.
Laboratory of Neuropsychology, NIMH, Bethesda, MD 20892.
The patterns of connections among neurons probably arise from genetically specified rules rather than from the exact specification of structure. We
have studied the consequences of one simple rule: that the network has
developed to preserve as much information as possible across neuronal layers
(the biologically-inspired Hebb rule is a special case of this). We considered
4 structures for a layer of neurons, adapting each according to this rule. (1)
The neurons have independent noise on the outputs and noiseless inputs (a
case examined closely by Linsker). (2) The neurons have correlated noise on
the outputs and noiseless inputs. (3) The neurons have correlated inputs with
no further noise added. (4) There is correlated noise on the inputs and the neurons have correlated instrinsic noise which is independent of the noise on the
inputs. These different models make different predictions about the correlation
of noise on the inputs with the correlation of signals on the outputs, and the
role of noise in the speed of network adaptation. We compared the first prediction, i.e., the effect of correlated input noise on correlated output signal, with
recordings of neuronal pairs made by Gawne and Richmond in V1 and IT cortices, and Ghose and Freeman in V1. For Gawne and Richmond, the input
noise was correlated at about 5% variance, and the output information was
about 10% redundant. Ghose and Freeman found the same input noise correlation and about 15% signal correlation. The model with correlations on both
the inputs and within the layer (model 4 above) matches the experimental
results almost exactly. The results are consistent with the assumption that the
visual cortex self-organized according to a rule that maximizes the preservation of local, information across layers.

TIME SCALES IN THE INFORMATION PROCESSING DYNAMICS OF
PRIMATE STRIATE CORTICAL COMPLEX CELLS. G.XJin* .T.J.Gawne,
J.A.Hertz, and B.J.Richmond. Laboratory of Neuropsychology, National Institute of Mental Health, Bethesda MD 20892, and NORDITA, DK-2100
Copenhagen, Denmark.
The time scales associated with the dynamics of neural information processing are not well understood. We measured information transmission in the
responses of V1 complex neurons in awake monkeys to sequences of twodimensional black-and-white patterns presented as a movie in both fixed and
random orders. The speed of the movie was varied, the duration of each pattern in the sequence ranging from 16ms to 128ms.
The responses elicited by the fixed sequence were quite sterotyped, with
pulses related to the pattern change often appearing to be aligned across trials,
as reported by Bair and Koch for MT neurons. For the random sequences, we
estimated the- information transmitted about stimulus pattern using a neural
network. We found: (1) The stimulus-related information rises as the duration
of the patterns in the sequence increases. (2) Information begins rising about
60ms after the stimulus appears. (3) Information rises steeply during the next
40ms and then continues to rise more gradually through at least another 90ms.
(4) The duration of the information rise is never longer than the length of the
presentation period for a pattern. (5) The rate of information transmission
peaks between 10 -and 20 bits/sec, and remains high for a substantial proportion of the stimulus duration. Points (3) and (5) taken together show that the
response carries a large amount of redundant information. (6) There is information about the preceding stimulus in the visual response to the current
stimulus, i.e., there is a short memory of the preceding stimulus; this memory
lasts for at least 30 ms.
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HOW MUCH INFORMATION IS CARRIED BY CORRELATED NEURONS? RE. Latham*, G.X. Jin, T.J. Gawne. and
B.J. Richmond. Lab. of Developmental Neurobiology, NICHD, and
Lab. of Neuropsychology, NIMH, Bethesda, MD 20892.
Experimental results from V1, IT and MT indicate that neuronal responses are correlated (ps = signal correlation « 15% and
PN = noise correlation « 5%). How much do these correlations
affect the amount of information a population of M neurons can
carry about a stimulus? For a Gaussian signal and noise, and a
signal to noise ratio of S/N, the mutual information, I, is given by

COMPUTING MEAN FIRING RATES OF ENSEMBLES OF REALISTIC
NEURONS. A.G. Siapas, E. Todorov and D.C. Somers* MIT, E25-147A,
Cambridge, MA 02139
Realistic models of neural circuits typically are too complex to be
analyzed exactly and have too many parameters to be fully explored in computer
simulations. Thus, methods for characterizing the collective dynamics of such
systems are needed. Here, we develop a technique for approximating the mean
firing rate of highly interconnected, homogeneous groups of neurons that
receive Poisson input. This technique applies to single compartment neurons
with realistic synaptic and intrinsic currents. Assuming only that conductances
equal their averages, we derive a nonlinear equation relating the mean firing rate
to the cellular and network parameters. This approach extends to the analysis of
multiple neuronal groups, for which a system of equations is derived.
We compare our analytical results to simulations and observe a close fit
for most parameter settings. In a system with 2 excitatory and 2 inhibitory
groups with a total of 250 cells, the approximation error is less than 2%. The
accuracy of mean firing rate calculations depends on proper estimation of the
afterhyperpolarization reset potential. Unlike most related techniques which
assume a constant reset potential, our method computes this potential as a
function of input. The current form of our analysis is inaccurate only near
threshold input levels where conductance variability significantly affects firing
rate. We are presently extending the approximation technique to take this
variability into account.
Computing the mean firing rate with our technique reduces to solving a
system of nonlinear equations, which is much faster than full simulation. In
addition to guiding the search for suitable model parameters, our technique also
can yield analytical insights not available through simulations. For example, we
can estimate the sensitivity of the mean firing rates to changes in model
parameters. In addition, the system of equations can be solved directly to find
parameter settings that achieve a desired set of mean firing rates.
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As long as the signal is not totally correlated (ps < 1), the information scales as the number of neurons, M. Correlations in
the signal induce correlations in the response, so the information
scales as M even when the neurons are correlated. For a completely
correlated signal (ps = 1) and uncorrelated noise (pN = 0), the information scales as log(M). Finally, for a completely correlated
signal (ps = 1) but slightly uncorrelated noise (pn > 0), the information asymptotes to a constant. In our poster we extend these
results to non-Gaussian distributions, and discuss ways to compute
information from neuronal populations in realistic experiments.

649.6

649.5
SUBCORTICAL CONTROL OF SYNCHRONIZATION OF CORTICAL ACTIVITY: A MODEL. R Konig, RF.M.J. Verschure*. The
Neurosciences Institute, San Diego, CA 92121.

A large body of experimental results suggest that the synchronization and desynchronization of neuronal activity is an important feature of cortical dynamics. These
processes may serve binding and segregation of neuronal populations forming representations of perceived objects. An implication of this hypothesis is, that not only the
level of neuronal activity, but also the level of coherence in the cortical network is
regulated.
Here a model of the interaction of cortical areas with subcortical structures is
presented, which addresses this issue. In the cortical network the distribution of
synapses along the dendritic tree is captured by taking into account their finite
electrotonic length. This parameter specifies the size of the set of effective synapses.
The electrotomc - length is influenced by modulatory transmitters released by the
afferents of subcortical neurons, which are modeled to be very sensitive to synchronous
input and are assumed to perform a spatial integration of cortical activity, thus
forming a regulatory system for the level of cortical synchronization. These general

principles have been applied to a model of the visual cortex demonstrating the
adjustment of the interaction of cortical neurons to the degree of coherence present in
the visual stimulus. Furthermore, this mechanism allows the regulation of the spatial
scale of cortical processing. These results are in accordance with recent experimental
observations (Munk et al. 1994, Neuroscience Abstracts), which demonstrate the
involvement of the parabrachial nucleus in the regulation of cortical synchronization.
In conclusion, this study contributes to the evidence that dendritic processing forms
an integral part of the function of neurons. Moreover subcortical structures can
modify dendritic integration in cortical neurons and thus influence their degree of
synchronization.

SINGLE UNIT RECORDING CAPABILITIES OF A 100 MICROELECTRODE
ARRAY. C. T. Nordhausen*. E. M. Maynard. P. J. Rousche. R. A. Normann.
Moran Laboratories, Department of Bioengineering, University of Utah, Salt Lake
City, Utah 84112, USA
Recently, the focus of many cortical electrophysiological studies has switched from
the conventional single microelectrode approach to multielectrode investigations.
This has been the result of the interest in the parallel processing aspects of cortex, and
the spatiotempo^ral firing patterns of ensembles of neurons. We have developed a
three dimensional silicon electrode array, the Utah Intracortical Electrode Array, which
provides 100 separate channels for neural recording in cortex.
In order to demonstrate the efficacy of the electrode array for intracortical recording,
we have quantified various aspects of its acute and chronic recording capabilities. Our
preliminary results from acute preparations indicate that 60 to 70% of the electrodes
yield evoked neural activity. Histology indicates that the majority of the remaining
electrodes do not yield neural activity because they are positioned over a sulcus. The
amplitude of the responses recorded with the array range from 40 to 180 pV with
background noise on the order of 10 to 15 pV. Although the signal to noise ratio of
these recordings is not as high as in the case of single microelectrodes, we are able to
identify, on average, 3.5 units for each electrode that has recordable activity using
time and amplitude window discrimination techniques. We have identified and tracked
the same units for up to 4 weeks postimplant in ongoing chronic implantations.
These results indicate that the electrode array provides a stable substrate for long term
neural recording in cortex.
The recording capabilities of the array combined with the large number of available
electrodes allow for a wide range of potential applications. Long term studies of
specific groups of neurons in cortex are possible because of the stability of the
electrode array. The identification of single units make it possible to acutely record
from hundreds of units simultaneously.

649.7

649.8

OPTIMAL POPULATION CODES FOR A FUNCTIONAL
ANALYSIS OF VISUAL CORTEX DYNAMICS.
M.A. Giese,
A.C. Akhavan*, W. Erlhagen, D. Jancke, A. Steinhage, H.R. Dinse, G.

PRESERVED MOTION DISCRIMINATION IN MONKEYS WITH
EARLY LESIONS OF STRIATE CORTEX. T. Moore. A.B. Repp. H.R.
Rodman*, C.G. Gross. Department of Psychology, Princeton University,
Princeton, NJ 08544.
The ability to discriminate visual stimuli on the basis of presence or
direction of motion has been reported to survive damage to striate
cortex in humans. In contrast, we previously reported (Moore et al., NS
Abs. 19: 1801, 1994) that monkeys with unilateral striate lesions could
not distinguish direction of motion in small (5 deg. diameter) dynamic
random dot displays presented in the hemifield contralateral to the
lesion. To address the possible role of stimulus size and retinal position

Schoner. Institut fur Neuroinformatik, Ruhr-Universitat, Bochum, Germany and CNRS-LNC, Marseille, France.
Application of population codes for a simple reconstruction of the stimulus or effector response from neural response data does not reveal much
insight in the functional mechanisms in the neural substrate. We redefine
population code as a class of algorithmic schemes projecting a set of measured neural activities onto one or more interesting parametric dimensions.
Specifying these dimensions by a task or stimulus makes collective neural
response data usefully interpretable.
Regarding population coding as a mathematical estimation problem we
construct an optimal population estimator for the neural activity distribution over an abstract parameter space. We use a linear population estimator with well defined statistical properties derived by generalization from
the optimal linear estimator described by Salinas & Abott (J. of Comp.
Neurosc. I: 89, I994). Estimated activity distributions from cat primary
visual cortex can directly be compared to predictions derived from a neural
field model on dynamical spatio-temporal interactions in the visual field.
The model reproduces psychophysically observed attraction and repulsion
effects. It yields predictions for the activation dynamics in the underlying
neural ensemble, which are specific for the functional properties of the neural substrate.
Supported by the Studienstiftung des deutschen Volkes, Graduiertenkolleg KOGNET, and DFG, Di 334/5-1 und Scho 336/4-2.
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in the residual visual capacity following striate cortex damage, we
tested the ability of 3 monkeys with unilateral striate lesions made in
infancy (5-6 weeks) to discriminate direction of motion in considerably
larger (15 deg. diameter) displays of 0.5 deg. random dots centered at
13.5 deg. on the horizontal meridian. Magnetic resonance imaging
indicates a complete lesion in one subject and only limited sparing of the
peripheral field representation in striate of the other two. A go/no-go
paradigm using a saccadic eye movement response was employed to test
the monkeys' ability to discriminate upward from downward motion at
4 and 20 deg./sec. All monkeys learned the tested discriminations in
both hemifields. The results suggest that in monkeys with striate
cortex damage, some motion discrimination capacity is indeed
preserved, at least after early lesions.
Supported by NSF BNS-9109743 and NIH MH-19420.
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649.9

649.10

STABILITY AND VARIABILITY OF VISUAL FIELD DEFICITS IN
BRAIN DAMAGED PATIENTS, E. Kasten*, S. Wust and B. A. Sabel.
Inst. of Med. Psychology, Medical Faculty, Otto-von-Guericke Univ.,
Leipziger Str. 44, 39120 Magdeburg, Germany.

SPATIAL AND TEMPORAL FREQUENCY SENSITIVITY IN
HUMAN STRIATE CORTEX MEASURED WITH FUNCTIONAL
MRI (fMRI) J.B. Demb*, G.M. Boynton, S.A. Engel, J.D.E. Gabrieli.

Thirtysix brain-damaged patients with visual field deficits were investigated
to study the variability of the blind visual field (15 stroke, 9 trauma, 4 brain
surgery, 3 inflammation, 4 cerebral hemorrhage, 1 cerebral degeneration).
In addition to the assessment with the Tubinger automatic perimeter we used
the computer programs PERIMAT (light detection), PERIFORM (form
recognition) and PERICOLOR (color perception) for a more exact
diagnostic of the the mid-section of the visual field up to 12.5° vertical and
20° horizontal eccentricity. Five repeated measurements were made in 5
independend sessions and the results were then compared. There was a
surprising and reliable stability of visual field defects with correlations
across the 5 sessions from r=0.86 up to r =0.94, depending on which
diagnostic test was applied. Individual differences in physical health or
mental condition, the age, the attention span, the cause of the lesion or the
extent of the restricted visual field of the patients had no significant
influence on the variability of visual field defects. Further analysis showed
that most patients had no or very few islands of residual vision. 41.2% of
stimulus locations in the blind area were only seen once, 27.1% twice,
18.8°% three times, 8.2% four times and 4.7% in all 5 measurements.
Perceived items to which the patient responded correctly only once or twice
may perhaps be due to fixation instability or attentional deficits. In
conclusion, there are only few reliable islands of residual vision in the blind
area of most patients. [Supported by Kuratorium ZNS and DFG-No. Sa
433/6-1]

D.J. Heeger, and G.H. Glover Depts. of Psychology and Radiology,
Stanford University, Stanford, CA 94305
Human spatial sensitivity depends on the temporal frequency of
the stimulus. At high temporal frequencies (TF), sensitivity to sinusoidal
gratings is best below 3 c/deg while at low TF, sensitivity is best between 3
and 6 c/deg. In addition, sensitivity to high spatial freqency (SF) gratings
decreases with eccentricity. This study measured activation in human
striate cortex (V1) to examine the neural correlates of pattern vision. We
measured blood oxygen level-dependent (BOLD) fMRI signal in V1 while
subjects viewed counterphase modulating full-field sine-wave gratings.
We used a T2*-weighted gradient echo spiral sequence (1.5T,
.78x.78x5mm voxel size, TR=75ms, TE=40ms, FA=23deg) and a crosscorrelation analysis. Our results were consistent with psychophysical
measurements. Low SF gratings produced best correlations with the
stimulus at high TF while high SF gratings produced best congelations at
low TF. Posterior regions of V1, close to foveal representations, were
primarily activated by high SF/low TF stimuli. Anterior regions of V1,
corresponding to peripheral representations, were primarily activated by
low SF/high TF stimuli. These results may be a consequence of variations
in receptive field size or a change in the relative amount of parvocellular
and magnocellular input along V1.
Supported by Stanford OTL.

649.11

649.12

COMPARISON OF VISUAL CONTRAST-RESPONSE FUNCTIONS USING
MAGNITUDE ESTIMATION PSYCHOPHYSICS AND FUNCTIONAL
MAGNETIC RESONANCE IMAGING. M.R. Peters, B.J. Anderson*, and
E.A. DeYoe. Dept. of Cell. Biol. & Anat., Med. Coll. of Wise., Milwaukee,
WI53226.
Areas of the striate and extrastriate cortices which are responsive during a
contrast scaling task were identified using functional magnetic resonance
imaging (FMRI). For these areas, the relationship between perceived contrast
and the magnitude of the FMRI signal was examined.
During gradient-recalled echo planar imaging, both the FMR signal and
psychophysical data were simultaneously collected. Four human subjects were
each placed in the scanner and allowed five minutes to adapt to the background
luminance. During the trials they viewed sine-wave gratings varying in
contrast from 5-100%. Subjects used simple hand signals to indicate estimated
contrast from a modulus-free scale of their own choosing.
For each voxel, the psychophysical estimates of stimulus contrast and FMR
response magnitudes were compared as a function of the physical stimulus
contrast. For each of the 4 subjects, the estimates of stimulus contrast were
linear with physical contrast when plotted in log-log coordinates, though for 1
subject a “ceiling” effect was observed at the highest contrasts. For some, but
not all voxels in VI, the MR signal amplitude matched the psychophysical
function. This variation may reflect differences in either the underlying
neuronal response, the hemodynamic mechanisms responsible for the FMRI
signal, or other as yet unidentified factors. However, the close correspondence
of the psychophysical and FMRI responses for some voxels suggests that this
approach can identify sites potentially responsible or supporting the perceptual
events.
This work was supported by EY10244 (to EAD) and the Chapman
Foundation of Milwaukee (to MRP).

VISUAL TEXTURE PERCEPTION IN HUMANS: fMR AND PET
STUDIES. L. Beason-Held*, N. Azari, K. Purpura, L. Optican, J.
Krasuski, M. Schapiro, S. Rapoport, J. VanMeter. Nat. Inst. of Health,
Nat. Inst. on Aging, Lab. Neurosci., Bethesda, MD 20892.
To investigate cortical responses to a specific set of features
within visual stimuli, isodipole textures were presented to 6 healthy

young subjects during H215O positron emission tomography (PET)
and blood oxygenation level dependent (BOLD) functional magnetic

resonance (fMR) imaging. Two families of textures were used: Random

textures in which the pattern of black and white checks were arranged

in a random fashion, and Even textures in which the black and white
checks were ordered to produce extended contours and rectangular

blobs at multiple spatial scales. During fMR scanning, the subjects

were presented with either Random or Even textures interwoven

with alternating blocks of a control fixation condition.

Relative to

fixation, Random stimulation produced slight activation in the primary
visual cortex (Area 17). In contrast, Even stimulation resulted in
increased striate as well as extrastriate (Areas 18, 19) activation.

As for the PET study, the subjects were given four scans during
Random stimulation and four during Even stimulation. The results
from this study support the fMR findings, in that Even stimulation

increased blood flow in the primary and extrastriate cortices relative

to Random stimulation. Together, these results suggest that early

form processing is not limited to extrastriate cortex, and mechanisms
in both striate and extrastriate cortex are sensitive to the ordered
features present in the more visually salient Even textures.

649.13

649.14

CHANGES IN REGIONAL CEREBRAL BLOOD FLOW BY FLASH AND
PATTERNED VISUAL STIMULATION IN MONKEY VISUAL CORTEX.
K. Imamura*’ 2•, H. Onoe1 2 T.
Shiomitsu12-. K. Onoe!. H .
Tsukada 13, t . Kakiuchi-3. and Y. Watanabe’-2. 1 Subfemtomole
Biorecognition Project, JRDC, Osaka 565, 2Osaka Bioscience
Institute, Osaka 565, 3Central Res. Lab. Hamamatsu Photonics
K.K., Shizuoka 434, Japan.
We studied changes in the. regional cerebral blood flow
(rCBF) induced by visual stimulation using H215O and positron
emission tomography (PET). Averaged subtraction images of
different experimental conditions were made and signals were
superimposed on
magnetic resonance (MR) images after
statistical evaluation(ref->. We found that (1) it was more difficult
to obtain significant signals in the visual cortex under
anesthetized and paralyzed condition than awake condition, (2)
larger signal was obtained in binocular stimulation than
monocular stimulation, (3) flash stimulation induced large
signals in the visual cortex as moving line-pattern stimulation,
(4) activity in the frontal region, including the cingulate
cortex
was
decreased by
visual
stimulation,
(5)
visual
stimulation applied to the deprived eye of monkeys that had
been suffered monocular deprivation over the sensitive period
still induced some responses in the visual cortex. These results
show not only dynamic change in rCBF by visual stimulation
but also dissociation between the generation of action potential
and rCBF-change in the visual cortex.

(ref.)

H. Takechi, et al.
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IS THERE A ‘FINAL COMMON PATHWAY’ FOR THE TWO
MONOCULAR VIEWS? T.J. Andrews*, L.E. White, D. Binder and D.
Purves. Department of Neurobiology, Duke University, Durham NC 27710.
The “singleness” of human . binocular vision is usually explained by the
blending of information generated by each eye into a common stream that
ultimately leads to perception.
This scheme is exemplified by the
phenomenon of stereopsis, which depends on binocularly driven cells in the
primary visual cortex that are sensitive to spatial disparity. To ask whether
the concept of monocular blending pertains to all aspects of vision, we
repeated an experiment on flicker-fusion carried out by Charles’ Sherrington
(Br. J. Psychol. 1: 26-60, 1904) nearly a century ago. The critical flickerfusion frequency (CFF) is the frequency at which a flickering light is
perceived as being fused 50% of the time. We determined the CFF for 25
subjects in two situations: (1) trains of light flashes presented synchronously
to both eyes; and (2) the same trains presented asynchronously to the two
eyes. If the independent views of the two eyes are fused in a binocular
processing stream, then the critical flicker-fusion frequency should be much
lower in the alternating presentation than in the synchronous presentation.
One-second trains of flashes generated by two stroboscopic light sources
were presented dichoptically; the frequency of flashes (20-65 Hz) and their
temporal relationship were controlled by computer. Contrary to prediction,
we found, as did Sherrington, only a small difference between the two
conditions (mean synchronous c Ff ± SD = 47.3 ± 4.1 Hz; mean

asynchronous CFF ± SD = 46.3 ± 4.2 Hz). We conclude that binocular
convergence at a cellular level, which is essential for some aspects of visual
perception, may not be a general rule. Perhaps, visual perception in this
circumstance derives from the activation of circuitry that elaborates
monocular information independently.
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STRIATE VII
649.16

EVALUATION OF PSEUDORANDOM M-SEQUENCES FOR HUMAN
VISUAL EVOKED NEUROMAGNETIC RESPONSES. H.-W. Chen,
C. Aine*, D. Ranken, E. Best, E. Flynn, and C.C. Wood. Biophysics Group, M715,
Los Alamos National Laboratory, Los Alamos, NM 87545
The primary goal of this study is to assess the utility of using m-sequence stimuli,
a general form of steady-state stimuli with broadband frequencies, in visual
neuromagnetic studies. Three primary reasons for examining m-sequence stimuli
are: 1) m-sequences are orthogonal to output noise (random or periodic) and may,
therefore, enhance the signal-to-noise (S/N) ratio; 2) different m-sequences are
orthogonal to one another and may, therefore, permit the simultaneous presentation
of multiple stimuli at different locations, allowing for faster data acquisition; and 3)
m-sequence results, in conjunction with nonlinear systems analysis, may provide
information about the system’s nonlinear dynamics. In this study, we evaluated the
utility of m-sequences by comparing the S/N ratio per unit time obtained using both
transient and m-sequence • stimuli. In addition, the possibility of resolving two
responses evoked by paired stimuli was also examined.
Evoked magnetic fields were recorded with a BTi 7-channel SQUID-coupled
gradiometcr system in a magnetically-shielded chamber. Experimental paradigms
using both transient (266 ms duration and ~l Hz rate of presentation) and msequence visual stimuli (with length 1023 at 30 Hz rate) were conducted. A single
stimulus was presented at a single location (3°), or pairs of stimuli were presented
at three different eccentricities (0.8°, 1,6°, and 3°) in the visual field. Results from
three subjects show that the S/N ratio for the m-sequence study was 2-3 times
higher than the transient study, for single stimulus placements, when total length of
stimulus presentation time was equated across studies. The amplitude distributions
across the 7 sensors were similar for transient and m-sequence stimuli. In addition,
the time courses across the 7 sensors were not proportional to one another,
suggesting the existence of multiple evoked visual sources. The response
distributions evoked by the m-sequence pairs were quite similar to the distributions
evoked by single stimuli. Thus far, it appears that m-sequence stimuli provide a
useful approach for MEG/EEG studies of vision.
Supported by NIH grant (EY08610) and DOE contract W-7405-ENG-36.

VISUAL CORTEX:

HIGH-SPEED IMAGING OF NEURAL ACTIVITY IN THE
TURTLE CORTEX EVOKED BY “MOVING STIMULI”

David M. Senseman*
Div of Life Sciences, Univ of Texas at San Antonio, San Antonio, TX 78249
To examine the idea that the turtle dorsal cortex may be important in the detection of
movement, visually-evoked activity in the cortex was monitored using combined
multi-site optical recording and video imaging techniques. The image at left shows
the outlined of a 464-element photodiode array superimposed on the unfolded cortical
sheet using an isolated eye/brain preparation of the turtle, Pseudemys scripta. “Moving stimuli” were generated using a matched-pair of laser diodes (3 mW, 670 nm) that
delivered two light spots (200 ms duration) under computer control. Optical signals at
right show that depolarization of the dorsal cortex (filled box in grid) is longer (arrow)
when visual stimulation was switched between a rostral and a caudal located spot
(thick trace) than the responses observed when both tight spots were delivered at the
same visual location (thin traces).

Supported by the National Science Foundation and the San Antonio Area Foundation.

STRIATE VIII

650.1

650.2

LAMINAR AND COMPARTMENTAL ORGANIZATION OF
IMMUNOCYTOCHEMICALLY LOCALIZED AMPA RECEPTOR
SUBUNITS IN MACAQUE PRIMARY VISUAL CORTEX. RX
Carder*.
Zanvyl Krieger Mind/Brain Institute and Dept.
Psychology, Johns Hopkins University, Baltimore, MD 21218.
Fast excitatory synaptic neurotransmission in the visual system is
mediated predominantly by a-amino-3-hydroxy-5-methyl-4isoxazole proprionic acid (AMPA) receptors. Cloning and expression
studies have demonstrated that AMPA receptors are composed of
multiple subunits with each subunit conferring unique
pharmacological, kinetic, and gating properties.
By use of subunitspecific antibodies, this study explored the organization of AMPA
receptor subunits within the adult macaque primary visual cortex
(V1). Immunoreactivity for each of the three AMPA subunits, GluRI,
GluR2-3, and GluR4, consisted of rich plexuses of punctate profiles
localized within the neuropil and to varying degrees somata and
proximal processes. GluRI, GluR2-3, and GluR4 immunoreactivity
was present through the thickness of V1, but was densest in three
bands that corresponded to layers Il - IVA, IVC and VI. Within
different layers of V1 the immunostaining for AMPA subunits formed
distinct patterns. In layer lill, patches of intense immunostaining
coincided with CO-rich blobs; in layer IVA, intense subunit staining
formed a conspicuous honeycomb pattern; and in layer IVC subunit
staining formed a very fine lattice. The principal observations of the
present study are that the major subunit variants of the AMPA
receptor are distributed in very similar patterns, with the greatest
densities in zones of geniculocortical afferent terminations.

APPLICATION OF L-Arg AND L-NOArg MODIFY CELLULAR RESPONSES IN THE
PRIMARY VISUAL CORTEX OF THE CAT. J. Cudeiro*, C. Rivadulla, R. Rodriguez. S.
Mariinez-Conde and C. Acuna. Departamento de Fisiologia, Universidad de Santiago and
Departamento de Ciencias de la salud I, Universidad de La Coruna, Spain.
Fibres arising from the brainstem provide cholinergic input to the lateral geniculate nucleus
(dLGN), while the visual cortex receives a cholinergic input from the basal forebrain. Recent
evidence has shown that nitric oxide synthase (NOS), synthetic enzyme for nitric oxide (NO), is
co-localized with ACh in both pathways1,2. We have previously shown that NO is necessary for
the transfer of visual information in the dLGN, gating visual input by an action involving NMDA
receptors3,4 Here we extend these observations by examining the role of NO in the primary visual

650.3

650.4

A Simple Model of Cortical Excitatory Cells Linking NMDAMediated Currents, ISI Variability, Spike Depolarization and Slow
AHPs. T.W. Troyer* and K.D. Miller, W.M. Keck Center for Integrative Neuroscience, UCSF, San Francisco CA 94143
Integrate-,ind fiie models assume neurons integrate many fast synaptic inputs until threshold, then fire a spike that resets membrane voltage to rest. Such
models can account for rate coding and classical receptive fields. However, their
applicability to excitatory cells in cerebral cortex is challenged by the following observations: (1) interspike intervals (ISIs) have high variability, which is
inconsistent with integration of many random synaptic events; (2) excitatory
cortical cells typically do not repolarize near rest after spiking; (3) chronic infusion of APV blocks visual cortical responses, suggesting an important role
for slow synaptic events; (4) specific blockade of fast excitatory transmission by
chronic infusion of CNQX (specificity verified by iontophoresis) does not block
visual responses in V1 (CNQX data from the laboratory of Michael Stryker).
Previous models have invoked a delicate balance of excitation and inhibition
and perhaps (2) to explain (1). Motivated by (3) and (4), we incorporate
NMDA receptors and negative feedback from a slow AHP along with (2) to
arrive at a simple and robust single-cell model consistent with (l)-(4). Synaptic
currents with a large NMDA-mediated component lift the membrane voltage
near threshold. Incomplete repolarization returns the cell to this sensitive state.
Because spikes result from small current excursions, the neuron has large gain
and displays high ISI variability, as noted in previous models. Maintaining
this sensitivity requires a balance of inward and outward currents, achieved
here through slow, spike-evoked AHPs that compensate for changes in synaptic
input. This adaptive balancing maintains wide dynamic range over long time
scales despite high gain at short time scales. This model also qualitatively
reproduces a peculiar bursting pattern displayed by a few well isolated units
in the CNQX experiments. We are exploring possible functional roles these
mechanisms could play in information processing on fast and slow time scales.
Supported by an NSF Mathematical Sciences Postdoctoral Research Fellowship
and by a Whitaker Foundation Biomedical Engineering Research Grant.

SPATIAL ORGANISATION AND STLFCfiVFTY OF THE INTERACTING
COMPONENTS UNDERLYING RESPONSES OF CELLS HIGHLIGHTING
DISCONTINUITY OR INTERSECTIONS IN THE VISUAL WORLD.
H.E. Jones , K.L. Grieve and A.M. Sillito. Dept. of Visual Science, Inst, of
Ophthalmology, Bath St., London EC1V 9EL, UK.
Areas outside the receptive field excitatory discharge centre can exert very potent
effects on visual cortical cell responses. These effects can be inhibitory, and are
frequently linked to end-zone’s or side-bands, or both, although in some cases they may
effectively surround the field (DeAngelis et al. 1994, J. Neurophysiol. 71:447-474; Li
& Li 1994, VisionRes. 34:2447-2455). Facilitatory and/or disinhibitory effects can
also be elicited from outside the excitatory discharge centre but there is little evidence
regarding their spatial organisation. These influences are brought into strong focus by
particular configurations of stimuli overlying the classical receptive field and the
surrounding area of visual space. In some cells they may reflect a network effect
serving to signal orientation discontinuity or intersections. Here we report evidence
from primate V1 showing that both the daoilitatpry/disinhibitory and inhibitory
influences are strongly dependent on the direction of stimulus motion, as well as the
relative orientation, of stimuli driving the classical receptive field and surrounding
areas of visual space. Areas produemg facilitatory effects are not necessarily
uniformly distributed around the receptive field and may be very localised. For
example the response to an optimally oriented grating patch overlying the classical
receptive field maybe most strongly enhanced by an additional orthogonally oriented
patch, drifting in one direction only and displaced to a location adjacent to one comer
of the field. The spatial localisation, directionality and orientation requirements for
the secondary stimulus suggest a mechanism in V1 focusing on very specific facets of
the visual world, for example the vectors of motion associated w ith an intersection
such as a comer moving through space. They emphasise the need to dissect the
functional organisation of primate VI with more complex stimulus configurations.
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cortex.
Experiments were carried out on paralysed, anaesthetised adult cats (halothane 0.5-1% in N;O
and O270:30; Gallamine 10 mgr/kg/h). Seven barrelled micropipetes were used for extracellular
recording and iontophoretic ejection of drugs. The effect of application of L-NOArg (NG-nitroL-arginine, an inhibitor of NOS) and L-Arg (L-Arginine, the physiological substrate of NOS) was

tested on spontaneous, visual and NMDA/AMPA evoked responses. In 14/40 cells application
of L-NOArg produced a decrease both in spontaneous and visual responses, without changing
visual specificity. This effect was reversed in 11/14 by co-application of L-Arg (itself without
effect), and is therefore consistent with our data in the dLGN. Surprisingly, in 16/40 cells
application of L-Arg abolished cell responses, even using very low ejection currents. This effect
was unaltered by L-NOArg in any case. 25% of cells were unaffected by either drug, alone or in
combination. There was no clear relationship between the effect seen and either cell type or
laminar position. In a different block of experiments, we have observed that ejection of L-NOArg
essentially suppresed both NMDA and AMPA responses in 40% of cells.

While it seems likely that a significant proportion of cortical cells respond to NO in a manner
similar to the effect we have already demonstrated in the dLGN, the intriguing and potent action
of L-Arg on a large number of cells remain unexplained.
1. - ckforf et al., (1993) J. Como- Neurol. 334:410-430.
2. -BicBford et alt- 0994) J. Comp. Neurof 548:481 -410.
4.- C- deifo et af, 0994) J. NeurophysioI. oi tHb-MR
4.- C-demo et af- a.994) NeN-ophtuhnacok o3:1413-1418.
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650.5

650.6

EFFECTS OF METABOTROPIC RECEPTOR AGONISTS IN THE

MOLECULAR COMPONENTS OF THE cGMP SECOND
MESSENGER SYSTEM ARE PRESENT IN RAT VISUAL CORTEX
D.Samanta Roy*, P.A. Kingston, and CJ. Barnstable. Interdepartmental
Neuroscience Program, Dept of Ophthalmology and Visual Sciences, Yale
University School of Medicine, New Haven, CT 06510
Retrograde messengers such as nitric oxide (NO), and some of the transmitters
implicated in learning and memory, as well as in synaptic changes during
development, have been shown to affect the concentration of cGMP. cGMP exerts
its effects through three known pathways, namely 1) cGMP-gated cation channels, 2)
cGMP dependent protein kinases, and 3) cGMP regulated phosphodiesterases. We
have presented a model to suggest how these might interact to modulate cell
excitability (Ahmad et al, Neuron 12: 155,1994). We wish, however, to determine
the general applicability of this model to the brain, in particular the visual cortex.
To begin to study how cGMP might affect development and plasticity in
mammalian visual cortex, we have examined the distribution and developmental
expression of a series of molecules involved in cGMP metabolism and cGMP
effector molecules. Using RT-PCR, we have detected expression of the cGMP-gated
cation channel, cGMP kinase, cGMP stimulated phosphodiesterase, and the 61 and
63 kD forms of the calcium-calmodulin dependent phosphodiesterase in adult rat
visual cortex. Preliminary in situ data using digoxigenin-labelled RNA probes for the
rod cGMP-gated cation channel, suggests a rostral to caudal gradient of expression in
the rat cortex, with the highest level appearing in the occipital cortex. Moreover,
there appears to be only a subset of neurons labelled with the densest staining in
layers II/IHand V/VI.
In summary, we have found many of the molecular components of the cGMP
second messenger system to be present in adult rat visual cortex, and have found the
cGMP-gated channel to be localized to discrete layers of the visual cortex. These
findings, together with the known effects of NO and cGMP in other brain regions,
suggest an important role for the NO/cGMP system in visual cortical function.
Supported by grants from the NIH.

FELINE VISUAL CORTEX. P.M. Venters and A.M. Sillito. Dept. of
Visual Science, Inst. of Ophthalmology, Bath St., London EC1V 9EL, UK.
We were interested in effects following from the Group 1 phosphoinositide
linked metabotropic receptors (mGluRs) in the visual cortex, and particularly
actions that derived from modulation of the potassium channels underlying the
M current, because this might provide a means of local modulation of excitability
superimposed on cholinergic influences in the neocortical circuitry. To this end
we used microiontophoretic techniques to explore the action of a range of mGluR
agonists on the visual and drug driven responses of cells in layers II-VI of the cat
primary visual cortex. To our surprise we saw only a few examples of the type
of facilitatory effects previously associated with the cholinergic modulation of the
M-current (Sillito and Kemp 1983, J. Physiol. 250:287-304: Murphy et al.
1993, J. Neurophysiol. 69:1465-1474) and these were on cells in layers V and
VI.
The predominant effect (90% of the cells) was a selective suppression of visual
driving. Thus for example iontophoretic application of the multiple mGluR
receptor agonist 1S,3R-ACPD depressed or blocked the visual response of
cortical cells to an optimally oriented moving bar, but did not influence the
responsiveness of the cells to iontophoretic pulses of NMDA or AMPA. Thus
the post synaptic excitability of the cells to the agonists acting at the postsynaptic
glutamate receptors was not changed whilst the visually driven response was.
This effect seems most logically explained by a presynaptic effect mediated via
Group 2 mGluRs. We observed it in cells throughout layers II-VI and its
prevalence suggests that presynaptic control of the transfer of visual information
may play an important functional role in the microcircuitry of the visual cortex.

650.7

650.8

Distribution
of adenosine
A1 receptors
in Primary
v isual
Cortex
of Monkey
S. Larocque*, R.Z. Cohen. V. Zhao, and A. Chaudhuri
Dept of Psychology, McGill University, Montreal, Canada
The adenosine Al receptor has been implicated in a variety of
physiological functions, including inhibition of neurotransmitter
release. Adenosine binds to Al receptors with high affinity and
inhibits adenyl cyclase. The distribution of this receptor in visual cortex
has not been previously reported.
Receptor binding in the primary visual cortex of normal and
monocularly-deprived vervet monkeys was determined by in vitro
autoradiography with the agonist [3H]-CCPA. Thaw-mounted sections
(15pm) were treated to the radiolabeled ligand for three hours at room
temperature. Non-specific binding was estimated on adjacent sections
by adding 5OnM cyclopentyladenosine in the incubation medium.
Standard washing protocols were then followed and the sections were
air dried. The slides were exposed to Hyperfilm-3H (Amersham) at
room temperature for 10 days, along with plastic standards of 3H
(Amersham).
We have found intense labeling in layer V and moderate labeling in
the supragranular layers of primary visual cortex (area 17 or V1). The
layer V distribution was especially striking because of contrast with the
poor labeling in layers IV and VI. This pattern was unchanged in
animals that had a monocular occlusion for up to six days. There was
no evidence of modulation in receptor density in either set of ocular
dominance columns.

MODULATION OF SYNAPTIC INPUTS TO VISUAL
CORTICAL NEURONS BY ADENOSINE AND 5-HT

Juan Varela. Kathryn Richards and Sacha B. Nelson* Dept. of Biology,
Center for Complex Systems, Brandeis University, Waltham MA 02254
Although receptors for a variety of neuromodulators including
serotonin (5-HT) and adenosine (ADE) are present in the visual cortex,
their physiological actions have mostly been inferred from studies in
other preparations. In order to study these effects directly, we made
whole-cell voltage and current clamp recordings from pyramidal neurons
in layers 2/3 and 5 of rat primary visual cortical slices, under visual
control, using infrared videomicroscopy. ADE (10-100 pM) reduced the
frequency of spontaneous EPSCs from 1.18 to 0.33 Hz without
apparent change in their amplitude. EPSCs evoked by local intracortical
stimulation were decreased by 40-75%. For stimuli which evoked
minimal (apparently unitary) responses, ADE dramatically increased the
failure rate. ADE also enhanced the synaptic facilitation and decreased
the synaptic depression evoked by brief stimulus trains (5 @ 20 Hz).
Effects of 5-HT (10-50pM) and the specific 5-HT1B agonist
CGS 12066A (20pM) were more heterogeneous. Spontaneous EPSC
frequency and amplitude were not significantly affected (n=6).
Minimally evoked EPSCs were reduced in 3/6 cells tested, and failures
were increased (2/6). 5-HT at these doses did not directly alter neuronal
excitability as measured by holding currents and the threshold for
antidromic activation. These results suggest that ADE and 5-HT may act
presynaptically in the visual cortex but may differ in their specific
synaptic targets.

Supported by grants from MRC (MA-12685) and NSERC (OGP0155482).
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DISTRIBUTION in area 17 of rhesus monkeys . M. Tiqqes,
J. Tigges*. H.D. Rees, D.B. Rye and A.I. Levey. Yerkes Primate Center and
Dept. of Neurol., Emory Univ., Atlanta, GA 30322.
Acetylcholine has been implicated in the normal function of visual cortex and
in ocular dominance plasticity. We used antibodies to muscarinic cholinergic
receptor proteins m, and m^ to investigate the expression of these proteins in
area 17 of a normal rhesus monkey and of 2 monkeys raised with a black
contact lens on one eye from birth and 2 monkeys with long-term monocular
eyelid suture as adults. in area 17 of the control brain, immunoreactivity of
protein

both proteins was distributed in a complex laminar pattern.
Adjacent
cytochrome oxidase sections were used to confirm assignment of immunoreactivity to various layers. m, was densest in layers 6 and 2/3, followed by
layer 5. Layer 4 contained several bands of different intensities. A thin light
band of reaction product ran through 4A, 4B reacted darker; another thin, but
very light band occurred at the 4C/5 border. The remainder of 4C was
moderately light. In contrast, mg reactivity was densest in lower layer 4C. The
honeycomb pattern of 4A was reactive and layers 2/3 exhibited alternating
dense and light regions. Layer 5 was slightly lighter than 4C, and layers 4B
and 6 were stained the least, m, antibody reacted predominantly with neurons,
mg antibody labeled mostly processes.
In area 17 of visually deprived
monkeys, the distribution of the 2 receptor proteins appeared normal, except
that in one lidsutured monkey a thin band at the 4C/5 border reacted more
densely with mg antibody than 4C. Thus, these proteins seem to be insensitive
to monocular elimination of visual input via occlusion from birth and to longterm elimination of pattern vision imposed on the adult visual system.
Supported by NIH grants EY09737, RR00165, and NS3O454.
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NEUROCHEMICAL ORGANIZATION OF MACAQUE STRIATE
CORTEX: CORRELATION OF CYTOCHROME OXIDASE WITH
NOS, NADPH-DIAPHORASE, NMDAR1, AND Na+K+ATPASE. M
Wong-Riley*, W. Liebl and Z. Huang. Dept. of Cellular Biology &
Anatomy, Medical College of Wisconsin, Milwaukee, WI 53226.
Previous studies indicate that a) cytochrome oxidase (C.O.)-rich puffs
in the macaque striate cortex sustain a higher level of maintained
neuronal activity than interpuffs, b) neuronal and synaptic properties
differ between these two compartments, and c) asymmetric, glutamate
(Glu)-immunoreactive synapses predominate in puffs. A major Glu
receptor family is NMDA, which is implicated in the stimulation of nitric
oxide synthase (NOS) and in the production of NO, a gaseous intra- and
inter-cellular messenger (Garthwaite, 1991; Dawson & Snyder, 1994).
To determine if these neurochemicals are enriched in puffs, we
processed serial frozen sections of the monkey visual cortex for C.O.,
NOS, NADPH-diaphorase, NMDAR1, and Na+K+ATPase (a major
energy-consuming enzyme), respectively. We found that they all have a
heterogeneous pattern of distribution in the supragranular layers that
centered on puffs, but the labeling of NOS was the lightest. In addition,
the staining of all five were intense in layer 4C and, with the exception
of NOS, exhibited a honeycomb pattern in 4A. At the EM level, the
density of NOS-positive immunogold particles was significantly higher
in C.O.-rich type C cells than in the other cell types of puffs. Thus, our
results are consistent with an excitatory synaptic circuitry in puffs that
involves glutamate and NMDA receptors, as well as nitric oxide in
selective cell types. The excitatory synaptic activities are likely to impose
a higher energy demand in puffs than in the surrounding interpuffs.
Supported by NIH EY05439 and NS 18122.

WEDNESDAY AM

VISUAL CORTEX:

650.11
EFFECTS OF MONOCULAR IMPULSE BLOCKADE ON GABA
IMMUNOREACTIVE NEURONS IN CYTOCHROME OXIDASE
(C.O.)-RICH PUFFS OF THE MACAQUE STRIATE CORTEX:
QUANTITATIVE EM ANALYSIS. F. Nie, E. Godfrey* and M.
Wong-Rilev. Dept. of Cellular Biology & Anatomy, Medical College of
Wisconsin, Milwaukee, WI 53226
Previously, we have shown that GABA-immunoreactive (GABA-IR)
neurons in supragranular puffs of the monkey striate cortex have high
levels of cytochrome oxidase (C.O.) activity. We now have examined
the effects of 2 weeks of monocular TTX treatment on these neurons in
activity-deprived and non-deprived puffs (DP and NP). In ultrathin
sections of DPs doubly labeled for C.O. and GABA, GABA-IR cells
and GABA-IR terminals showed a significant shrinkage in their mean
size (P<0.05 for both), a drastic reduction in the proportion of dark and
moderately C.O.-reactive mitochondria, and a significant decrease in the
number of GABA-immunogold particles as compared to comparable
cells in NPs. The densities of GABA-IR axon terminals and GABA-IR
symmetric synapses in DPs were also significantly reduced (P<0.01),
while those of GABA-IR cells and dendrites were unchanged. The
total number of synapses in DPs and NPs was constant. Non-GABA-IR
cells exhibited relatively minor changes in these parameters. These
results suggest that: (1) metabolic activity and GABA levels in GABAIR neurons are regulated by neuronal activity in adult monkey striate
cortex; and (2) GABA-IR neurons are much more vulnerable to
functional deprivation than non-GABA-IR neurons, presumably
because their cell bodies are more dependent upon sustained excitatory
input. (Supported by NIH EY05439 & NS 18122).

STRIATE VIII

650.12
MUSCIMOL AND BACLOFEN DIFFERENTLY SUPPRESS RETINOTOPIC
AND NON-RERNOTOPIC CORTICAL RESTONSES. K. Mizobe, E. Schmidt and
T. Kasamatsu* The Smith-Kettlewell Eye Res. Inst., San Francisco, CA 94115
The locally recorded field potentials elicited by contrast reversal of bar gratings have
extremely large receptive fields beyond the usual range of the classical receptive field
of single units at the same site. They have two distinct components: the retinotopic
fast-local component (FLC) and the non-retinotopic slow-distributed component
(SDC). The latter is thought to be a physiological correlate of the long-range lateral
connections (Kitano et al., 1994). Earlier, we have shown that muscimol, a GAB Aa
receptor agonist, suppressed the FLC more strongly than the SDC though its effects
on the latter were detected earlier than those on the former (Mizobe, etal., 1995).
In the present study, we compared the suppressive effects of muscimol with those of
a GABAb receptor agonist, baclofen. Visual stimuli were contrast reversal of
achromatic bar gratings in a 5-deg patch placed at either retinotopic locus or -15 deg
in the periphery. Field potentials were recorded by a pair of microelectrodes implanted
in area 17 near the projection of the area centralis. Responses were extracted by a
multi-input nonlinear systems analysis method (Sutter, 1992). Muscimol (l0mM) or
baclofen (5mM) was continuously infused for 2.3~5.6 hours at a rate of 5 gl/h
through a 30-G cannula implanted ~2 mm posterior to the recording site.
Within 1 hour after the start of infusion, both muscimol and baclofen decreased the
amplitude of the SDC, but not the FLC. Thereafter, however, the FLC amplitude was
more strongly decreased than the SDC amplitude throughout the muscimol infusion.
By contrast, the SDC was more strongly suppressed by baclofen than by muscimol.
The suppressive effect of baclofen tended to be stronger on the SDC than the FLC,
but the difference did not reach a significant level. The present findings suggest that :
1) the retinotopic responses are controlled more strongly by GABAa receptors than
GABAb receptors, and 2) the reverse is true for the non-retinotopic responses.
Supported by NIH grants Core Grant EY06883 and BRSG RR05981. K.M is
supported by a fund from Kyoto Prefectural University of Medicine.

650.13

650.14

SEROTONIN FACILITATES SYNAPTIC PLASTICITY IN KITTEN
VISUAL CORTEX — AN IN VITRO STUDY. Q. Gu*. L. Kojic. R.M.
Douglas and M.S. Cynader.
Department of Ophthalmology,
University of British Columbia, Vancouver, BC, Canada V5Z 3N9
We have investigated the hypothesis that serotonin is
involved in activity-dependent synaptic modification in the
developing visual cortex.
Visual cortex slices (400 - 500 pm )
were made from kittens aged between 40 - 57 days.
At these
ages several subtypes of serotonin receptors are found to be
expressed transiently at higher level within the visual cortex.
Field potentials in layer IV evoked by white-matter
stimulation were recorded.
Normally, low-frequency whitematter stimulation at 1 Hz for 15 minutes had no effects on
field potentials in layer IV (10 out of 10 slices).
However,
when serotonin was present in the bath 11 pM) during the
low-frequency stimulation, about half of the slices tested
developed long-term depression (LTD) (5 out of 11 slices).
When serotonin concentration in the batfi wai mcreased to 10
pM, the same low-frequency stimulation could nnduee ekeer
long-term potentiation (LTP) (3 out of 9 slices) or LTD (3 out of
9 slices).
These results suggest that serotonin facilitates
input-dependent synaptic modifications in kitten visual
cortex.
The differential effects mediated by serotonin (LTD,
LTP, or no change) may depend on serotonin receptor
subtypes located at the recording sites, since it has been
shown that at these ages serotonin 5-HT 2c urchpto)s, for
example, are localized in a columnar fashion across layer IV.

GABA iontophoresis modifies the intrinsic signal orientation map in cat
area 18. L.J. Toth*, D.-S. Kim. S.C. Rao, M. Sur.
Dept. Brain and Cognitive Sciences, M.I.T., Cambridge, MA 02139.

650.15
THIP PRODUCES PROFOUND, SELECTIVE CHANGES IN FLASH
EVOKED POTENTIALS OF HOODED RATS.
B.E. Hetzler* and H.L'.
Zeisset. Dept. of Psychology, Lawrence Univ., Appleton, WI 54912.
Flash evoked potentials (FEPs) are useful in assessing the functional
integrity of the visual system, although interpretation of any changes is
difficult since little is known about the neuronal processes responsible for
peak generation. Gamma amino butyric acid (GABA) is an inhibitory
neurotransmitter believed to play a major role in information processing in
the cerebral cortex, but its role in the elaboration of the rat FEP is unclear.
FEPs were recorded from the visual cortex of hooded rats at 5, 20, and
35 min. following i.p. injections of saline, and of 8,16 and 24 mg/kg THIP
on separate days. THIP is an analogue of muscimol, a GABA-A agonist.
Most significant effects occurred at the 20 and 35 min recording intervals for
both the 16 and 24 mg/kg doses, with effects at the 24 mg/kg dose the most
pronounced. P1 amplitude remained unchanged, while N1 was reduced to
such an extent that it became positive, ultimately blending into the rising
phase of a novel positive component. This novel component had a latency
of about- 6 msec longer than N1, and became larger than P1 at the 24 mg/kg
dose. P2 amplitude was drastically reduced, becoming negative. In
contrast, components N2 and P3 were augmented, while the amplitude of
N3 was unchanged. Latencies of most components were increased, with
the late components increased to the greatest extent. A mild hypothermia
of about 0.5 C and 0.75°C was observed at 16 and 24 mg/kg, respectively.
The amplitude data suggest that the GABA-A receptor system is involved in
the generation of the middle FEP components. However, the effects of THIP
on the rat FEP also suggest that the role of GABAergic inhibition in FEP
production is qualitatively different in the rat than in other species (e.g., cats;
Zemon et al., in Evoked Potentials, Alan R. Liss, 1986).
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While intracortical inhibition clearly has a role in generating orientation
selectivity in visual cortex, how the balance of excitation and inhibition
regulates crirntaticn specificity remains unknown. To examine the issue, we
injected GABA into a column of known orientation preference and imaged
intrinsic signals to ascertain changes in orientation strength and preference in
the surrounding cortical region. At the maximal concentration used (1.0M,
93nA) we were able to affect sites up to 1.5 mm distant from the injection.
Sites with similar orientations to that at the injection showed a shift in
mentation
away from the injection site orientation. Orientation
preference at the injection site changed up to 45°, although general activity
levels were much lower in this region. These effects were reversible.
Surround ng columns of orthogonal orientation, as well as more distant
columns of all orientations showed no obvious changes during GABA
application. Changing the amount of GABA ejected produced changes in the
magnitude of the orientation shift, and the extent of cortex involved. While
these results do not favor a strong role for cross-orientation inhibition, they do
suggest that selective activation of inhibitory circuitry can profoundly alter the
layout of orientation domains in the cortex, perhaps by selectively altering the
balance of converging excitatory inputs to a region. Supported by EY07023.
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GUSTATORY SENSES

651.1

WEDNESDAY AM

651.2

CHARACTERIZATION OF CHLORIDE CURRENTS RECORDED
FROM DISSOCIATED RAT TASTE CELLS. Xiao-Dong Sun* and M.
Scott Herness. Indiana University School of Medicine, Muncie, IND.
47306.
We have characterized previously unidentified chloride currents from rat
taste receptor cells using circumvallate and foliate papillae dissociated
with papain using the patch clamp technique in the whole cell
configuration. Chloride currents were identified as outward cunents under
conditions of 159 mM [Cl'jext and 34 mM [Cl'jint by pharmacological
isolation with 500 pM DIDS or 100 pM Niflumic acid. Currents reversed
close to the expected Nemst potential and were on the order of a few
hundred picoamperes in magnitude, increasing with more positive step
potentials.
When external chloride was lowered by isethionate or
gluconate substitution, currents were reduced and the reversal potential
shifted accordingly. Further isolation of these currents by blocking
potassium currents with a combination of TEA and 4AP provided similar
results. Chloride currents were additionally recorded as inward tail
currents that appeared as inwardly rectifying at membrane potentials
negative to the predicted chloride reversal potential. They were sensitive
to both 500 pM DIDS and to 100 pM Niflumic acid as well as lowering
external chloride concentration by ion substitution.
Moreover they
exhibited an inactivation that had temporal and voltage dependent
components to it.
Supported by NIH DC00401.

RESPONSES OF MUDPUPPY TASTE RECEPTOR CELLS TO
DENATONIUM. T. Ogura, A. Mackay-Sim* and S . C. Kinnamon*.
Dept. Anatomy and Neurobiology, Colorado State Univ., Fort. Collins,
CO 80523, the Rocky Mountain Taste and Smell Center, Univ. of
Colorado Health Science Center, Denver, CO 80262 and 1 Faculty of
Science and Technology, Griffith Univ., Brisbane, QLD 4111, Australia.
Denatonium (DN) is a potent bitter substance. Responses of isolated
mudpuppy taste receptor cells to DN benzoate were studied by Ca2+
imaging with fura-2 and whole-cell recording. We identified receptor
cells by staining the apical surface with FITC-WGA prior to isolation. In
87% of receptor cells, DN (5 mM) increased [Ca2+]i by 56.8 ± 8.8% from
a resting level of 75.5 ± 2.8 nM (n = 26). The response always began in
the apical tip of the receptor cell, even though the DN was applied to the
entire cell. The response to DN was present in a Ca2+-free external
solution, but was reduced in magnitude by approximately 75%.
Thapsigargin (1 pM), a Ca2+/ATPase inhibitor, induced responses of
similar magnitude to DN and inhibited subsequent responses to DN.
Ryanodine (10 pM) had no direct effect on [Ca2+]i and failed to block the
DN responses. These results suggest that DN increased [Ca2+]i mainly
from thapsigargin-sensitive, ryanodine-insensitive Ca2+ stores in the
majority of taste cells. A small subset of DN-sensitive cells also responded
to caffeine (20 mM), suggesting that caffeine-sensitive Ca2+ stores may
also contribute to bitter transduction in some taste cells Whole-cell
recording showed that DN potentiated outward cunents in most taste
receptor cells. In some receptor cells and in all non-receptor cells, DN
either blocked, or had no effect on, outward cunents. Pharmacological
experiments indicated that the DN-increased outward cunents were
carried by K+ and Cl ' ions. Taken together, these data suggest that DN
increases [Ca2+]i, which subsequently activates Ca2+-dependent K+ and Cl
cunents in taste receptor cells.
Supported by NIH grants DC00244 and DC00766 to SCK.

651.3

651.4

CATIONIC CHANNELS ACTIVATED BY QUININE. Takashi
Tsunenaril, Yukako Havashi*1 , Manabu Orital, Takashi Kurahashi2,

Timothy A. Gilbertson* and Huai Zhang.

Akimichi Kaneko3 and Tomohiko Moril. 1 Res. Ins. for Food Science,

Research Center, Louisiana State University, Baton Rouge LA 70808.

VERTEBRATE TASTE RECEPTOR CELLS HAVE NOVEL

Kyoto Univ., Uji, Kyoto 611, Japan. 2 The National Ins. for
physiological Sciences, Myodaiji, Okazaki

444, Japan. 3 Dep. of

Physiology, Keio Univ. Sch. of Med., Shinjuku, Tokyo 160, Japan.
Quinine is known to be a bitter substance for various vertebrates.
Whole-cell recordings under voltage-clamp were made from

isolated taste receptor cells of bullfrog

(Rana catesbeiana) while

quinine hydrochloride was applied through a puffer pipette. Quinine
stimulation elicited an inward current at the resting potential. When
the blocking effect of quinine on K+ currents was eliminated by Cs+

pipette, the current-voltage relation was linear (the reversal
potential; +16rnV) and showed a clear increase in membrane
conductance by quinine stimulation. The quinine-activated
conductance was cation selective. The relative permeability ratio

was PNa: Pcs: Pk = 1 : 0.42 : 0.5. The quinine-activated cationic
conducting channel was suppressed by Ca2+, sharing a common

feature with quinine responses in situ. We therefore conclude that
this novel cationic channel plays a crucial role in the bitter perception.
Bitter-induced depolarization in taste cells has been explained by a

blocking effect on K+ channels. It, however, seems likely that taste

receptor cells have, at least, two independent pathways for the
detection of a bitter substance.

SODIUM SELF-INHIBITION IN AMILORIDE-SENSITIVE SODIUM
CHANNELS: IMPLICATIONS FOR SALT TASTE TRANSDUCTION
Pennington Biomedical

The role of amiloride-sensitive sodium channels (ASSCs) in salt taste
transduction has been well-established. Recent experiments in fungiform
taste buds have revealed that sodium transport into taste receptor cells
(TRCs) is saturable, highly selective, regulated by hormones and inhibitable
by amiloride and a number of its analogs. Thus, ASSCs in fungiform TRCs
apparently respond to the same regulatory cues which govern their function in
other transporting epithelia. In the present study, we are investigating the
regulation of ASSCs in rat TRCs by extracellular sodium ions using patchclamp and transepithelial cunent recording techniques. In isolated fungiform
TRCs which contain ASSCs, we have recorded the cunent through ASSCs in
response to voltage ramps using the perforated patch recording configuration
while varying extracellular sodium concentrations. In most cells, cun-ents
through ASSCs are larger in 35 mM NaCI than in 70 mM NaCI, consistent
with an inhibitory effect of extracellular sodium. This process, termed sodium
self-inhibition, takes on the order of seconds to develop. Isolated TRCs which
lack ASSCs do not demonstrate the sodium self-inhibition phenomenon. In
both isolated TRCs and intact lingual epithelia, the sulfhydryl reagent, phydroxymercuribenzoate (p-HMB; 200 pM), removes inhibition by extracellular
sodium, effectively increasing sodium cunents. The effect of p-HMB is
partially reversible by treatment with cysteine (10 mM). These results, taken
together with the fact that in rats salivary sodium concentrations are ~6O mM,
would imply that sodium self-inhibition may be an important regulatory
process in fungiform TRCs and, hence, in the transduction of salty taste

stimuli.

651.5

ELECTROPHYSIOLOGICAL
ACTIONS
OF
QUININE
ON
DISSOCIATED RAT TASTE RECEPTOR CELLS. Yushe Chen* and M.
Scott Herness. Indiana University School of Medicine, Muncie, IND.
47306.
The electrophysiological actions of quinine, a classic bitter stimulus,
were studied on dissociated rat taste receptor cells from foliate and
circumvallate papillae using patch-clamp techniques in the whole cell
recording configuration. Its most profound action was a dramatic
inhibition of outward potassium currents. Inhibitions could be measured
from 10"6 to 10’3 M, a concentration range that coincides well with

behavioral observations in rats.
At the higher range inhibition of
potassium currents was both complete and reversible (97% inhibition at
10"4 M). At lower concentrations inhibition was more profound on the

sustained portions of the current, leaving a transient voltage-dependent
current. This may suggest a site of action on delayed rectifiers. Input
membrane resistance, on the order of 10 GD was increased by quinine by
10 - 20%o. We tested for the presence of a quinine-induced current but
none could be measured. Actions on sodium and calcium currents could
also be measured. Quinine inhibited sodium current by 20 - 30% but
increased calcium cunents (measured with barium as a cunent carrier).
Under cunent clamp conditions, some broadening of the action potential
was noted in the presence of quinine. The action potential amplitude was
decreased but the threshold was not changed.
Supported by NIH DC00401.

651.6
RESPONSES TO GLUTAMATE IN ISOLATED RAT TASTE
CELLS. A. Bigiani. R. J. Delay, N Chaudhari, £. C. Kinnamon and S.
D. Rooer.* Rocky Mt Taste & Smell Center, Denver, CO 80262, and
Dipt. Scienze Biomedche, University di Modena, 41100 Modena, Italy.
Glutamate is an important taste stimulus for humans and animals alike.
A metabotropic glutamate receptor, mGluR4, is selectively expressed in
rat taste buds and may be responsible, in part, for transducing glutamate
taste (Chaudhari, et al. ‘94). Yet, the mechanism of chemosensory
transduction for glutamate is still unknown. We have recorded responses
from single cells in isolated rat taste buds, using perforated patches. 20
mM L-glutamate was dissolved in a modified Tyrode solution
(maintaining iso-osmotic solutions), and bath-applied to taste cells.
Applying glutamate reduced the inward holding current at -80 mV by 5.3
± 2.9 pA, (mean ± SD; n=3). The glutamate response decreased upon
depolarization, with an apparent reversal potential of -11 ± 3 mV (n=2),
close to the equilibrium potential for C-- (-15 mV). An increase in cell
input resistance was observed during the glutamate response (4.7 -> 10.1
GD, n=l). Glutamate had no effects on voltage-gated inward Na+ and
outward K+ currents. Applying 0.85 mM L-AP4, a selective agonist for
mGluR4, mimicked the effects of glutamate. However, at this
concentration, the responses were much smaller. These data suggest that
the activation of mGluR4 and the consequent modulation of a Cl
conductance may be key events in taste transduction for glutamate.
NIH grant DC00374 and Ital. Ministero della University e della Ricerca Scientifica

Society

for

Neuroscience

, Volume 21, 1995

WEDNESDAY AM

GUSTATORY SENSES

651.7

651.8

CHARACTERIZATION OF BITTER RECEPTORS THAT ACTIVATE aGUSTDUCIN AND TRANSDUCIN IN TASTE MEMBRANES. L. RuizAvila* and R.F. Margolskee.Roche Institute of Molecular Biology, 340
Kingsland Street, Nutley, NJ 07110.
Bitter and sweet tastes are believed to be transduced through heterotrimeric G
proteins, which couple taste cell membrane receptors to intracellular effector
enzymes. The taste receptors have not yet been functionally characterized nor
molecularly cloned. Taste cells preferentially express a few G protein alpha
subunits; notably transducin and gustducin (which is absolutely taste specific).
These two proteins are closely related at the amino acid level, and have been
shown to activate a taste-specific phosphodiesterase (Ruiz-Avila et al. 1995),
thereby regulating the concentration of cyclic nucleotides inside the taste cells
and consequently modifying the activity of taste cell cyclic nucleotideregulated channels (Kolesnikov and Margolskee, 1995). We have reconstituted
a taste responsive system using bovine or murine circumvallate papillae
membrane preparations and purified bovine rod transducin or recombinant
gustducin as exogenously added reporters. Both transducin and gustducin are
specifically activated by receptors present in taste membranes and this
activation is enhanced by the bitter compound denatonium (100 pM to 10
mM). Transducin/gustducin activation by denatonium-responsive receptors can
be competitively inhibited with a peptide derived from the receptor interaction
domain of transducin. The denatonium receptor-G protein interaction also
requires Py subunits. Mutations in the C-terminus of gustducin affect its
interaction with rhodopsin and modify its interaction with the denatonium
responsive taste receptor. L. R-A is a Fulbright scholar from the Spanish
MEC-Fulbright postdoctoral program.

MULTIVARIATE CLASSIFICATION OF RAT TASTE RECEPTOR CELLS
BASED ON ULTRASTRUCTURAL MEASURES OF NUCLEAR
MORPHOLOGY. D. W. Pumplin. C. Yu, A. Z. Murphy*, and D, V. Smith.
Dept. Anatomy, Univ. Maryland Sch. Medicine, Baltimore, MD 21201-1559.
Mammalian taste receptor cells are organized within taste buds on the
tongue and other oral, pharyngeal, and laryngeal epithelia. These cells have been
classified into light, dark, or intermediate cells on the basis of several
ultrastructural criteria. Light cells are said to have large, round or ovoid, smooth
nuclei with little heterochromatin and a relatively electron-lucent cytoplasm. Dark
cells are characterized as having elongated, invaginated, heterochromatic nuclei
and electron-dense cytoplasm. Intermediate cells lie between these extremes.
Both the occurrence of large numbers of intermediate cells and the dependence of
the light/dark categorization on the parameters of fixation suggest that such a
classification may be somewhat arbitrary.
Rats were perfused with 1%
paraform;tidehyde/2.5% glutaraldehyde in 0.05 M sodium cacodylate buffer,
tongues were removed, and semi-serial thin sections were cut transverse to the
longitudinal axis of the vallate taste buds. To develop objective criteria for cell
classification, the nuclear morphology of 95 cells was quantified with several
measures that are purported to correlate with the light/dark cell classification
(nuclear area, eccentricity, irregularity, and heterochromaticity). These measures
discriminated well among taste cells. The resulting matrix of measurements was
analyzed with both hierarchical cluster analysis (SPSS CLUSTER) and
multidimensional scaling (SPSS ALSCAL). The multivariate distributions of the
cell nuclei were continuous, suggesting that the light/dark cell dichotomy may
represent points along a continuum of morphological types.

Supported by NIH grant DC00347 to DVS.

651.9

651.10

AMILORIDE TREATMENT ELIMINATES THE SOURNESS BUT NOT
THE SALTINESS OF SODIUM CHLORIDE AND LITHIUM CHLORIDE.
C. A. Ossebaard, K. J. Ciombor, and D. V. Smith*. Dept. Anatomy, Univ.
Maryland Sch. Medicine, Baltimore, MD 21201-1559.
Taste receptor transduction of Na+ salts has been shown in many
species to be largely mediated by amiloride-sensitive ion channels on the
apical receptor membrane. The residual response to these salts is mediated by
a paracellular pathway that is insensitive to amiloride. These biophysical and
additiona electrophysiologica data in rodents have led to the speculation that
saltiness arises from this amiloride-sensitive component. We have previously
shown that in humans the taste of NaCl is less suppressed by amiloride than
the taste of Na-gluconate, which is consistent with the effects of amiloride in
the rat. However, amiloride affects only the sour side taste of these salts and
produces no effect on their saltiness. This suggests a correlation between
stimulation of the apical ion channels and the sourness of Na+ salts. These
apica ion channels have been shown to be more permeable to Li than to
Na+; LiCl aso has a larger sour component than NaCl. Therefore, we
hypothesized that the taste of LiCl would be more greatly suppressed by
amiloride than the taste of NaCl. Human subjects estimated the taste
intensity and qualities of several concentrations of NaCl, LiCl, and KC1.
Amiloride suppressed the sourness of LiCl more than that of NaCl; there was.
no effect on the taste of KC1. Estimates of the saltiness of these stimuli were
unaffected by amiloride treatment. We propose that Na+ and Li+ stimulation
of amiloride-sensitive ion channels elicits a sour taste; saltiness may arise via
the paracellular pathway.

CHORDA TYMPANI SINGLE-UNIT STUDIES ADDRESSING TASTE
CODING OF SODIUM SALTS AND SWEETENERS IN HAMSTERS. B.K
Formaker, B.I. MacKinnon, T.P. Hettinger and M.E. Frank*.
BioStructure & Function, University of Connecticut Health
Ctr., Farmington CT 06030.
We are recording responses of single units in the
chorda
tympani
(CT)
nerve
of
golden
hamsters
(Mesocricetus auratus).
Stimuli include sodium salts,
sweeteners, the saccharide mixture: Polycose, deionized
Polycose, and the binary mixture of sucrose plus
quinine.HCl (QHC1).
Our response measure is the total
number of spikes during the initial 5 s of response minus
the average spontaneous rate for the unit.
Preliminary
results show that all tested 0.1 M sodium salts are
effective for NaCl-best units.
They have the following
relative effects: NaCl = NaBr > sodium acetate = sodium
benzoate > sodium gluconate. This result demonstrates an
effect of anion size on sodium salt transduction in NaClbest units (Rehnberg et al., 1993). Also, the reliable
effect of 10% Polycose on NaCl-best units is eliminated
by deionization, indicating that much of the CT response
to Polycose is due to its ionic contaminants.
The
sweeteners 0.04 M sucrose, 0.4 M fructose, and 0.1 M
glycine, tested at EC50 concentrations for whole nerve
responses (Myers et al., 1993), are all effective stimuli
for
sucrose-best units.
Consistent with the weak
behavioral generalization between sucrose and Polycose,
deionized Polycose has a very small effect on sucrosebest units.
Finally, 0.05 M sucrose is more effective
stimulus than sucrose mixed with 0.03 M QHC1 for sucrosebest units.
This is consistent with the suppression of
whole-nerve responses to sucrose by QHC1 (Formaker &
Frank, 1995). (Supported by NIH R01 DC00058]

Supported by NIH grant DC00353 to DVS.

651.11

651.12

EMERGENCE OF AFFERENT FIBER TERMINAL
ALTERATIONS IN SODIUM RESTRICTED RATS.

FIELD

B.R. Walker* and D.L Hill. University of Virginia, Charlottesville, Va 22903
Previous work from our lab has shown that dietary sodium restriction
instituted early in prenatal development produces anatomical and functional
changes in the developing gustatory system. In particular, neurophysiological
recordings from the chorda tympani nerve (CT) demonstrate that whole nerve
responses to NaCl are reduced in restricted rats while responses to non-salt
stimuli are unaffected. Furthermore, early sodium restriction causes a
rearrangement of the CT terminal fields within the nucleus of the solitary tract
(NTS) in restricted rats, while glossopharyngeal (IX) terminal fields remain
similar to controls. Developmental sodium restriction also produces
postsynaptic changes in the NTS. For example, neurophysiological NTS
recordings of restricted rats repleted with sodium show hyper-responsive
activity to only sodium salts, while Golgi techniques have revealed dendritic
alterations of the presumptive projection neurons from the NTS.
To examine the developmental time course of the alterations seen in the
NTS in response to the NaCl restriction paradigm, the chorda tympani nerve
was labelled in a developmental series with a 3KD biotinylated dextran amine
neuronal tracer just peripheral to the geniculate ganglion in sodium restricted
and control rats. Results show that the alterations begin at early postnatal time
points, and continue through until adulthood. These results suggest that
developmental dietary sodium restriction could alter the pathway which the
afferent fibers follow to their target.
Supported by the NBD training grant (B.R.W.) and NIH DC 00407.

MULTIVARIATE ANALYSES REVEAL POTENTIAL RELATIONSHPS
BETWEEN THE STRUCTURE AND FUNCTION OF GUSTATORY NEURONS.
W.E. Renehan*, Z. Jin, X. Zhang and L. Schweitzer Henry Ford Hospital, Detroit,
MI 48202 and Univ. Louisville Sch. Medicine, Louisville, KY 40292.
We have recently shown that a neuron's most effective stimulus (“best
response”) is a relatively poor predictor of neuronal morphology. The present
investigation was conducted to test the hypothesis that individual “best response”
groups may be comprised of physiologically-distinct neuronal subsets that do
exhibit unique morphologies. Glass micropipettes filled with 2.0% Neurobiotin
were used to test the response of NST neurons to 0.1M NaCl (N), 0.01N HC1 (H),
0.01M quinine (Q) and 1.0 M sucrose (S). Seventy-one neurons that responded to
one or more tastants were injected with Neurobiotin and reconstructed in three
dimensions using the Eutectic Neuron Tracing System. Each response was
corrected for spontaneous activity and the Pearson correlation coefficients of all
possible stimulus-response pairs were calculated. These coefficients were used to
perform a cluster analysis (SPSS) and the results of the cluster analysis were used to
define physiological subsets. Analyses of variance were then performed to
investigate relationships between morphologic features and physiological response
properties. We were able to identify a number of trends that appear to deserve
further examination with a larger data set. There was a trend (F=2.2, d.f.=4,6l;
p=0.08) between mediolateral extent and response category, with a subset of the
neurons that responded best to NaCl (N>H>S or Q) more widespread than the S-best

or Q-best neurons. This N-best subset was also more broadly tuned than all other
groups (F=4.2, d.f.=4,61; p<0.01) except the Q-best neurons and there was a trend
(F=l.9, d.f.=4,61; p=0.12) that indicated that this group had a larger soma-dendritic
receptive field (in the coronal plane) than all .other groups. These data indicate that
physiologically-defined subsets of the traditional N-, H-, Q- and S- ‘best' categories
may provide important insights into structure-function relationships in the NST.
Supported by DC01074.

Society

1657

for

Neuroscience

, Volume 21, 1995

1658

GUSTATORY SENSES

WEDNESDAY AM

651.13

651.14

MORPHOLOGICAL AND FUNCTIONAL PROPERTIES OF ACUTELY
ISOLATED NEURONS FROM THE GUSTATORY NUCLEUS OF THE
SOLITARY TRACT. R.M. Bradley* and J Du. Dept. Biologic and Materials
Sciences, Sch. of Dentistry, Univ. of Michigan, Ann Arbor, Ml 48109-1078.
To study the functional properties of identified neurons in the rostral
(gustatory) nucleus of the solitary tract (rNST), we have acutely isolated the
cells so that direct comparisons can be made between structure and
biophysical properties of the neurons. Neurons were isolated from 300 pm
thick horizontal brainstem slices from rats aged 6-20 days. The rNST was
dissected from the slices, placed in HEPES buffer containing 0.5% protease
type 23 and then triturated with a series of different diameter, fire-polished
Pasteur pipettes. The dissociated neurons were then placed on a poly-Llysine coated coverslip in a plastic petri dish and superfused with oxygenated
saline. Viewed with an inverted microscope, elongate, multipolar and ovoid
neurons could easily be distinguished. These same neuron morphologies
have been described in rNST by us and other investigators using a variety of
morphological techniques. We recorded from the neurons using the whole
cell configuration of the patch clamp technique. The isolated neurons had
mean resting membrane potentials of -69 ± 14 mV, a mean input resistance
of 308 ± 66 MQ and overshooting action potentials. When depolarized the
neurons either fired a regular train of action potentials or a short burst of
action potentials that then accomodated. For some neurons the initiation of
the regular train of action potentials was delayed by a brief membrane
hyperpolarization. These intrinsic properties are similar to those we have
previously reported in whole cell recordings from rNST neurons in brain slices
(J.Neurophysiol. 67:1659, 1992). This study shows that neurons acutely
isolated from the rNST maintain both their morphological and biophysical
properties. (Supported by NIDCD grant DC00288 to R.M.B.)

CLASSIFICATION OF TERMINALS THAT CONTACT DENDRITIC
SOLITARY TRACT (NST). l

Schweitzer, Z. Jin*. T. Cecil,

B.M. Wetherton and W.E. Renehan Univ. of Louisville Sch. Med.,
Louisville, KY 40292 and Henry Ford Hospital, Detroit, Ml 48202.

We have recently established that there are eight morphologicallydefined gustatory cells types in the NST. Cells in one of these cell
types have small somata (<125 pm2) and a high density of dendritic

swellings (>.O5/pm). To investigate the ultrastructural
characteristics of terminals that contact the dendritic swellings, cells

of this type were processed for electron microscopy. Thpse cells were

tested for their responses to an array of tastants, filled with
Neurobiotin, reacted with DAB and flat embedded in resin. We were

able to verify that dendritic swellings receive synapses.

These

terminals are of the "primary-like", "SP" and "MP" (small and
medium pleomorphic) types as defined by Whitehead (JCN, 332,

1993). We have classified the responses of these cells. A
disproportionate number of them are NH4CI-best and HCI-best. One
cell of this type only responded to two (HCI and NH4CI) of the eight
tastants and was NH4CI-best. This cell receives terminals onto

dendritic swellings and the terminals contacting the swellings have
rounded or pleomorphic vesicles. We have verified that synapses of

all morphological types defined by Whitehead are found in the area in ‘
which our gustatory cells are labelled, yet several synaptic types do
not appear to contact dendritic swellings.
Supported by DC01074.

651.16

651.15
FOREBRAIN PROJECTIONS TO THE ROSTRAL NUCLEUS OF THE
SOLITARY TRACT IN THE HAMSTER. M.C. Whitehead*.
A. Bergula and K. Holliday. UCSD, La Jolla, CA 92093
The nucleus of the solitary tract (NST) is the first central
site of taste information processing. Specific subdivisions
of the NST receive taste afferent input and contain
interneurons and projection neurons that engage
ascending or premotor taste
pathways. The forebrain
projects to the NST and can influence taste responses, but
the anatomical relationship between forebrain inputs,
primary inputs and NST cell types is not understood. To
evaluate this cholera toxin B (CTb) was injected into the
rostral NST to retrogradely label the sources of forebrain
inputs. Cells were labelled bilaterally in the hypothalamus,
bed nucleus of the stria terminalis, amygdala, and insular
(gustatory) cortex. Injections of Ctb into gustatory cortex,
the site of most forebrain-NST cells, labelled axon endings
confined to the rostral NST. These endings were
concentrated in the
rostral
central
an d
ventral
subdivisions. In the rostral central subdivision corticofugal
endings are positioned influence microcircuits that include
taste afferent synapses, synapses of presumed inhibitory
interneurons, and neurons that project to the parabrachial
nucleus. In the ventral subdivision corticofugal endings
synapse among premotor neurons
that ultimately
influence salivatory and oromotor outflow.
Supported by NIH grant DC02O45

651.17
CENTRAL CONSEQUENCES OF GUSTATORY AXOTOMY IN THE
RAT: TIME COURSE OF TRANSGANGLIONIC DEGENERATION.
M. B. Vogt*. C. Yu, and D. V. Smith.
Department of Anatomy,
University of Maryland School of Medicine, Baltimore, MD 21201-1559.
Numerous studies have documented the peripheral gustatory system’s
remarkable capacity for anatomical regeneration and functional recovery
following gustatory nerve lesions. However, little is known of the central
consequences of gustatory nerve damage. We examined the time course of
transganglionic degeneration in the rostral portion of the nucleus of the
solitary tract (NST) following combined lesions of the chorda tympani and
glossopharyngeal nerves, which innervate taste buds on the anterior and
posterior tongue, respectively. In 12 rats a 2-5 mm section of nerve was
excised on the right side, distal to the ganglion, from both the lingualtonsillar branch of the glossopharyngeal nerve and the chorda tympani
nerve; animals then survived for 2, 7, 12, 17 or 22 days. Controls included
the intact contralateral side in each experimental rat and 3 additional rats
that underwent sham surgeries. Brains were sectioned at 40 pm and
processed simultaneously with the amino-cupric silver degeneration method.
Degenerating fibers were observed ipsilaterally, consistent with the demonstrated projections of these nerves into the rostral NST. Sham-operated and
2-day survival rats showed little or no degeneration. By 7 days there was
considerable degeneration which continued to increase through 22 days.
Thus peripheral taste nerve section results in transgangl ionic degeneration
which may alter synaptic organization in the NST and provide the
opportunity for plasticity during regeneration.

Supported by NIH grants DC02163 to MBV and DC00347 to DVS.
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EXPRESSION OF c-FOS IN THE RAT .PARABRACHIAL NUCLEUS
FOLLOWING INGESTION OF MONOSODIUM GLUTAMATE AND OTHER
TASTANT STIMULI. S. M. Royer*!2, J. C. Kmnarnon' and S. D. Roper?.
'Dept. of Biological Sciences, Univ. of Denver, Denver, CO 80208 and 2Dept. of
Anatomy and Neurobiology, Colorado State University, Ft. Collins, CO 80523.
In rodents, the pontine parabrachial nucleus (PBN) includes the second order
gustatory relay in the CNS. In order to compare the localization of PBN responses
to monosodium, glutamate (MSG) with that of responses to other taste stimuli, we
used immunocytochemistry to detect Fos protein expression in PBN neurons
following ingestion of tastants. Adult rats were water-deprived and trained to drink
during a one-hour period each day. On the experimental day, rats were given either
distilled water or a tastant solution during the drinking period. Brains were
subsequently fixed by perfusion and the pontine regions sectioned at 5Ogm on a
Vibratome. Fos-like immunoreactivity (Fos-ir) was visualized using a rabbit
polyclonal antibody (Santa Cruz Biotechnology, 1:6000). Although sparse Fos-ir
appeared throughout the PBN, the location of the greatest concentration of Fos-ir
cells occurred in different PBN subnuclei, depending upon the tastant solution
ingested. In animals that received distilled water, a distinct cluster of Fos-ir neurons
appeared in the dorsal subnucleus (dls) of the lateral PBN. Fos-ir was similarly
localized following ingestion of 500mM sucrose. Rats that were given 3mM
quinine HCI showed the greatest Fos-ir in the ventral region of the external lateral
subnucleus (els) and the external medial subnucleus (ems). In animals that received
500mM MSG plus 30pm amiloride, Fos-ir was concentrated in the els in an area
more dorsal than that observed in animals receiving quinine HCI. The region of
greatest Fos-ir in response to 500mM MSG appeared to correspond to the zone in
which Fos-ir has been observed following intraperitoneal injection of LiCl
(Yamamoto et al„ NeuroReport 3:1049, 1992).
(Supported by NIH DC01853, NIH DC00244 and NIH DC00374)
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VENTRAL STRIATAL /VENTRAL PALLIDAL SYSTEMS

652.1

652.2

DOPAMINE INHIBITION OF NUCLEUS ACCUMBENS CELL ACTIVITY OCCURS
VIA 1 WO INDEPENDENT MECHANISMS: EVIDENCE FROM IN VIVO AND IN
VITRO INTRACELLULAR RECORDINGS. A.A. Grace* and P. O’Donnell. Depts.
Neuroscience and Psychiatry,, University of Pittsburgh, Pittsburgh, PA 15260.
The excitatory or inhibitory nature of dopamine (DA) receptor activation has been a
topic of controversy for years. This study analyzes the effects of DA-related drugs on
indices of cell excitability in vitro, and on the pattern of spontaneous firing observed in
vivo. Forty-five cells were recorded from slices containing the nucleus accumbens.
Perfusion with the Dl/D2 agonist apomorphine (10-150 pM) caused the membrane to
depolarize from -68.8 ± 8.3 mV to -57.3 ± 10.5 mV without concurrent changes in input
resistance or the time constant. The amplitude of current injection required to trigger
spike firing was increased from 0.28 ± 0.18 nA to 0.49 ± 0.32 nA (p<0.005) following
apomorphine, and the membrane potential at which the cells fired was shifted from -44.2
± 8.2 mV to -33.6 ± 13.1 mV (p<0.0001). This decrease in excitability was also obtained
with the combined perfusion with a D1 agonist (SKF38393; 3 pM) and a D2 agonist
(quinpirole, 10 pM), but not by administration of either drug alone.
Intracellular recordings were made in vivo from 2 accumbens cells that exhibited a
bistable membrane potential. Systemic administration of a combination of SKF38393 (10
mg/kg, i.v.) and quinpirole (10 mg/kg i.v.) reduced the frequency at which the membrane
switched to the depolarized, active state from 1 Hz to 0.5 Hz in both cells tested. Since
w.* Lave previously shown that responses to prefrontal cortical inputs can be elicited only
during the depolarized state (J.Neurosci, 1995,15:3622-3639), a decrease in the frequency
of depolarizing periods would result in a functional blockade of cortical throughput in the
nucleus accumbens. Furthermore, both in vivo and in vitro actions appear to be mediated
by coactivation of D1 and D2 receptors. Thus, despite the DA-mediated depolarization
of accumbens cell membranes, the combined effects of a decrease in cell excitability and
the reduction in transitions to the depolarized state would independently produce an
inhibitory influence on nucleus accumbens neuron activity. Supported by MH42217,
45156, 01055 (AAG), and Tourette’s Syndrome Association (P.O’D.).

652.3

THE VENTRAL PALLIDUM
ACCUMBENS FEEDBACK
PATHWAY: ANATOMICAL AND ELECTROPHYSIOLOGICAL
STUDIES.
M. Wu, A. W. Hrycyshvn S. M. Brudzvnski*. Dept. of Physiology and
Dept. of Anatomy, Univ. of Western Ontario, London, Ontario, Canada
N6A 5C1.
Earlier evidence has suggested that a feedback loop may exist from
the nucleus accumbens to the ventral pallidum (VP), to the ventral
tegmental area (VTA), and back to the nucleus accumbens. Recent
anatomical studies have also shown that a reciprocal projection between
VP and the accumbens exists. In the present study, anatomical and
electrophysiological techniques were used to investigate the functional
organization of these feedback loops.
The anterograde tracer dextran conjugated rhodamine was injected
into the VP of rats. Labelled terminals were found in both the nucleus
accumbens and the VTA In standard extracellular recording studies,
electrical stimulation of the VP evoked mostly inhibitory responses of
the accumbens and VTA neurons. 75% of the 'responded neurons had
a latency of less than 10 ms. Furthermore, the injection of the
glutamate into the VP not only altered the firing pattern of the
accumbens neurons but also attenuated the excitatory responses of these
neurons elicited by electrical stimulation of the hippocampus.
Since the feedback loop of VP-*VTA->accumbens would likely take
a longer time to complete than the more direct loop of VP-^accumbens,
the results from present study suggest that a direct VP-*accumbcns
pathway may influence the limbic input to the nucleus accumbens.
(Supported by MRC of Canada)

652.4

IMPAIRED ACQUISITION OF INTRACRANIAL SELF-STIMULATION IN
RATS WITH BILATERAL KAINIC ACID-INDUCED LESIONS OF NUCLEUS
ACCUMBENS SEPTI. A.Yu.Bespalov* and E.E.Zvartau. Dept. of
Pharmacology, Pavlov Med. Univ., St.-Petersburg 197089, Russia
Excitotoxic lesions of nucleus accumbens septi (NAS) were
previously shown to have a delayed effect on the intracranial selfstimulation (ICSS) responding in rats. The present study addressed the
ability of kainic acid-induced lesions of NAS to affect acquisition of
ICSS. Male Wistar rats were implanted with a unilateral bipolar electrode
into the ventral tegmental area and bilateral cannulas were implanted
into the NAS. Seven days postoperatively two groups of animals lesioned and sham-lesioned - were trained to respond for the response
contingent electrical stimulation (continuous reinforcement schedule).
Fourteen 28-min training sessions were performed once a day by an
experimenter blind to the grouping factor. Percent of animals
responding for electrical stimulation by the end of the training period
were calculated after histological verification of cannula/electrode
placement and evaluation of the size of lesions. The kainic acid-induced
damage was generally restricted to the NAS and minor damage to
caudatus-putamen was consistently present. Only 2 out of 10 kainic
acid-lesioned animals responded more than 200 times a session by the
last training session, whereas 5 out 6 control sham-lesioned
successfully acquired the SS responding (p<0.05, chi-square test).
These data suggest that NAS is necessary for the acquisition of ICSS.
(Supported in part by grant NWO 07-13-087 of Dutch Medical Council).

REGULATION OF PREPULSE INHIBITION IN THE RAT BY VENTRAL
PALLIDAL PROJECTIONS. M.H. Kodsi*, N. Taaid, H.L Hartston. D.
Zisook, F.J. Wan, N.R. Swerdlow. UCSD Dept. Neurosci., La Jolla, CA
92093.
Prepulse inhibition (PPI) of the acoustic startle reflex is the reduction of
startle amplitude by weak prestimuli delivered 30-500 msec prior to the
startling stimulus. Since PPI is significantly reduced in specific
neuropsychiatric disorders, studies have attempted to elucidate the neural
substrates that regulate PPI. Previous observations have shown that PPI is
regulated by GABAergic projections from the ventral striatum to the
ventral pallidum (VP). The GABA-A antagonist picrotoxin activates VP
neurons and dose-dependenfly reduces PPI. In order to determine which VP
projections carry modulatory signals to the primary startle circuit, we
measured PPI after quinolinic acid lesions of the subthalamic nucleus
(STN), mediodorsal thalamus (MD), and pedunculopontine tegmental
nucleus (PPTg). We also determined the effects of these lesions on
apomorphine reduction of PPI and on amphetamine-stimulated locomotion.
Since VP efferents include GABAergic fibers, we also measured PPI after
infusion of the GABA-A agonist, muscimol, into relevant VP targets. Of the
three excitotoxic lesion sites, only PPTg damage significantly reduced PPI,
and only STN lesions significantly disrupted amphetamine-stimulated
locomotion. Apomorphine-induced reduction of PPI was not significantly
altered by any of the lesions. Muscimol infusion into the PPTg dosedependently reduced PPI. PPI thus appears to be regulated by ventral
pallidal projections to the PPTg, but not to the STN or to the MD. Furthermore, activation of PPTg GABA-A receptors mimics the PPI disruption that
follows activation of the VP. These findings collectively support the notion
that PPI is regulated by a GABAergic projection from he VP to the PPTg.

652.5

652.6

CORTICO-STRIATAL SUBSTRATES OF PREPULSE INHIBITION OF
ACOUSUC STARTLE IN THE RAT F. I. Wan*. M. H. Kodsi, S. B. Caine and
N. R. Swerdlow. Depts. of Neuroscience and Psychiatry, Univ. of
California San Diego, La Jolla, CA 92037-0804.
Inhibition of the acoustic startle reflex by a weak "prepulse" is an
operational measure of sensorimotor gating that can be studied in both
humans and rats. Since deficits in prepulse inhibition (PPI) are
characteristic of several neuropsychiatric disorders including
schizophrenia, it is of interest to elucidate the neural substrates underlying
PPL Importantly, recent studies using neuroimaging and neuropathological
methods have identified abnormalities within limbic cortico-striatal
circuitries in schizophrenia patients. In the present experiment, we
examine limbic cortico-striatal substrates of PPI in the rat. Preliminary
data shows that PPI is disrupted after infusion of the non-NMDA agonist
AMPA into the nucleus accumbens (NAc) core and shell subregions. This
effect of AMPA in the core can be blocked by systemic pretreatment with the
D2 antagonist haloperidol (0.1mg/kg), whereas that of AMPA in the shell
appears not to be blocked by haloperidol. Infusion of NMDA (0.8pg) into
the venfral subiculum of the hippocampus significantly reduces PPI. This
effect of NMDA on PPI is not prevented by he non-NMDA antagonist
CNQX (2.5pg) infusion into the NAc core or shell subregion, or by systemic
injection of haloperidol. PPI is reduced after infusion of either NMDA or
the NMDA antagonist AP5 into the basolateral amygdala, but not after
quinolinic acid (0.15M/03pl) lesions of the basolateral amygdala. We are
now studying the potential contribution of the prefrontal cortex and its
connection with the NAc to the modulation of PPI. Our results suggest that
glutamatergic limbic cortico-ventral striatal circuitries play an important
and complex role in the regulation of sensorimotor gating in the rat.

DOPAMINE RECEPTOR MODULATION OF WHOLE CELL SODIUM
CURRENT IN ACUTELY DISSOCIATED RAT NUCLEUS ACCUMBENS
NEURONS. X.-F. Zhang* and F. J. White Dept. Of Neuroscience, FUHS/ The Chicago
Medical School, 3333 Green Bay Road, North Chicago, IL 60064-3095
The nucleus accumbens (NAc) is a venfral striatal region that serves as an interface
between limbic and motor systems and thereby plays essential roles in motivational aspects
of behavior. Therefore, NAc neurons and their dopaminergic (DA) innervation have
become the subject of considerable interest and their physiological properties are currently
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being studied under a variety of conditions. In the present studies, we used intracellular
current clamp and whole-cell voltage clamp techniques to investigate dopamine receptormediated modulation of TTX-sensitive sodium current (L). In adult rat NAc slices, bath
application of DA (25 pM, n=6) significantly hyperpolarized NAc neurons, increased the
amount of intracellular current injection required to generate action potentials, increased
the spike threshold and decreased spike amplitude. Similar results were observed in two
neurons with application of the DA D, receptor-class agonist SKF 38393. For whole-cell
recordings, NAc neurons from 1-4 weeks old rats were acutely dissociated. Only mediumsized neurons (6-12 pm) were used. Application ofDA (10-25 pM) reduced peak In (3/3).
SKF 38393 (1-5 pM) also reduced peak IN, (10/12), an effect that was completely blocked
by die DA Dt-class receptor antagonist SCH 23390 (5 pM). The degree of inhibition

produced by SKF 38393 was 6.5-30.8%. This agonist reduced peak IN. without affecting
die activation pattern. Instead, die steady-state inactivation curve was shifted about 5 mV
in the negative direction. The DA D2-class receptor agonist quinpirole (1-5 pM) exerted
diverse effects on In , in that two (of 8) neurons responded with increased current, whereas
four responded with decreased IM. Both of the effects were completely blocked by DA D2class receptor antagonist eticlopride (5 pM). These results indicate that DA D, receptor
activation reduces INl, results in hyperpolarization of NAc neurons and decreased
excitability. The effects of DA D2-class receptor activation appear more complex and
variable, perhaps indicating multiple receptor involvement. (Supported by DA04093 and
DA00207 to FJW).
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CHOLECYSTOKININ-MEDIATED INCREASES IN AXONAL
TERMINAL EXCITABILITY OF DOPAMINERGIC AFFERENTS TO
ACCUMBENS. M. Garcia-Munoz*. P. Patino, S.J. Young and P.M.
Groves. Department of Psychiatry, School of Medicine, University of
California, San Diego. La Jolla, CA 92093-0603.
The nucleus accumbens (NA) receives afferents that contain both
dopamine (DA) and cholecystokinin (CCK). It has been proposed that
CCK can modify the release of DA by acting on presynaptic
autoreceptors located on DA-CCK afferents. Electrical excitability
testing of terminal axons was employed to study the consequences of
increased impulse flow in DA-NA afferents on presynaptic effects of
CCK in urethane anesthetized rats. Excitability was measured as the
probability of antidromic firing of DA neurons after stimulation of NA
Throughout the experiment, the stimulus current was maintained at a
constant value, determined during the baseline period, that elicited
antidromic responses on approximately 50% of the stimulus
presentations. To increase impulse activity, the medial forebrain
bundle (MFB) was stimulated with three pulses at 20 Hz, 100ms prior
to the NA test stimulus. This sequence was repeated at 1 Hz for 5
min. The increase in impulse activity resulted in an enhancement in
terminal excitability. Intra-NA infusion of the CCK-A or CCK-B
receptor antagonists devazepide (10nM) or L-365-260 (20nM),
respectively, just prior to the MFB conditioning trains prevented the
stimulus-induced increase in excitability. Instead, MFB stimulation
produced a decrease in DA-NA afferent terminal excitability. This
decrease in excitability was abolished by impairing DA transmission
with a-methyl-p-tyrosine (250 mg/kg, i.p., 12 and 2 h before recording).
We conclude that during higher rates of impulse activity, CCK
released from DA-CCK containing afferents can stimulate presynaptic
receptors to increase excitability and DA release.

BASAL GANGLIA:

DISTINCTIVE ROLES OF GLUTAMATE RECEPTOR SUBTYPES OF THE
STRIATUM IN MOVEMENT SELECTION: A HYPOTHESIS FOR SERIAL
ORGANIZATION. M. Pisa*, Dept. Biomed. Sci., McMaster Univ., Hamilton, Ont.,
Canada, L8N 3Z5.
In support of the hypothesis of distinctive motor roles of NMDA and AMPA receptors
of the striatum, we previously reported that blockade of NMDA receptors of the
ventrolateral striatum (VLS) of male Wistar rats by injections of CPP (1-10 nmole)
significantly increased chewing in vacuo, a nonextemally directed oral movement, while
decreasing grooming, an externally directed oral movement toward the animal's own fur.
In contrast, blockade of AMPA receptors by injections of NBQX (1-10 nmole) into the
VLS significantly reduced grooming, but did not increase chewing in vacuo. The trend
for NBQX actually to reduce chewing in vacuo was not statistically significant,
apparently owing to a floor effect, i.e. a low baseline level of chewing in vacuo in
vehicle treated animals. The hypothesis that AMPA-receptor blockade depresses both
directed and nondirected oral movements was tested by examining the motor effects of
NBQX injections (1-10 nmole/0.5 pL) into the VLS against a background high level of
chewing in vacuo induced by CPP injections (5 nmole/0.5 pL) into the VLS. Injections
of CPP alone replicated the motor effects found previously. Co-injections of NBQX
with CPP virtually abolished the high levels of chewing in vacuo induced by CPP alone.
The co-injections also significantly reduced grooming relative to vehicle controls, but
not compared with CPP alone, owing to a ceiling depressant effect of CPP on grooming.

These results are consistent with the hypothesis that AMPA and NMDA receptors of the
VLS play distinctive roles in the initiation of reaching and chewing components of
appetitive-consummatory oral motor sequences. More specifically, I propose that coactivation of both receptor subtypes mediates the initiation of oral reaching, whereas
hypoactivity specifically of NMDA receptors mediates the initiation of (transition to)
chewing. Hypoactivity of AMPA receptors suppresses all movements. (Supported by
NSERC. M. Pisa is a Research Associate of the Ontario Mental Health Foundation).

NIGRA AND RELATED SYSTEMS

653.1

653.2

MODULATION OF SUBSTANTIA NIGRA DOPAMINE NEURON ACTIVITY BY
MUSCARINIC ANTAGONIST ADMINISTRATION. C.L. Todd, W. Cameron* and
A.A. Grace. Depts. of Neuroscience and Psychiatry, Center for Neuroscience, Univ. of
Pittsburgh, Pittsburgh, PA 15260.
Benztropine (Benz) is a muscarinic antagonist that is used clinically to treat acute
dystonia, an extrapyramidal side effect induced by antipsychotic drugs (APDs). Acute
dystonia typically occurs within the first four days of treatment with APDs, and is more
common when high-potency APDs (e.g. Haloperidol (HAL)) are used. Although the
effects of APDs on the firing rate of substantia nigra (SN) DA cells have been well
characterized, little data regarding the effects of Benz on these cells has been reported.
Therefore, in this study we examined the effects of Benz on SN DA cell firing using in
vivo extracellular single unit recordings from male Sprague-Dawley rats anesthetized with
chloral hydrate, 400 mg/kg, i.p. Recordings of baseline activity were made from identified DA cells for at least five minutes prior to and following administration of each drug.
In one group of animals, the effects of Benz administered alone was tested. Benz
administered in a dose-response manner (initial dose 0.01 mg/kg i.v.) caused a significant
dose-dependent decrease in mean firing rate in 4/5 cells tested. In this group, the mean
cumulative dose of Benz required to cause a decrease in firing rate of 10% was 0.55 ±
0.30 mg/kg. In another group of rats, the effects of HAL pretreatment on the response to
Benz was tested. Hal administration resulted in a significant increase in firing rate in 4/5
DA cells tested. Subsequent administration of Benz also caused a significant dosedependent decrease in firing rate in 4/5 cells tested. The mean cumulative dose of Benz
required to cause a 10% decrease in firing rate from that present after HAL was 0.06 ±
0.04 mgmg. In athirh group of ratr, Benz was aivenin asingln bo lbs uo se of 15 mgmg
i.v., either with (n=2) or without (n=l) previous treatment with Hal (0.1 mg/kg i.v.). In
all three cases, Benz caused a 100 % inhibition of firing. Therefore DA cells were found
to be more sensitive to Benz-induced inhibition following HAL pretreatment. This
interaction may account for the effects of Benz in treating neuroleptic-induced acute
dystonia in humans. Supported by MH42217, MH01055, NS19608.

HIPPOCAMPAL ACTIVATION SUPPRESSES VTA DOPAMINE CELL FIRING.
A POTENTIAL ROLE FOR HIPPOCAMPAL REGULATION OF PHASIC DA
RELEASE. D.G. Harden* and A.A. Grace. Depts. Of Neuroscience and Psychiatry,
Center for Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.
Post-mortem studies of the brains of schizophrenics suggest that hippocampal
damage may play an important role in the etiology of this disorder. Although several
studies have examined the impact of hippocampal lesion on dopamine (DA) function
in striatal targets, the influence of hippocampal activity on DA cell firing has not been
reported. This study examines the effects of hippocampal activation on VTA DA cells
recorded in rats. In one set of experiments, electrical stimulation consisting of single
puises with a duration of 0.5 msec and intensity ranging from 0.5-1.0 mA were
delivered to the fornix. Activation of the fornix potently inhibited 27/31 (87%) of
VTA DA cells tested. The mean onset latency of the inhibition was 33.0 ± 4.2 msec
(k-90 msec) and the mean duration was 198.9 ± 28.3 msec (40-515 msec). To address
the possibility that the observed suppression was due to inadvertent activation of nonhippocampal projections, direct stimulation of the CAl/subicular region was
performed in a second set of experiments. Similar to fornix stimulation, direct
activation of the hippocampus also resulted in inhibition of VTA DA cell firing in 15/
32 (47%) of the neurons examined. The mean onset latency of the response was 44.7
± 6.5 msec (10-95 msec) and the mean duration was 127.8 ± 49.5 msec (35-705 msec).
Because there are no direct projections from the hippocampus to the DA cells of the
VTA, the observed inhibition is likely to be mediated by polysynaptic pathways
involving the nucleus accumbens or prefrontal cortex or both.
The finding that hippocampal activation suppresses DA cell firing, suggests
that hippocampal damage reported to be present in schizophrenia could potentially
disrupt subcortical DA systems by reducing an inhibitory influence at the level of the
cell body. This work was supported by NS19608, MH42217, MH 01055.

653.3

653.4

ACTIONS OF SEROTONIN ON SUBSTANTIA NIGRA PARS RETICULATA
NEURONS IN VITRO. I.M. Stanford* and M.G. Lacev. Dept of Pharmacology,
Univ. of Birmingham, Birmingham, B15 2TT. U.K.
The GABA containing neurons of the substantia nigra pars reticulata (SNr) constitute
a major relay of basal ganglia output projecting to the thalamus, superior colliculus and
brainstem. The SNr appears to have a role in controlling eye movement, promoting
voluntary movement and has been implicated in the generation of seizure activity. SNr
neurons receive inputs from GABA-containing pallidal and striatal neurons, glutamatecontaining subthalamic nucleus neurons as well as a serotonin input from the dosal
raphe. Whole-cell patch clamp recordings were made from SNr neurons from 300pm
pagaoaggital slices of midbrain from rats 9-12 days of age. Individual neurons were
visualized and recordings made using a Nomarski optical system (Zeiss Axioskop, x40
water immersion objective). SNr neurons were easily identified as they fired
spontaneous action potentials at a fast rate (range 5-38Hz, mean 15.6 ± 7.9Hz,
n=39), showed no evidence of Ih and were insensitive to quinpirole (10pM) and metenkephalin (10pM), pharmacologically distinguishing them from dopamine cells and
interneurons of the pars compacta. Serotonin (10pM) caused an inward current
accompanied by an increase in membrane conductance (5/5 cells). The inward cunent
or depolarization was insensitive to TTX (lpM, n=2) indicating a direct action on SNr
neurons, possibly through action at a 5-HTjc receptor (Rick & Lacey, B.J.Pharm. H2,
490P,.1994). Single shock stimulation of the descending inputs, in the presence of
CNQX (10pM) and D-APV (50pM) elicited a picrotoxin sensitive IPSC which reversed
around EC1. Serotonin (3-10pM) reduced this evoked IPSC (7/7 cells) whereas
spontaneous GABA IPSCs (sIPSCs) were enhanced (3/3 cells). Evoked and sIPSCs
were sensitive to TTX (lpM). The increase in frequency of sIPSCs may be a direct
consequence of the SNr neuron depolarization and increased GABA release from axon
collaterals, while depression of the evoked IPSC may be due to the presynaptic
modulation by 5-HT receptors found on striato-nigral terminals.

INHIBITION BY METABOTROPIC GLUTAMATE RECEPTORS OF
EXCITATORY SYNAPTIC INPUT TO RAT MIDBRAIN DOPAMINE
NEURONS IN VITRO. M.A. Wiemore and M.G. Lacey*. Dept of Pharmacology,
Univ. of Birmingham, Birmingham, B15 2TT. U.K.
Dopamine plays a critical role in the control of voluntary movement and is released
within the basal ganglia from the terminals of dopamine-containing substantia nigra
pars compacta (SNc) dopamine cells in the midbrain. One likely source of excitatory
drive to the SNc is the glutamate-containing projection from the subthalamic nucleus
(SThN). Descending synaptic input to SNc has been examined here using intracellular
microflectrodf recording from SNc neurones in 400 pm thick parasagittal slices of rat
midbrain, maintained at 33-34°C and super-fused with a standard medium. SNc
dopamine neurons were recognised by pacemaker firing of action potentials at up to
6 Hz and a large Ih current on hyper-polarization under voltage clamp.
Synaptic potentials were evoked by stimulating a region 200-500 pm rostral to the
substantia nigra using a focal bipolar stimulating electrode, while holding membrane
potential at between -70 and -80 mV with constant hyperpolarizing current (10-30 pA).
In the presence of picrotoxin (50 pM) to block GABAa receptors, the residual synaptic
potentials (EPSPs) were blocked by CNQX and APV, indicating that they were
glutamate mediated. The broad spectrum metabotropic glutamate receptor (mGIuR)
agonist 1-aImncs;yclolP^nttate-lS,3R-dlcarboxylatf (1S,3R-ACPD; 30 pM) caused a
reversible depression of 38 ± 4 % of this glutamate receptor- mediated EPSP (6/6
cells). A reversible membrane depolarisation of 3 - 10 mV was also observed. Both
the depression of the EPSP 'and the depolarization caused by ACPD was reversed by
the mGIuR antagonist a-methyM-carboxyphenylglycine (MCPG; 500 pM; 3/3 cells).
These data suggest that excitatory afferents to dopamine cells possess mGIuR
receptors that act to reduce glutamate release from the terminals.
MAW is a Wellcome Prize Student

(Supported by the Wellcome Trust)
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653.5
ELECTROPHYSIOLOGY OF ANTISENSE KNOCKOUT OF D2 AND D3
DOPAMINE RECEPTORS IN NIGROSTRIATAL DOPAMINE NEURONS.
B.-C. Sun*. Ian Creese, and J.M. Tepper. Center for Molecular & Behavioral
Neuroscience, Rutgers University, Newark, NJ 07102
We have shown that infusion into substantia nigra of a 19-mer antisense (AS)
oligodeoxynucleotide corresponding to codons 2-8 of the mRNA for the dopamine
(DA) D2 receptor for 6 days greatly attenuates apomorphine-induced inhibition of
firing of nigral DA neurons (Soc. Neurosci. Abstr. 20:908, 1994).
Very similar effects were obtained following treatment with a D3 receptor AS.
Treatment with D 2 and D 3 AS appeared to be additive, suggesting a role for both D 2
and D 3 receptors in the inhibition of firing of DA neurons in response to DA agonists. Three days of AS infusion produced effects similar to those after 6 days,
suggesting a relatively rapid rate of DA receptor turnover and transport. Only D2 AS
knockout increased spontaneous firing rates (F=5.1, df=3,96, p<0.01); Control (C):
3.4+0.3 spikes/s, D2 AS: 4.7±0.5, D3 AS: 3.3+0.3, D2+D3 AS: 2.7+0.4. Measurements
of the proportion of striatal-evoked antidromic responses consisting of the full
spike, an index of somatodendritic excitability, revealed a significant increase in
full spike responses in all groups: C: 17.9±3.6%, D2 AS: 4l.l ±7%, D3 AS: 37.3±7.l%,
D2+D3 AS: 45.0+9.1%. Terminal excitability as measured by antidromic threshold
currents was increased following AS treatment (F=2.9, df=3,60, p<0.05); C: l.7±0.3
mA, D2 AS: 1.1±0.17 mA, D 3 AS: l.0±0.2mA, D 2+D3 AS: 0.9±0.2 mA.
These data suggest that functional D 2 and D 3 autoreceptors are present at the somatodendritic and terminal regions of nigrostriatal neurons. Differences in the

effects of D2 and D 3 AS knockout on spontaneous firing suggest that D 2 receptors
may be preferentially located relatively close to the spike-generating region of the
neuron while D3 receptors may located more distally where they modulate local
dendritic excitability without affecting overall firing rate.
Supported by
MH52383, and Rutgers grants from Hoechst-Celanese, and Johnson & Johnson.
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6513.6
DIFFERENTIAL GABA RECEPTOR MEDIATED INHIBITION OF
SUBSTANTIA
NIGRA
DOPAMINERGIC
NEURONS
FROM
NEOSTRIATUM AND GLOBUS PALLIDUS C. A. Paladini*, P. Celada,
T. M. Tran, and J. M. Tepper. Center for Molecular and Behavioral Neuroscience,
Rutgers, The State University of New Jersey, Newark, NJ USA 07102
Substantia nigra (SN) pars compacta dopaminergic (DA) neurons are inhibited
by pars reticulata axon collaterals acting exclusively at GABAa receptors (Tepper
et al, J. Neurosci. 15:3092-3103, 1995). The receptors mediating the inhibition of
SN DA neurons from globus pallidus (GP) and striatum have been inferred to be
GABAg and GABAa respectively, bur this remains to be conclusively demonstrated.
Adult male Sprague-Dawley rats were anesthetized with urethane and bipolar
stimulating electrodes were implanted in the anterior-lateral striatum and GP.
Single unit responses following stimulation of striatum and GP (0.5 - 2.0 mA, 0.25
- 0.5 ms duration at 0.67 Hz) were recorded extracellularly in SN pars compacta
and the effects of systemic application of the GABAa antagonist, bicuculline, (0.2 1.0 mg/kg i.v.), on evoked responses were examined. All responses were analyzed
using peristimulus time histograms and cumulative sum histograms.
Striatal stimulation inhibited SN DA neuron firing by an average of 69.6% in
all of the neurons selected (n = 7) for bicuculline administration for a duration of
95.2 ± 29.7 ms (mean ± SEM). Stimulation of GP (n = 11) produced a 76.9% inhibition for a duration of 30.2 ±12.5 ms. The onset latencies for inhibition from
both GP (2.3 ± 0.9 ms) and striatum (11.4 ± 1.7 ms) were consistent with values previously reported for monosynaptic responses in SN evoked from these nuclei. After
administration of bicuculline, striatal-evoked inhibition was significantly
blocked or attenuated (t = 3.94, p < 0.01), but GP-evoked inhibition was not affected
(72.1% inhibition). These data suggest that monosynaptic inhibition of SN DA
neurons from striatal stimulation, but not from GP stimulation, is GABAa
receptor mediated and support the previous suggestion that GP-evoked inhibition
of SN DA neurons may be GABAb receptor mediated. Supported by MH45286 and
NS30679. P. Celada was supported through a Spanish Government Fellowship.

653.7

653.8

INWARD AND OUTWARD RECTIFICATION IN NEOSTRIATAL NEURONS DURING THE EARLY POSTNATAL PERIOD. T. Kobs, F. Trent* &
J.M. Tepper. Center for Molecular and Behavioral Neuroscience, Rutgers University,
Newark, NJ 07102.
Previously, we have shown that about 1/3 of rat striatal medium spiny neurons invivo exhibit a slowly developing outward rectification (OR) at strongly hyperpolarized membrane potentials and a fast outward rectification in the depolarizing direction during the first two postnatal weeks (Tepper and Trent, Prog. Brain Res. 99:35,
1993) with the remainder exhibiting relatively linear I-V curves. In contrast, adult
medium spiny neuron I-V curves are dominated by a fast inward rectification.
400 gm neostriatal slices from Sprague-Dawley rats (3 to 11 days of age) were cut
in a modified horizontal plane. Intracellular recordings were obtained from submerged slices at 32° C with glass micropipettes filled with 1.5 M KAc and 3-8% neu-

SUBTHALAMIC STIMULATION-INDUCED SYNAPTIC RESPONSES
IN NIGRAL DOPAMINERGIC NEURONS IN VITRO K. Moore, K. Pang &
J.M. Tepper* Center for Molecular and Behavioral Neuroscience, Rutgers, The
State University of New Jersey, Newark, NJ USA 07102
Although the efferent projections from the subthalamic nucleus (STN) contain
an excitatory amino acid, dopaminergic (DA) substantia nigra neurons in vivo usually respond to STN stimulation with an initial inhibition of firing (Smith and
Grace, Synapse 12.287, 1992). Since 90% of STN-nigral fibers terminate on nonDA neurons, activation of which inhibits DA neurons via GABAa synapses (Tepper
et a., J. Neurosci. 15:3092, 1995), we hypothesized that the STN-evoked inhibition
of DA neurons arises through activation of pars reticulata axon collaterals.
Parasagittal 400 gm slices containing STN and substantia nigra were prepared
from adult male Sprague-Dawley rats. Intracellular recordings were obtained
from submerged slices at 32° C with glass micropipettes filled with 1.5 M KAc
and 3% biocytin possessing 60-100 MO resistance.
Stimulation of STN produced depolarizing responses
in electrophysiologically identified nigral DA neurons
(n=5, max. amplitude=6.3;±l .6 mV at rest; Em = - “
69.2±6.7mV, onset latency=2.9±0.3ms, duration= 26.9 3

robiotin possessing 60-100 MO resistance.
Hyperpolarizing current pulses (150-300 ms) revealed a modest OR that became
very pronounced at membrane potentials negative to -110 mV, resulting in a hyperpolarizing ramp. After application of 2 mM Cs+ the activation range for the ramp potential and the OR shifted in the positive direction and could be initiated at potentials more negative than -80 mV. 10 mM TEA or 300 gM Ba+ (with or without Cs+)
blocked the ramp potential and the OR and linearized the neuron’s response to hyperpolarizing current pulses. These drugs also increased the input resistance approximately to the value measured at the end of the most hyperpolarized potentials in the
absence of any channel blockers (200-250 MO). In some neurons 2-10 mM TEA revealed a Cs+ sensitive time dependent inward rectification. The outward rectification in the depolarizing direction could be blocked by 3 mM, but not 300 gM Ba+.
These data suggest that the hyperpolarizing ramp is due to the slow deactivation
of a TEA and Ba+-sensitive potassium conductance. We suggest that the time course of
opening of the Cs+-sensitive inward rectifier channel and the closing of the TEA/Ba+sensitive outward rectifier are similar and their sum remains constant over time and
linearizes the neuron in the negative voltage range close to rest. Supported by
NS3O679.

±3.2ms). These responses appeared to be depolarizing gsynaptic responses since they increased with membrane hyperpolarization and decreased with membrane depolar- g
ization (see Figure). However, the response had an unusu120
-80
-40
C
ally negative reversal potential of -35 to -40 mV. Bath apMembrane Potential (mV)
plication of the GABAA antagonist, bicuculline (50 gM),
shifted the reversal potential to -5 to -10 mV.
We suggest that STN stimulation produces a near simultaneous EPSP and IPSP
in DA neurons. The EPSP appears to be monosynaptic, from STN, and the IPSP
disynaptic, mediated through GABAa receptors activated by the axon collaterals of
pars reticulata GABAergic neurons. Supported by MH-45286 and NS30679.
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STIMULATION OF STRIATAL D1
AND
D2
RECEPTORS IS
NECESSARY BUT NOT SUFFICIENT FOR SYNERGISTIC EFFECTS OF
SYSTEMICALLY
ADMINISTERED
DOPAMINE
AGONISTS
ON
SUBSTANTIA NIGRA PARS RETICULATA NEURONS. M. J, Twery*, D.
A. Bergstrom and J. R. Walters. ETB, NINDS, Bethesda, MD 20892.
Concurrent intravenous (i.v.) administration of the dopamine Di
agonist SKF 38393 and the D2/D3 agonist quinpirole inhibits the
activity of substantia nigra pars reticulata (SNpr) neurons in rats with
6-hydroxydopamine (6OHDA)-induced lesions of midbrain dopamine
cells. In order to investigate the role of striatal D1 and D2 receptors,
agonists were administered locally in striatum while the activity of

SIMULATION OF THE INTRINSIC MEMBRANE PROPERTIES OF
GUINEA-PIG AND RAT MIDBRAIN DOPAMINE NEURONE.
W.H.Yung. (SPON: The Hong Kong Society of Neurosciences).
Department of Physiology, Faculty of Medicine, The Chinese University
of Hong Kong, Shatin, Hong Kong
A biophysical model capable of exhibiting some of the characteristic
properties of midbrain dopamine neurones of the guinea-pig and rat is
described and simulated in the computer. The active membrane properties
are reconstructed by simulating the following ionic conductances: a fast
sodium
conductance,
a
delayed
potassium
conductance,
a
hyperpolarisation-activated potassium conductance, a fast transient
outward potassium conductance, a low threshold calcium conductance, a
high threshold calcium conductance and a slow calcium-activated
potassium conductance (gKCa).
The kinetic parameters of these ionic channels were obtained from
voltage-clamp data of both dopamine and non-dopamine neurones. The
model is capable of exhibiting the following characteristics of dopamine
cells: slow pace-maker firing, a prominent slow after-hyperpolarisation
(AHP) and a strong inward rectification.
A critical component of the model is the modelling of the slow AHP by
combining a simple first-order calcium buffering model and a three-state
kinetic model of the gKCa. Calcium influx through the high-threshold

individual SNpr neurons was recorded extracellularly in gallamineparalyzed rats with 6OHDA lesions. Striatal infusion (0.5 pl/10 min)
of either SKF 38393 (17 nmols, n=14), quinpirole (19 nmols, n=9), or
the combination of both agonists (n=6) produced no change in SNpr
firing rate. However, striatal infusion of quinpirole and i.v. SKF 38393
(3.4 mg/kg) decreased SNpr neuronal activity to 49 ±19% (n=10) of

baseline. The i.v. SKF 38393 alone produced no change in firing rate.
Striatal infusion of the D1 antagonist SCH 23390 (6 nmols) blocked
the inhibitory response to concurrent i.v. administration of SKF 38393
and quinpirole (0.3 mg/kg) in 7 of 15 neurons. These results indicate
a requirement for concurrent stimulation of striatal D1 and D2 receptors in the mechanism underlying synergistic inhibitory effects of i.v.
dopamine agonists on SNpr neuronal activity. However, local stimulation of striatal dopamine receptors did not inhibit SNpr neurons. The
findings suggest that the inhibitory mechanism can be activated if
additional D1 sites are stimulated as was evident with i.v. SKF 38393.
Systemically administered dopamine agonists acting principally at D1
and D2 receptors in striatum and D1 receptors at other sites could
decrease SNpr neuronal activity either through convergent pathways
or through multiple sites associated with a single pathway.
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calcium channel activates the gKCa. The time course of the AHP is
determined by the kinetics of the gKCa rather than the intracellular
calcium concentration.
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653.11
HISTAMINE H3-RECEPTOR ACTIVATION INHIBITS K+-EVOKED GABA
RELEASE IN RAT SUBSTANTIA NIGRA PARS RETICULATA SLICES.

JA Arias-Montano1*, M, Garcia1 J, Aceves1 B Floran1, and J.M. Young2,
1Departamento de Neuroc'enc'as, CINVESTAV-IPN., M6x'co, D.F., M6x'co
and 2Department of Pharmacology, University of Cambridge, England.
The substantia n'gra pars reticulata (SNr) plays an important role 'n the
regulation of basal gangl'a motor functions. The spontaneous activity of SNr
neurones 's controlled by striatal GABAergic projections and by dopam'ne
(DA) released from dendrites of neurones located in the substantia n'gra
pars compacta (SNc). There 's ev'dence that h'stam'ne 's also 'nvolved in
the control of locomotor activity and high levels of H3-receptors have been
found 'n SNr (Pollard et a/., Neurosc'ence, 52:169-189, 1993). Therefore
we set out to study whether ^-receptor act'vat'on modulates GABA or
dopamine release 'n SNr. Coronal sl'ces (300 pm thick) from SNr were
labelled in Krebs-Hensele't (K-H) buffer with either [ 3H]-GABA (glial
uptake prevented by 10 pM p-alanine) or [ 3H]-DA. After washing out the
excess of radioactivity, slices (6-8 per chamber) were perfused with KH
buffer (1 ml min'1) and perfusates (collected every 4 min) were analysed by

liquid scintillation spectrometry. High K+ (15 mM)-induced depolarisation
resulted in increased [3H]-GABA efflux (2.8 ± 0.2 fold of basal release)
and [3H]-DA efflux (1.83 ± 0.08 fold of basal), as estimated at the peak of
tritium release. The selective H3 agonist immep'p (1 pM) decreased (by 53
± 8%) K+-evoked [3H]-GABA release. This effect was fully reverted by
th'operam'de (1 pM), a selective H3 antagonist. Depolarisation-induced
[3H]-DA release was slightly reduced by immep'p, but the inhibition failed
to yield statistical significance. These results suggest that histamine may
regulate SNr function by inhibiting GABA release via H3-receptors mainly
located on str'aton'gral terminals.
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654.1

654.2

ALTERED MYOSIN mRNA AND PROTEIN CONTENT IN RAT SOLEUS AND
TIBIALIS ANTERIOR MUSCLE FOLLOWING FOREIGN REINNERVATION.
K.A. Huey and S.C. Bodine-Fowler*. Dept Orthopaedics and Biomedical
Sciences Group, UCSD and VA Medical Center, San Diego, CA 92161-6002.
Reinnervation by a foreign motoneuron may strongly influence myosin
heavy chain (MHC) expression. MHC content may be controlled by both gene
transcription and translation, thus MHC mRNA and protein were examined in
the tibialis anterior (TA) and soleus (Sol) following denervation and
reinnervation. The sciatic nerve of adult rats was transected and repaired by
either epineurial sutures or a silicone tube (10/group). Following 8 or 32 wks
of recovery, the muscles were excised, weighed, and frozen. MHC protein
content was quantified by SDS-PAGE and mRNA levels with the RNase
Protection Assay which allows comparison of relative levels of the 4 adult
MHCs within the same sample. Control Sol contains predominately type I
MHC, however, 8 wks following nerve injury, there were increases in lla and llx
MHC mRNAs without corresponding increases in the proteins. However, by
32 wks, increases in both fast MHC mRNA and protein, especially llx, were
found with concomitant decreases in slow MHC. The relative amounts (% of
total) of llx MHC mRNA and protein increased from -5% in control Sol to ~45%
at 32 wks with tube repair. Similarly, 32 wks after tube repair in the TA, llx MHC
mRNA and protein increased primarily at the expense, of lib MHC. In control
TA, lib mRNA content was ~77% while 32 wks following tube repair, lib mRNA
ranged from 4 to 16%. These findings emphasize the role that motoneurons
play in regulating MHC expression. The timing of these changes indicates that
isoform switching can be detected at the mRNA level considerably before
detection of the new protein. This work was supported by the Research
Service of the VA.

MHC PROTEIN AND mRNA EXPRESSION IN RAT SOLEUS MOTOR UNITS
AFTER SCIATIC NERVE INJURY. D.M. Pierotti*, and S.C. Bodine-Fowler.
Dept. of Orthopaedics, UCSD and VA Medical Center, San Diego, California
92161-6002.
Although the nerve has been shown to affect the myosin heavy chain (MHC)
isoform expressed in a muscle, little is known about the expression of the MHC
mRNA transcripts. We chose to examine the influence of the nerve by
studying MHC protein and mRNA expression in motor units of the rat soleus
(Sol). Sciatic nerves of adult female rats were transected followed by
epineurial suture repair. After a period of 16 weeks, motor units from the Sol
were functionally isolated, physiologically tested, and glycogen depleted.
Motor unit fibers were identified in serial cross-sections that had been labeled
with MHC antibodies and mRNA probes. Previously, we demonstrated that
only 10% of the neurons reinnervating the Sol were from the original motor
pool and that the Sol was reinnervated by twice as many motoneurons
(Bodine-Fowler et al., Neurosc'. Abstr. 20: 256, 1994). Whole muscle tetanic
force was reduced from normal, as was the average fiber size. Motor units
(n=6: 2 slow, 2 lla, and 2 llx) ranged in force production from ~15 to 180 mN, in
contrast to the 28 to 100mN range 'n control motor units. Contraction time
ranged from 12 to 30 msec, as opposed to 25 to 88 msec in control motor
units. Only 3 of the 6 motor units were fatigue resistant. Type 2x MHC,
normally not found 'n rat Sol, was abundant in all muscles tested. The fibers in
each of the motor units were composed of one type of MHC. Interestingly,
each of the visualized units expressed only one mRNA transcript, though a
large number of non-motor unit fibers contained two or more transcripts.
These results indicate that after nerve injury motor unit fibers have acquired a
similar degree of homogeneity with respect to protein and mRNA expression.
This work was supported by the Research Service of the VA.

654.3

654.4

MYOSIN HEAVY CHAIN COMPOSITION OF SOLEUS MUSCLES IN
SPINAL CORD INJURED AND CONTROL HUMANS. R.J. Talmadge. S.
Harkema. K. Day. D. Lowry. B. Dobkin. and V.R. Edgerton*. Departments of
Physiological Science and Neurology. UCLA. Los Angeles. CA 90024.
Several studies have demonsuated in humans that following a spinal cord
injury (SCI) the muscles innervated by motoneurons below the level of the
lesion become composed almost entirely of type II fibers. as assayed by
myofibrillar ATPase histochemistry. It is now known that each of the three
fiber types (types I. IIA. and IIB). as defined by the pH sensitivity of the
myofibrillar ATPase histochemical stain in normal muscle. corresponds to a
specific myosin heavy chain (MHC) isoform (types I. Ha. and lib.
respectively). However. there have been no previous studies documenting the
effects of SCI on MHC composition in humans. We have determined the
MHC composition of the soleus muscle in 4 spinal cord injured (from 1 to 3
years post injury) and 4 adult control subjects by using a high resolution SDSPAGE technique that allows for the quantitative determination of types I. IIa.
and lib MHCs. The proportion of the MHC isoforms in the soleus of control
subjects was 68% type I. 25% type IIa. and 7% type IIb MHCs. In contrast.
the SCI subjects contained 55% type I. 25% type IIa. and 20% type IIb MHCs.
The decrease in type I and the increase in type IIb MHCs after SCI were
statistically significant (p < 0.05). These data are consistent with a shift from
the slower (type I) to the faster (type IIb) MHC isoform. but these changes are
not as dramatic as those previously reported for the ATPase based fiber type
analysis. These data suggest that the myofibrillar ATPase reaction may
overestimate the amount of fast myosin in SCI humans. Supported by NIH
Grant NS 16333.

RHABDOMYOSARCOMMA CELLS TRANSFECTED WITH CONNEXIN-43
SHOW AN INCREASE IN MYOGENIC DIFFERENTIATION. A. Proulx1. Y.C.
Zhang1, Z-X Lin2. J,F, Bechberger1, P,A , Mfemfisld1, .add C-C-C.-Nasts1*‘Department of Anatomy. Univ. of Western Ontario. London. Canada. 2Beijing
Institute for Cancer Research. Beijing. China.
Gap junctional communication (GJC) has been implicated in many cell
physiological processes. Although absent in mature skeletal muscle. studies have
shown gap junctions to be present during early stages of myogenesis. indicating their
possible role in myogenic processes.
Previous reports have shown that
communication deficient tumorigenic cells transfected with a gap junction protein
gene exhibit an increase in cell differentiation and a decrease in cell proliferation.
Rhabdomyosarcomma is a highly malignant tumor of embryonic origin. In our
present study. human rhabdomyosarcomma cells were transfected with the cDNA
encoding the gap junction protein connexin-43 (Cx43). and clones of varying
expression were isolated. Dye-coupling attributable to GJC was proportional to the
level of connexin expressed. Furthermore. expression of Cx43 also correlated with
increased cell fusion and myosin expression. These results lend further evidence to
the possible role of gap junctions during developmental processes such as
myogenesis and cell differentiation.
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This work has been supported by the Muscular Dystrophy Association of Canada.
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654.5

654.6

EXPRESSION OF BASIC FIBROBLAST GROWTH FACTOR
AND ITS RECEPTORS IN THE HUMAN FETAL MUSCLE.
L.Balaci. M.Presta, V.Soqos, M.G.Ennas, P. Dell'Era and
F.Gremo . Sch. of Med., Cagliari, Brescia (Italy)
Basic fibroblast growth factor (bFGF) has been shown to
stimulate proliferation and to depress differentiation of
myogenic cells. Moreover, it has been proposed to stimulate
rigeneration of dystrophic muscle. In order to elucidate its role
in the development of the human muscle, we investigated its
expression as well as the expression of the four types of FGF
receptors (FGF- Rs). In brief, muscles have been dissected out
from 10-18 week old human embryos and tissues processed
for Northern and Western blot analyses. Results demontrated
a progressive decrease in bFGF and FGF-Rs content in
correlation with age. Immunocytochemical staining of human
fetal muscles apparently showed an association between FGFRs and satellite cells, further suggesting that bFGF might play
a key role in the development ofhuman muscle.

TISSUE-ASSOCIATED COUNTERPARTS OF
a-2-MACROGLOBULIN
AND INTER-a-TRYPSIN INHIBITOR IN MOUSE SKELETAL MUSCLE.

(Supported by Telethon-italy to F.G.).

De Renzis,G*\.Businaro R.. Nori S.. Toesca A.. De Santis E„ Evangelisti E„
Fumaqalli L.. Institute of Anatomy, Catholic University, 00168 Rome, Italy.

Proteinase inhibitors normally regulate proteolysis in numerous tissues and
cells. However relatively few data are available in literature about protease
inhibitors in normal and diseased muscle. The present experiments deal with

the immunohistochemical and immunochemical detection of
a-2macroglobulin (a2M) and inter-<x—trypsin inhibitor (ITI), two major protease
inhibitors in mouse skeletal muscle. Immunoperoxidase histochemistry (ABC
method) was done on cryostat sections fixed with a mixture of 4%
paraformaldheyde plus 0.5 monomeric glutaraldheyde. In all muscles
examined (mm. soleus, plantaris and extensor digitorum longus) a2M-related
immunoreactivity occurred widespreadly in extracellular structures (periendomysium, blood vessel wall) as well as inside about a half of the muscle
fibers. This localization pattern did not change following extensive in vivo
perfusion (with PBS) of deeply anesthetized mice to remove serum
contamination. Western blotting experiments were negative on homogenates
of perfused muscles (soluble fraction), but three specific bands (180,165,35
KDa) resulted in detergent-solubilized extracts (0.3% Triton X-100). These
results indicate that i) our perfusion procedure was effective in removing
serum (soluble) a2M from muscle, and ii) skeletal muscle contains tissueassociated a2M. In contrast to the above results, ITI localization was
restricted to the extracellular matrix both in normal and perfused muscle, with
two typical bands of 220 and 180 KDa detected by immunoblotting

experiments. The present results suggest that in skeletal muscle some
proteinase inhibitors may have a tissue-associated counterpart with different
localization and physiological roles.

654.7

IMMUNOSTAINING OF ISOLATED ADULT RAT SKELETAL
MUSCLE FIBERS WITH ANTI-NA PUMP ANTIBODIES. S.
Corey Specht* and M. Santiago-Sanchez. Dept.
Pharmacology and Inst. Neurobiology., Univ. PR
Sch. Med, San Juan, PR 00936.
The organization of Na pump molecules on the
surface of adult skeletal muscle was examined in
fibers of the rat digitorum brevis muscle.
Individual fibers were isolated with dispase and
collagenase at 37°C for 2 h, relaxed in 30 mM KCL
followed
by
2M
formamide,
fixed
in
2%
paraformaldehyde, and finally immobilized on
poly-l-lysine-coated slides under microscopic
observation.Tetramethylrhodamine-a-bungarotoxin
was used to
identify the motor endplate.
Myonuclei were identified with Hoechst 33258. Na
pump al and a2 subunits were tagged with
monoclonal antibodies developed by K. Sweadner
(Mass. General Hospital), and goat-anti mouse
IgG conjugated with rhodamine. Both isoforms of
the Na pump were present diffusely on the
surface, but absent from large circular areas
directly
over
the
bulging
sub-sarcolemmal
nuclei. When expression was up-regulated by
administration of high doses of insulin, Na pump
was also seen in fine lines with occasional
clumping. [NIGMS grant SS RR 08224]

654.8
ION-DEPENDENT ALTERATIONS IN METABOLIC GENE
EXPRESSION IN SKELETAL MUSCLE: S.A. Vali, P. C. Tennant.
R. C. Carlsen. R. C. Tait. F. A. Gorin*. Dept, of Neurology, Univ. of
California, Davis, CA 95616.
It is well established that metabolic properties of the skeletal muscle
fibers are modulated by neurally imposed patterns of contractile
activity. Previously we have demonstrated that either denervation,
inhibition of neural impulses or blockade of neuromuscular
transmission reduce, steady state mRNA transcript levels of muscle
glycogen phosphorylase (mgp) to 40-60% of controls. These in vivo
manipulations are associated with increased sarcolemmal permeability
to sodium and resulting depolarization. Recently, we have utilized a
spontaneously contracting skeletal muscle cell line as an in vitro model
to examine the cellular mechanisms that modulate mgp levels with
inhibition of neuromuscular activity. Myotubes were depolarized by
manipulating sodium permeability or potassium gradients.
Depolarization altered mgp steady state transcript levels as observed in
vivo. Calcium influx has been shown to regulate the mRNA levels of
the subunits of AChR in myotube cultures. But in our system,
increasing calcium influx with ionomycin did not alter mgp steady state
RNA levels in contrast to a AChR. From this data, it is likely that
neural activity regulates mgp by different mechanisms than observed
for AChR subunit genes in skeletal muscle.
(Funded in part by grants from the Veterans Administration and the
National Institutes of Health.)

654.9

654.10

EQUATORIAL MORPHOLOGY OF SLOW AND FAST INTRAFUSAL FIBERS IN
CHICKEN LEG ' MUSCLE SPINDLES. Alfred Maier*Pepartment of Cell Biology,

MORPHOLOGICAL
ADAPTATIONS
OF
DIAPHRAGM
NEUROMUSCULAR JUNCTION TO PROLONGED INACTIVITY.

University of Alabama at Birmingham, Birmingham, AL 35294.
Equatorial regions of chicken leg muscle spindles were examined to review the
notion that at mideguator their intrafusal fibers present a uniform structure,
regardless of fiber type. Based on myosin heavy chain composition, intrafusal
fibers were either classified as slow (S and M fibers) or fast (U fibers) (Maier and
Zak, Am. J. Anat., 187:338-346. 1990). Staining for a-bungarotoxin was
exceedingly rare at the equator; indicating that neither fiber type received a
significant motor innervation at the sensory region.
Immunostaining for
acetylcholinesterase , on the other hand, was present as a continuous or
occasionally interrupted layer throughout the equator in either fiber group, but

only on the non-synaptic side, away from myosensory junctions.
Sensory
terminals making contact with fast U fibers were frequently claw-shaped, while

those connecting to the slow M and S fibers were typically less curved. The
perifibral sheath was shortest in M fibers, and on average, there were fewer
myosensory contacts on slow than on fast fibers. In sections which were
immunostained for filamentous actin by the phalloidin toxin reaction, at the point
where the perifibral sheath was most prominent, actin was restricted to a narrow
crescent on the synaptic side. This paucity of actin extended along the equator
for a greater distance in slow than in fast fibers, despite a more extensive
distribution of slow MHC. As seen in cross sections, slow MHC was
concentrated on the periphery of fibers. There are then at the equator of chicken
intrafusal muscle fibers some fiber type-specific structural elements, but they are
much less pronounced than in mammalian spindles. Physiological experiments
are required to determine if these morphological differences relate to unique
mechanical properties which can induce distinct and separate components into

the afferent discharge.
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W.Z. Zhan* Y.S. Prakash, H. Miyata and G.C. Sieck.

Depts. of
Anesthesiology, and Physiology & Biophysics. Mayo Foundation, Rochester,
MN 55905.
Previous models of muscle disuse vary in the extent of nerve versus
muscle inactivation, making it difficult to assess inactivity-induced adaptations
of the neuromuscular junction (NMJ). We induced inactivation of both phrenic
motoneurons and diaphragm muscle in the rat via spinal isolation (SI) at the C2
level. We then combined a three-color fluorescent immunocytochemical
technique with 3D confocal microscopy to simultaneously visualize nerve
terminals, motor endplates and muscle fiber type in SI diaphragm fibers.
Compared to controls, both nerve terminal and endplate planar (2D) and surface
(3D) areas were increased on type II fibers, but not on type I fibers. The extent
of overlap of pre- and postsynaptic elements of the NMJ increased on type II
fibers. Terminal and endplate branch lengths on type II fibers also increased.
Endplate gutter depth was unchenged. These results suggest that NMJ
inactivation at both pre- and postsynaptie levels leads to a phenotype-dependent
expansion of the NMJ on type II fibers, perhaps in an effort to improve
neuromuscular transmission. Supported by NIH grants HL34817 and
HL37680.
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645.12

EFFECT OF AGING ON DIAPHRAGM NEUROMUSCULAR
JUNCTION MORPHOLOGY. L.E. Gosselin. Y.S. Prakash. D.B.
Masters*, and G.C. Sieck. Depts. of Anesthesiology, and Physiology &
Biophysics. Mayo Foundation, Rochester, MN 55905.
Previous studies reported fiber-type differences in morphological
adaptations of neuromuscular junctions (NMJs) to aging by comparing
limb muscles consisting of predominantly type I or II fibers. Differences in
age-related change in activity ofthese muscles may be a confounding factor
in these studies. In the present study, we assessed age-related changes of
the NMJ in type I and II fibers of the rat diaphragm muscle which
maintains consistent inspiratory-related activation throughout life.
In 6- and 24-month old rats, nerve terminals were labelled with an antibody
to protein gene product 9.5, and motor endplates were labelled with abungarotoxin. Fiber type was identified using an anti-fast myosin antibody.
Labelled NMJs were imaged in 3D using confocal microscopy. When
corrected for fiber diameter, only type n fiber NMJs showed significant
changes with aging. Nerve terminal and endplate planar (2D) and surface
(3D) areas expanded, and the number of nerve terminal and endplate
branches increased. In older animals, the number of axon collaterals also
increased. These morphological adaptations may relate to changes in
neuromuscular transmission with aging. Supported by NIH grants
HL34817 and HL37680.

CHARACTERIZATION OF A PROGRESSIVE MUSCLE
DEGENERATION MUTATION IN DROSOPHILA. B.Clendening*.
T. Tubon. J. E. Allen and G. L. Harris. Department of Biology, San
Diego State University, San Diego, CA 92182.
We are using an enhancer trap analysis to identify and characterize
mutations in Drosophila which disrupt the function of the indirec.t
flight muscles (IFMs) of adult flies. One enhancer trap line has been
used to generate a single complementation group of recessive
mutations on the second chromosome which cause a progressive
degeneration of the IFMs. Upon eclosion, flies homozygous for the
mutation, have a normal appearance and exhibit normal walking,
jumping and flying behavior. Soon after eclosion, the mutant flies
become progressively impaired in their flight ability such that by four
weeks most mutant flies are unable to sustain normal flight. The
ultrastructure of the IFM fibers becomes progressively disrupted over
the same time period. Severe fraying of the myofibrillar lattice and
extensive vacuolization within the sarcoplasm are observed. Other
skeletal muscles of the thorax, such as the jump muscle, appear
unaffected by the mutations. There is no apparent loss of any major
muscle protein band on a single dimensional gel analysis of the mutant
flies. In addition to the muscular degeneration, the lifespan of the
mutant flies is decreased by several weeks compared to control flies.
We have undertaken a molecular analysis in order to isolate the
gene(s) which underlie the mutant phenotype. Overlapping genomic
and one class of cDNA clones have been isolated which identify
transcripts of 1.1 and 2.1 kb on Northern blots of poly A+ RNA from
wild type flies. (Supported by a fellowship to B.C. and a Grant-In-Aid
to G.H. from the American Heart Association, California Affiliate).

645.13

645.14

INTERCELLULAR COMMUNICATION MONITORED BY PROPAGATION OF
CALCIUM WAVES IN CULTURED COLONIC SMOOTH MUSCLE CELLS.
S.H. Young*, H.S. Ennes, and E. Maver. CURE: VA/UCLA Gastroenteric Biology
Center, Neuroenteric Biology Group; Depts. of Physiology and Medicine,
UCLA and West Los Angeles VA Med Ctr., Los Angeles, CA 90073.
Single muscle cells respond to a light mechanical stimulus with a local increase in
intracellular calcium which can propagate throughout the cell and into several
adjacent cells. Smooth muscle cells were isolated from the circular and longitudinal
layers of the rabbit distal colon, and placed into culture. Stimulus was delivered by a
fire polished glass pipette (2-4 pm diameter) connected to an electronically
controlled micropositoner (Eppendorf) used to displace the plasma membrane
(2pm depression, 0.5 sec duration). The calcium increase starts local to the
stimulation point, but if the response exceeds 100 nM above resting levels, the
increase will propagate as a wave throughout the cell (intracellular velocity
13.2 pm/sec). Recovery rates to resting levels are highly variable, showing both
single double time constants in the range t = 7-300 sec. When multiple cells are in
contact, the wave continues to propagate into as many as 5 adjacent cells
(intracellular velocity 17 pm/sec) without large degradation in amplitude. The
propagation is likely the result of diffusion of a “message” substance which releases
calcium from intracellular stores, and not calcium itself: The wave can propagate
through cells which do not respond, and into adjacent cells which do exhibit an
increase in calcium. Propagation occurs in zero calcium external solution
(21 pm/sec). After treatment with thapsigargin (2pM), a Ca2+-ATPase inhibitor
which should deplete intracellular calcium stores, the stimulated cell responds, but
intercellular propagation is blocked. Treatment with U-73122, an inhibitor of
phospholipase C dependent processes, including production of IP3, prevents
intracellular propagation, indicating that IP3 may be the messenger molecule.

NITRIC OXIDE SIGNALING AT THE NEUROMUSCULAR
JUNCTION. D.S. Chao. J.E. Brenman. G.L. Yount*, and
D.S. Bredt. Dept. of Physiology, UCSF, San Francisco, CA
94143.
Nitric oxide (NO) is synthesized in skeletal muscle by neuronal
NO synthase (nNOS), which is localized beneath the sacrolemma
of fast twitch muscle fibers. We now show by
immunohistochemistry that nNOS is enriched at the mammalian
neuromuscular junction (NMJ). NOS is tethered to the NMJ by a
glycoprotein complex formed around dystrophin, the gene
mutated in Duchenne muscular dystrophy, and utrophin, an
autosomal homolog of dystrophin localized specifically at NMJs
in skeletal muscle. We also find that a downstream effector of
NO, cGMP-dependent-protein kinase Ia (cGKIa), is localized
exclusively at the NMJ in rat skeletal muscle. Both nNOS and
cGKIa staining persists two weeks after denervation
demonstrating that both are localized in the muscle and not the
nerve terminal. nNOS staining at the NMJ is reduced in mdx
mice and absent in nNOS knockout mice while cGKIa staining
persists in both of these animal models. While nNOS has
previously been found only on sarcolemma of fast twitch muscle
fibers, we find nNOS staining at the NMJ in both fast and slow
twitch fibers. These data suggest roles for NO and cGMP as
modulators of transmission at the NMJ.

Supported by NIH Grant DK40919-05

LIMBIC SYSTEM AND HYPOTHALAMUS:
655.1

655.2

IONIC MECHANISMS OF METABOTROPIC GLUTAMATE
RECEPTOR ACTIVATION IN MAGNOCELLULAR NEURONS OF
THE HYPOTHALAMIC SUPRAOPTIC NUCLEUS. L.A. Schrader* and
J.G. Tasker. Neuroscience Program and Dept. of Cell and Molecular Biology,
Tulane University, New Orleans, LA 70118.
Activation of metabotropic glutamate receptors in magnocellular neurons of the
hypothalamic supraoptic nucleus (SON) results in a depolarization and a decrease
in membrane conductance (Schrader and Tasker, Soc. Neurosci. Abstr. 20: 347,
1994). We have investigated the ionic mechanisms of these effects with wholecell recordings in coronal slices (400 pm) of . rat ' hypothalamus using the
metabotropic glutamate receptor agonist trans-(+)-1 -amino-1,3-cyclopentanedicarboxylic acid (trans-ACPD) and selective ion channel blockers. Bath
application of the Na+-channel blocker tetrodotoxin (1-3pM) had no effect on the
inward current or on the decrease in conductance evoked by trans-ACPD.
However, when K+ channels were blocked by replacing. K+ in the patch pipette

with an equimolar concentration of Cs+ and by including tetraethylammonium
(10-20 mM) in the bath perfusion the decrease in conductance was attenuated or
blocked completely. In some cases, when K+ channels were blocked, transACPD caused an increase in membrane conductance, which was attenuated by
adding the Ca2* channel blocker Cd*" (200-250 pM) to the bath. These results
indicate that metabotropic-receptor activation causes a decrease in membrane
conductance and an inward current in SON magnocellular neurons by closing K+
channels and by activation of a separate cationic current which has a Ca2*
component. This worit is supported in part by NIH NS31187.

Society

AMYGDALA AND HYPOTHALAMUS

for

Neuroscience

, Volume 21, 1995

RESPONSES OF MEDIAL AMYGDALA (MeA) NEURONS TO
ELECTRICAL STIMULATION OF THE SUPRAOPTIC
NUCLEUS (SON) AND LATERAL OLFACTORY TRACT
(LOT). O.Z. Yang* and G.L Hatton. Dept. of Neuroscience, Univ. of
California, Riverside, CA 92521
Previous extracellular recording studies have suggested the existence of connections (perhaps reciprocal) between the MeA and the SON including its perinuclear
zone (PNZ). Our intracellular recording experiments investigated this potential
local circuit involving the MeA, the SON and the PNZ. Also studied was the nature
of the input from the olfactory bulbs to MeA neurons, connections for which there
is long-standing anatomical evidence. In horizontally cut slices that preserve the
ventral amygdao-hypothalamic pathway, electrical stimulation of the SON/PNZ
produced short latency EPSPs or IPSPs in MeA neurons. Five MeA neurons were
also antidromically activated by SON/PNZ stimulation, suggesting reciprocal
connections between the two regions. Three MeA neurons were synaptically
excited by both SON/PNZ and LOT stimulation, indicating convergent inputs. In
three MeA neurons, stimulation of the SON elicited EPSPs that were blocked by
the oxytocin antagonist, [d^H^TyrCMe^Om^-vasotocin, consistent with recent
findings of oxytocin receptors in the MeA. LOT Stimulation consistently evoked
EPSPs in MeA neurons. These ESPSs were blocked by the non-NMDA receptor
antagonist, CNQX (5 pM). In five MeA neurons displaying IPSPs in response to
SON/PNZ stimulation, these synaptic responses were abolished by the GABAa
receptor blocker, bicuculline. These results suggest that MeA neurons receive
inputs from and project to the SON and its PNZ, and that some of these inputs from
the SON are oxytocinergic, probably arising from SON axon collaterals. Also
MeA, like SON, neurons receive excitatory input form the olfactory system via the
LOT. Supported by NINDS grant NS 16942.
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655.3

655.4

ACTIVATION OF HISTAMINERGIC INPUTS TO
PHASICALLY FIRING SUPRAOPTIC NUCLEUS (SON)
NEURONS INCREASES DYE COUPLING: EFFECTS OF H1ANTAGONISTS AND cGMP. G.I. Hatton* and Q.Z. Yang Dept. of
Neuroscience, Univ. of California, Riverside, CA 92521

CHARACTERIZATIONS OF BURST FIRING PATTERNS IN RAT
SUPRAOPTIC NEURONS PERIFUSED WITH CALCIUM-FREE MEDIUM.
Z. Li* and G.I. Hatton. Dept. ofNeuroscience, University of California, Riverside, CA
92521.
The present experiments were to investigate ionic mechanisms underlying burst
activities of hypothalamic supraoptic (SON) neurons during perifusion of Ca2+-free
medium. Whole-cell recordings were obtained from SON neurons in horizontal brain
slices from adult rats. Using electrodes filled with K gluconate solution containing
no Ca2+ buffers or Ca2+, either phasic or regular firing patterns were seen in SON
cells. Following perifusion of a medium containing 0 Ca2+ with or without 2 mM
EGTA, all 33 SON cells recorded displayed bursting activity. Such bursting was
characterized by fast, periodic changes in membrane potential with superimposed
spike activity. Membrane potential fluctuations were as much as 20 mV when resting
membrane potentials were -70 to -55 mV. Further hyperpolarization (more negative
than -70) inhibited burst firing. SON cells displaying phasic firing and depolarizing
afterpotentials following spikes in Ca2+-containing medium had more prominent burst
activities in Ca2+-free medium. Bath application of TTX (1-2 pM, n=6) or
replacement of 83% Na+ in perifusion medium with Li+ (n=5) cancelled or reduced
membrane potential fluctuations. Abolition of burst by perifusion with Na+-Ca2+
exchanger inhibitors, Ni2+ (5 mM, n=7) and Mg2+ (10 mM, n=6) was accompanied
by a decrease in membrane input resistance. Following intracelluar diffusion of 11
mM BAPTA, bursting patterns were abolished or greatly reduced (n=10). Intracellular
or extracellular application of ryanodine receptor blockers, ryanodine (20 pM, 8/8
cells) or ruthenium red (20-40 pM, 4/7 cells) prevented or reduced such activities.
These experiments suggest that both enhanced Na+ influx and Ca2+ release from
internal stores are involved in formation of bursting patterns in Ca2+-free perifusion
medium and provide further evidence for functional roles of releasable Ca2+ from
internal stores in SON neurons. Supported by NINDS grant NS 16942.

Activation of direct olfactory inputs (glutamatergic) to the SON has been shown to
increase the incidence of intemeuronal coupling in slices from lactating, but not
virgin or male rats. Here we studied the influence on coupling of activating another
monosynaptic input to the SON, the histaminergic tuberomammillary nucleus (TM)
projection, which is maintained intact in our horizontally cut slices. Stimulation of
the TM selectively excites phasically firing (vasopressin) cells, an effect which is
blocked by H1-antagonists. In this study, we investigated the effects of TM
stimulation and its possible downstream second messenger consequences on Lucifer
Yellow (LY) dye coupling among phasically firing cells in male rat SONs. In
unstimulated slices, LY injections into 27 cells (1 cell/SON) yielded 18 single and 18
coupled neurons. In slices in which TM was stimulated for 10 min at 10 Hz, 13
injections yielded 4 single and 28 coupled cells, a 185% increase in number of dye
filled cells/injection (p< .02). LY injections into 19 cells in unstimulated and 21
injections in stimulated slices, both bathed in medium containing 10 pM pyrilamine
(H1-antagonist), yielded similar numbers of coupled neurons. That this coupling
effect was blocked by an H1-antagonist suggested that it might be mediated by
guanylate cyclase-cGMP to which H1 receptors are often linked. In a parallel study,
slices were bathed in control medium or medium containing 0.5 mM 8-bromocGMP. In control medium, 15 LY injections yielded 10 single and 10 coupled cells
whereas, in medium containing cGMP, 19 injections yielded 6 single and 32 coupled
neurons, a 142% increase (p< .02) over control. Taken together, these results suggest
that one mechanism mediating synaptic enhancement of interneuronal coupling
involves connexon channel protein phosphorylation via cGMP-related actions.
Supported by NINDS grant NS 16942.
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HISTAMINERGIC SUPPRESSION OF K+ LEAKAGE CONDUCTANCE IN
HYPOTHALAMIC SUPRAOPTIC NEURONS: ROLES OF G-PROTEIN AND
PROTEIN KINASE. C. Decavel*, Z. Li and G.I. Hatton. Dept. of Neuroscience,
University of California, Riverside, CA 92521.
Histamine (HA) has been suggested to function as a neuromodulator and/or
neurotransmitter in the rat supraoptic nucleus (SON). Our previous studies have
shown that HA can directly depolarize SON neurons by activating membrane H,
receptors and this action involves Ca2+-independent intracellular processes and a
reduction in membrane conductance. Here we investigated ionic mechanisms and
intracellular signal transduction involved in HA-induced prolonged depolarization.
Whole-cell recordings were obtained from SON neurons in horizontal brain slices
from adult male rats. In medium containing 0 mM Ca2+, 2 mM Co2+ and 1-2 pM
TTX, with internal Ca2+ chelation (11 mM BAPTA), bath application of HA induced
an apparent inward current in 15/20 cells tested. The peak of inward current evoked
by 1-10 pM HA at holding potentials around -50 mV was 27.3±0.3 pA (Mean±SEM).
Ramp voltage tests revealed that this inward current had a reversal potential of 90.l±3.8 mV (n=10). Current subtraction resulted in a current which showed little
voltage dependence. Increased [K+]j or introduction of K+ channel blockers in the
medium attenuated or abolished HA-induced inward current at membrane potentials
close to -50 mV. When external Cl* concentration was reduced, HA-induced inward
current was still seen in 5/7 cells tested. Neither inward current nor change in
conductance was observed following bath application of HA in 11/12 cells recorded
using patch pipettes containing GDP-/3s, and in 7/8 cells using pipettes containing
GTP-ys. When electrodes containing the protein kinase inhibitor, H7 (0.5 mM) were
used, inward current with a reversal potential close to -90 mV was seen only in 1 of
11 cells tested. These results suggest that HA depolarizes SON neurons, in part at
least, by inhibiting a K+ leakage current mediated by G-protein and protein kinase.
Supported by NINDS grant NS 16942.

PHYSIOLOGICAL MAPPING OF LOCAL INHIBITORY NEURONS
WHICH PROJECT TO THE PARAVENTRICULAR NUCLEUS IN RAT
HYPOTHALAMIC SLICES. C. Boudaba. K. Szabo and J.G. Tasker*. Dept. of
Cell & Molecular Biology, Tulane University, New Orleans, LA 70118.

These local GABA neurons may serve as an inhibitory relay to neurosecretory cells
from limbic structures, since the limbic system has an inhibitory influence on
neurosecretion and afferent projections from limbic structures terminate outside the
PVN. This study was supported by NIH-NS31187, NSF IBN-9315308, and a grant
from the LA Board of Regents.
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SYNAPTIC INTERACTIONS
BETWEEN AMYGDALO-STRIATAL
AFFERENTS AND PARVALBUMIN AND CALRETININ INTERNEURONS
WITHIN THE RAT VENTRAL STRIATUM. T.Rudkin1. A.Sadikot 1 Y.Smith 2
and A.J.Morin '*. 1 .Dept.Neurology/Neurosurgery, MNI, McGill University, Montreal,
PC; 2. Laboratoire de Neurobiologie, Hopital Enfant-Jesus, Laval University, Quebec
City, PC.

LOCALIZATION OF VASOPRESSIN-IMMUNCCHEACTIVnY AND
VASOFRESSIN mRNA LABELING IN THE EXTENDED AMYGDALA. G.J.
De Vries*, MA. Miller, W.C.J. Chung. Program in Neuroscience and Behavior,
Univ. of Massachusetts, Amherst, MA 01003-7710 and Dqpt of Psychiatry and
Behav. Sciences, Univ. of Washington, Seattle, WA 98195.
The bed nucleus of the stria terminalis (BST) and the centromedial amygdala
show striking similarities in cytoarchitecture, neurochemistry, and neuronal
connections and have, therefore, been proposed to belong to one anatomical unit, the
extended amygdala (Alheid et d., 1995). The vasopressin (AVP) cells of the BST
and amygdala illustrate these similarities. They are similar in size and morphology;
immunoreactive for estrogen and androgen receptors and for galanin. In addition,
AVP expression in both areas depends entirely on gonadal hormones. Here we test
whether AVP-immunoreactive (AVP-ir) and AVP mRNA expressing neurons are
indeed found in homologous divisions of the BST and amygdala according to the
percolation of the extended amygdala proposed by Alheid et al., (1995). In the BST,
the majority of the AVP cells were found in the anterior medial BST (BSTMA), the
lateral part of the posterior medial BST (BSTMP1), and the intermediate part of the
lateral BST (BSTLI). In the amygdala, AVP cells were found in the
intraamygdaloid bed nucleus of the stria terminalis (BSTIA), the anterodorsal part of
the medial amygdaloid nucleus (MeAD), and the medial part of die central nucleus
(CeM). These areas are indeed each. others counterparts. The distribution of AVP
cells over neurochemically distinct areas within die extended amygdala suggests that
these cells may have been exposed to different microenvironments during
development. This may explain differences between those cells, such as the AVP
neurons in the medial BST being more abundant in males than in females, whereas
AVP cells in the lateral BST do not differ in number. Funded by NSF grant, IBN

Afferent input from the basolateral amygdala (BLA) to the ventral striatum is thought
to influence voluntary responses to novel and reinforcing stimuli (Everitt and Robbins,
1992). Evidence has suggested that dopamine can modulate this response and that this
is effected via synaptic convergence of nigral and amygdalar input upon striatal
projection neurons (Johnson, et al, 1994). Intemeuron populations within the striatum
may represent another substrate for modulation of amygdalar input. Two distinct
populations of intemeurons, identified by their immunoreactivity to the calcium
binding proteins parvalbumin (Pv) and calretinin (Cr), have been localized within the
rat ventral striatum. Both of these populations have been shown to receive asymmetric
synapses (Lapper, et al, 1992 and Bennet and Bolam, 1993) and are GABAergic
(Kubota, et al, 1993) This study examines whether Pv and Cr intemeurons are targets
of the amygdalo-striatal projection.
Injections of the anterograde tracer biotinylated dextranamine were made into the
BLA. Areas of overlap between the amygdalo-striatal projection and Pv and Cr
positive cells were analyzed by electron microscopy. Preliminary results indicate the
presence of asymmetric synapses between amygdala terminals and the dendrites of Pv
neurons. Synaptic input to Cr neurons has yet to be identified. Positive results from
this study will support the hypothesis that these neurons mediate feed-forward
inhibition of the excitatory signals arising from the amygdala.
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Local circuit interactions may play an important role in the generation of the
rhythmic bursting patterns of hypothalamic neurosecretory neurons. Neurons of the
paraventricular nucleus (PVN) receive local synaptic inputs from GABA neurons
outside the PVN (Tasker and Dudek, J. Physiol. 469: 179, 1993). The aim of the
present study was to determine the origin of the local inhibitory inputs to PVN
magnocellular and parvocellular neurons. Postsynaptic potentials were recorded in
PVN cells in coronal, horizontal and parasagittal hypothalamic slices (400-500 pm)
with sharp electrodes; local neurons were selectively stimulated by focal drop
application of glutamate (10-50 mM). Cells were classified as magnocellular or
parvocellular neurons during on the basis of electrophysiological criteria (Tasker
and Dudek, J. Physiol. 434: 271, 1991), and were injected with biocytin (1%) for
subsequent immuno-identification with a neurophysin antibody (generously provided
by Dr. A.G. Robinson). As in the previous study, we found that both magnocellular

and parvocellular neurons of the PVN received local synaptic inputs from cells
outside the PVN. The synaptic responses were caused by GABA release since they
were blocked by bicuculline (10-50 pM). The main sources of local inhibitory inputs
to the PVN were the region surrounding the fornix, including the bed nucleus of the
stria terminalis, and the dorsomedial hypothalamus. Other regions which provided
weaker inhibitory inputs to PVN cells were located in the anterior hypothalamus.

9421658 to GJD, adNIA grant AG-10917 to MAM
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BENZODIAZEPINE/GABAa receptors
in the
BASOLATERAL AMYGDALA OF THE RAT AND MONKEY: AN
IMMUNOHISTOCHEMICAL STUDY. A.J. McDonald* and F. Mascagni. Dept.
of Cell Biology and Neuroscience, Univ. of South Carolina School of Medicine,
Columbia, SC 29208.
The basolateral amygdala (ABL) has a strong intrinsic inhibitory system
mediated by GABAa receptors and is the main site of the anxiolytic actions of
benzodiazepines. In an effort to identify the anatomical substrates for these
transmitter and drug actions, immunohistochemical techniques were used to
analyse the neuronal localization of the GABAA/benzodiazepine receptor complex
(GABAR/BZR) in the rat and monkey ABL.
The overall pattern of GABAR/BZR immunoreactivity was very similar in both
species. The neuropil of the lateral nucleus exhibited the most robust staining.
GABAR/BZR immunoreactivity was also seen in neuronal perikarya and dendrites
where it was localized to the cytoplasm and/or surface membrane. The cell type
with the strongest GABAR/BZR immunoreactivity was a subpopulation of small
nonpyramidal neurons that had numerous thin dendrites. Other larger
nonpyramidal neurons were also stained. Pyramidal neurons in the rat and monkey
ABL exhibited light to moderate perikaryal staining that varied in different nuclei.
The results of this study indicate that the pattern of GABAR/BZR
immunoreactivity in the neuropil of the rat and monkey ABL closely resemble the
distribution of benzodiazepine receptors localized in previous radioligand
autoradiographic studies. The finding of intense immunoreactivity in
subpopulations of nonpyramidal neurons suggests the existence of disinhibitory
mechanisms which may be important for the activation of ABL projection neurons
in response to behaviorally significant stimuli. (Supported by NIH Grant
NS19733).
of

localization

ARE THE PROJECTIONS FROM THE CENTRAL NUCLEUS OF THE
MACAQUE
MONKEY
AMYGDALA
TO
THE
BRAINSTEM
GABAERGIC? M.H- Mesches*, A.L. Jongen-Relo & D.G. Amaral Ctr
Behav Neurosci, SUNY Stony Brook, Stony Brook NY 11794-2575.
The central nucleus of the monkey amygdala (Ce) gives rise to
prominent subcortical connections that innervate sensory, endocrine,
autonomic, and visceral regions of the brainstem such as the parabrachial
nuclei, the dorsal motor nucleus of the vagus and the nucleus of the
solitary tract (NTS). While there have been several attempts to determine
the chemical anatomy of these projections, relatively little is known
concerning their transmitter(s). The present study was prompted by the
recent finding in our laboratory that many neurons of the Ce express
mRNA for GAD65 and GAD67 and may be GABAergic. Supporting this,
Pickel and colleagues (Soc. Neurosci. Abs, 1993) have demonstrated that
Ce efferents to the NTs form symmetrical synapses. The present study
examined whether cells in Ce, labeled following retrograde tracer
injections into the brainstem, were also positive for expression of GAD65
or GAD67. The retrograde markers Fast blue (FB) or WGA-apoHRP-gold
(WAHG) were injected into the parabrachial region in ' Macaca fascicularis
monkeys. Tissue was processed by in situ hybridization with probes for
GAD65 or GAD67 and with silver intensification of the WAHG. Based on
the distributions of FB and GAD positive cells, it appears that some Ce cells
which project to the brainstem may be GABAergic. We are currently
attempting to confirm this finding quantitatively using double labeled
WAHG/in situ preparations. Given that a substantial proportion of the
subcortically projecting Ce neurons do express GAD mRNA, it raises the
possibility that the amygdala may modulate visceral and autonomic
function through an inhibitory GABAergic mechanism.

655.11

655.12

AMYGDALOID MODULATION OF MESOPONTINE PERIBRACHIAL (PB)
NEURONAL ACTIVITY: IMPLICATIONS FOR AROUSAL A.J.Silvestri and
B.S.Kapp*. Dept.Psvchol..Univ. of Vermont.Burlington.VT 05405.
Amygdaloid electrical stimulation in the rabbit produces short-latency
activation of auditory responsive neurons located within the mesopontine
peribrachial (PB) region (Pascoe and Kapp, 1993). Given the importance

1-4 spikes to the onset of auditory stimuli. The response of this type of
neuron is similar to that of a PGO-on burst neuron (Steriade et al- 1990)

PROJECTION CELLS AND INTERNEURONS OF THE BASOLATERAL
(BL) AMYGDALOID COMPLEX HAVE DISTINCT DISCHARGE
PATTERNS IN CONSCIOUS BEHAVING CATS J. Done*. H. Gaudreau
and D. Par6 Dept. Physiol.. Fac. Medicine, Univ. Laval QUE. CANADA
Recently (Pard at al., J. Neurophysiol, in press), we correlated the
physiological and morphological properties of BL neurons and identified two
types of spiny projection neurons (by antidromic invasion). The first cell type
prevailed in the BL nucleus and generated spike bursts upon depolarization.
The second cell type prevailed in the lateral nucleus and generated slow
membrane potential oscillations when steadily depolarized. In contrast to
projection cells, aspiny intemeurons had a higher spontaneous discharge rate
(DR) and generated non-accommodating spike trains during depolarizing
current pulses. Here, we verified if these physiological properties translate
into discharge patterns that can be recognized extracellularly in behaving cats.
The majority of the cells encountered in the BL nucleus had a low DR

which may contribute to thalamic arousal in response to novel stimuli.
Neither the stimulus-evoked nor spontaneous activity of these neurons
showed any obvious relationship with the state of EEG arousal. Consistent
with our previous findings, amygdaloid stimulation produced a short latency
(4-13 msec) activation of these neurons. The second type, with z
spontaneous firing rate of 2.0Hz, responded with a train of spikes which
outlasted the duration of auditory stimuli and continued to respond at an
enhanced rate throughout the stimulus-induced EEG desynchronization
period. In the absence of stimulus presentations, the spontaneous firing
rate of these neurons was greater during periods of EEG desynchronization
than during periods of EEG synchronization. Current experiments are
investigating whether amygdaloid stimulation influences this type of neuron.
The results suggest an amygdaloid influence on PB neurons, some of
which may contribute to thalamic arousal. (Supported by NSF 9319699).

but were most active during slow-wave sleep (SWS). These cells generated
stereotyped spike doublets or bursts and a high proportion of them were
formally identified as projection cells by antidromic invasion from the
parahippocampal cortices. A second cell type discharged tonically in waking
(W) and REM sleep (10-25 Hz) but displayed phasic DR accelerations (up to
385 Hz) in SWS. Because none of them could be antidromically invaded from
the parahippocampal cortices, they are presumed to be intemeurons.
In the lateral nucleus, two cell types were recognized. The first behaved
like the presumed intemeurons of the BL nucleus. In spontaneous conditions,
neurons of the second type were silent in all states (W, SWS and REM sleep)
but generated antidromic spikes in response to cortical shocks. These findings
suggest that in previous extracellular studies of the lateral nucleus, most
spontaneously active cells were intemeurons. Thus, these data must be reinterpreted.
Supported by MRC grant MT-11562.

of the amygdala and PB region in arousal (Kapp etal., 1992; Steriadeetal.,
1990), the present study was conducted to determine (1) if the activity of
PB auditory responsive neurons in the awake rabbit correlates with the
state of arousal as reflected in the cortical EEG and (2) if such neurons are
influenced by amygdaloid stimulation. To date, we have been investigating
two types of extracellularly recorded auditory responsive neurons. The first,
with a spontaneous firing rate of <O.5Hz, responded with a phasic burst of

655.13
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RHYTHMIC
ELECTRICAL
ACTIVITY
IN
THE
AMYGDALA:
OBSERVATIONS IN VITRO AND IN VIVO. H.-C. Pape*1 and D. Par<*2.
1lnst. Physiologie, Otto-von-Guericke Universitat, Magdeburg, Germany;
2D6pt. Physiologie, University Laval, Quebec, Canada.

SLOW INHIBITORY SYNAPTIC RESPONSES IN AMYGDALOID NUCLEI.
L. Danober* and H.-C. Pape. Institut fur Physiologie, Otto-von-Guericke

Despite recent advantages, the operations carried out by the
basolateral complex of the amygdala (BLA) remain poorly understood,
partly due to the rarity of data on the intrinsic properties of the neuronal
constituents. In an attempt to correlate morphological cell types and
membrane characteristics, we have combined electrophysiological and
staining methods in the BLA of guinea pig and cat in vivo and in a slice
preparation in vitro. The major type of projection neuron in the lateral
nucleus, as identified upon antidromic invasion from basal forebrain or
ento-perirhinal cortices, possessed a heterogeneous, modified pyramid or
stellate morphology with spiny dendrites. The unifying characteristic of
these neurons was the propensity to generate slow oscillatory activity,
evident as rhythmic deflections of the membrane potential at 2-10 Hz
that sculptured spike patterns. Two types of oscillations were
distinguished. Both were of an intrinsic, non-synaptic origin, but differed
in voltage-dependence, ionic mechanisms and site of generation. A lowthreshold oscillation occured in a range subthreshold to spike generation,
was dependent on a Na-current, and presumably originated at or close to
the soma. A high-threshold oscillation at the same predominant
frequency occured in the suprathreshold range, was primarily mediated
through a Ca-conductance, and presumably of a dendritic origin.
Two sets of membrane conductances thus seem to cooperate to
produce resonant oscillatory activity at 2-10 Hz in projection neurons of
the lateral amygdala, thereby supporting the synchronization of synaptic
inputs and action potential output into coherent network oscillations.
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Universitat, D-39120 Magdeburg, Germany.
Besides GABA, glycine is the main inhibitory transmitter in the nervous
system. In order to investigate the contribution of glycine to synaptic
transmission in the amygdala, we combined immunohistochemical and
intracellular recording techniques in slices of the guinea pig amygdala in
vitro. A dense to moderate immunoreactive staining for gephyrin and the
a- and B-subunits of the glycine receptor was observed throughout the
amygdala. Local application of glycine to neurons in lateral (LA) and, as
previously described1, central (CE) amygdaloid nuclei evoked a

membrane hyperpolarization from rest that reversed at -80 mV. The
glycine response persisted during blocked synaptic transmission, was
antagonized-by strychnine, and injection of K-nitrate positively shifted
the reversal potential. Local high-frequent electrical stimulation evoked a
slow IPSP in CE neurons, which reversed at -80 mV and was blocked by
strychnine1. In LA neurons, repetitive stimulation of the external capsule
evoked a slow IPSP with similar reversal potential, but of a significantly
longer duration and insensitivity to strychnine. This IPSP was
substantially increased during blockade of GABAa and GABAb
receptors, thereby effectively inhibiting burst discharges generally
observed during blocked GABAergic transmission.
The results provide evidence for the existence of strychnine-sensitive
glycinergic transmission throughout the amygdala and of an additional
slow IPSP in the LA nucleus with as yet undefined pharmacological
characteristics. Both types of inhibitory synaptic processes may
contribute to prevent epileptiform activity during reduced GABAergic
transmission.
1, Nose et al., J. Neurophysiol. 65, 1227-1241 (1991)
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MICROINJECTION OF TRH ANALOGUE INTO THE
CENTRAL NUCLEUS OF THE AMYGDALA STIMULATES *
GASTRIC CONTRACTILITY IN RATS. N.S. , Morrow.*1
D. Hodgson* and T. _ Garrick. 1 1 CURE/UCLA
Gastroenteric Biology Center-, Dept. of
Veteran Affairs Medical Center,1 Los Angeles
CA 90073, Dept. of Psychiatry and
Biobehavioral Sciences,e UCLA, Los Angeles,
CA 90024.
Changes in gastric contractility following
microincection of thyrotropin-releasing
hormone (TRH) analog, RX 77368, into the ,
central nucleus of the amygdala wrre examindd
in fasted, urethane-anesthetized rats.
Gastric contractility was aeasured with
eetraluainal force transducers and analyzed
by a computer. Bilateral aicroinjection of
RX 77368 (0.5 M9, 1.0 Mg, n=,6 each) dose7
dependently stimulated gastric contractility
for 10-120 ain post-injection when compared
to rats microinjected with 0.1 Mg RX 77368,
0.1% BSA or RX 77368 into sites adjacent to
the central nucleus, p's <.05. Peak
responses (0.5 Mg, 1.0 Mg) occurred 30-40 min
post-injection and represented a 15- to 30fold increase over basal values. In the
remaining groups, the gastric contractility
force index was not significantly altered
from pre-injection values. These results
suggests that the central amygdala
.
articipates in modulating gastric function
uring stress-induced challenges. *Supported
by a Pilot and Feasibility Award from NIH
Center Grant DK 41301 (Animal Core), by VA
Merit Review funds and by the UCLA
Pyschoneuroimmunology Fellowship Program.
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DISSOCIABLE EFFECTS OF SELECTIVE EXCITOTOXIC LESIONS OF THE
AMYGDALA ON INSTRUMENTAL AND PAVLOVIAN COMPONENTS OF A
NOVEL CONDITIONED PUNISHMENT PROCEDURE. A.S.Killcross.
BJ.Everitt and T.W.Robbins. Department of Experimental Psychology, University
of Cambridge, Cambridge, England, CB2 3EB.
SPON: European Neuroscience Association.
It has been widely reported that lesions of either the basolateral (blA) or central
(cnA) nuclei of the amygdala will abolish Pavlovian aversive conditioning in rats. A
novel conditioned punishment procedure is reported in which rats maintained baseline
lever pressing on two levers for pellets whilst superimposed on this food schedule
was a second schedule delivering on one lever a response-contingent 10-sec auditory
conditioned stimulus (CS) that was terminated by a 0.5-sec, 0.3 mA footshock, and
on the other lever a matched neutral auditory CS. Control animals learnt over several
sessions to avoid the lever producing the response-contingent aversive CS (CS+
lever), but more rapidly came to show a selective conditioned suppression of lever
pressing on both the CS+ lever and the alternative lever only during occurrences of
the aversive CS. Responding during the neutral CS was always maintained at the
same rate as responding during ITI periods. These two behaviours are due to
conditioned punishment of instrumental responding and acquisition of a Pavlovian
CS-shock association, respectively. A similar pattern of effects was produced in
extinction, demonstrating the importance of the CS-shock association in both of
these responses. Quinolinate lesions of the blA produced a slight retardation in the
acquisition of the Pavlovian conditioned suppression, but a persistent deficit in the
acquisition of instrumental conditioned punishment. Ibotenate lesions of the cnA
produced the reverse pattern of effects - a persistent deficit in conditioned
suppression, but only a slight retardation in the acquisition of conditioned
punishment. The implications of this finding for the role of the central and
basolateral nuclei of the amygdala in aversive conditioning are discussed.

655.17
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INDUCTION OF RUNNING ACTIVITY AND METABOLIC CHANGE BY
THE VENTROMEDIAL HYPOTHALAMUS IN THE RAT. K. NaritaC NL
Nishihara2. Y. Mori3* and M. Takahashi2. 1 Dept. of Physiology,
Fukui Medical School, Fukui 910-11, 2 Dept. of Vet. Physiology
and 3 Dept. of Vet. Ethology. Univ. of Tokyo. Tokyo 113, JAPAN.
We have revealed that injection of kainic acid (KA) into the
ventromedial nucleus of the hypothalamus (VMH) exclusively
elicited running activity. In this study, first we investigated
the involvement of KA type glutamate receptors in the VMH in
the metabolic changes during running activity originating in
the VMH. Next, efferent pathways of these KA-sensitive
neurons in the VMH were examined by means of multiunit
activity (MUA) recording technique.
Injection of KA into . the VMH of conscious rats resulted in an
increase in
plasma glucose, norepinephrine (NE) and
epinephrine (E), as well as running activity. Then to prevent
the occurrence of exercise, rat was anesthetized by urethane
and KA was injected into the VMH. In this condition, KA also
increased plasma glucose, NE and E. A transient increase in
MUA of subthalamic (SLR) and
mesencephalic
(MLR)
locomotor regions were also observed.
From these results we conclude that KA type glutamate
receptors in the VMH are involved in inducing running
activity and, simultaneously, in activating the sympathetic
nervous system with a resultant increase in blood glucose to
supply energy substrate during running activity. It was also
suggested that both SLR and MLR are involved in running
activity originating in the VMH.

CHANGES IN LOCAL CEREBRAL GLUCOSE UTILIZATION
(LCGU) FOLLOWING INJECTIONS OF A GABAa ANTAGONIST
INTO THE DORSOMEDIAL HYPOTHALAMUS OF RATS. T.J.
Sajdvk*, A.Shekhar. J.S. Katner. W.J. McBride and E. Chemet Dept.
of Psychiatry, Indiana Univ. Med. Center, Indianapolis, Indiana 46202.

655.19

NOREPINEPHRINE release
FOLLOWING GABAa RECEPTOR
BLOCKADE IN THE DORSOMEDIAL HYPOTHALAMUS OF
CONSCIOUS RATS: AN IN-VIVO MICRODIALYSIS STUDY.
J,S,Katne*. A.SbsW, Shidyd, T.J„ R,R,KoM, Dept. of Psychiatry,
Indiana University Medical Center, Indianapolis, Indiana 46202.
Blockade of GABAa receptors by locally injecting the
antagonist bicuculline methiodide (BMI) into the dorsomedial
hypothalamus (DMH) causes a panic-like response which includes
increases in heart rate (HR), blood pressure (BP), respiratory rate, as
well as "anxiety". Rats experiencing "anxiety" in a fear-potentiated
startle test have shown increases in norepinephrine (NE) tissue levels
in the DMH. Using in-vivo microdialysis, the present study sought to
determine changes in extracellular NE levels following superfusion of
different concentrations of BMI into the . DMH. Rats were implanted
with femoral arterial catheters and microdialysis probes into the DMH.
After 24 hours, the DMH of conscious rats were perfused with either
100, 150 or 200 mM BMI solutions via the microdialysis probe. HR
and BP responses were recorded and the extracellular levels of NE in
the DMH were determined from the perfusates by using high pressure
liquid chromatography. Rats receiving BMI injections showed dosedependent increases in extracellular NE levels in the DMH. These
results suggest that in the DMH, increased NE release may be closely
connected with GABAa receptor blockade and the associated panic-like

response. (Supported by MH 45362)
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Previous studies have shown that rats injected with a GABAa
antagonist into the dorsomedial hypothalamus (DMH) exhibit panic-like
responses (Shekhar, Biol. Psychiatry, 36:748-58; 1994). The purpose of
this study was to identify other neuroanatomical sites possibly involved
in mediating this panic-like response using the [MC] 2-deoxyglucose (2DG) autoradiographic method (Sokoloff et al., J. Neurochem.,28:897916; 1977). Rats were fitted with femoral arterial and venous catheters
as well as unilateral, chronic injection cannulae into the DMH. They
were injected with either 20 pmol/100 nl of BMI or artificial
cerebrospinal fluid (a-CSF, 100 nl) into the DMH along with
intravenous injection of 2-DG (125 uCi/Kg). The ensuing physiological
response was recorded and series of blood samples were taken to
determine plasma glucose and [I4C] concentrations.
Rats were
sacrificed, their brains serially sectioned and regional LCGU values
were determined. A significant increase in LCGU on the BMI injected
side were seen in the DMH; lateral, paraventricular, arcuate and
posterior hypothalamic nuclei; CA1 region; and central gray. A
significant decrease in LCGU was observed in the basolateral amygdala.
These results indicate that activity in several discrete nuclei are altered
during the panic-like response induced by BMI injections into the DMH
of rats (Supported by MH 45362).
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SELECTIVE DISTRIBUTION OF LACTATE DEHYDROGENASE
ISOENZYMES IN NEURONS AND ASTROCYTES: EVIDENCE FOR
ACTIVITY-DEPENDENT METABOLIC TRAFFICKING
P. Bittar1, Y. Charnay! M. Kiraly2*, L. PeHerin2, C. Bouras1 and P.J.
Magistretti2. 1 Departement de Psychiatrie, Universite de Geneve and
2Institut de Physiologie, Universite de Lausanne, Switzerland.
We have observed that glutamate stimulates in a concentration-dependent
manner (EC50 = 78 |iM) glucose uptake into and lactate efflux from mouse
cortical astrocytes by a mechanism involving a Na+-dependent glutamate
transporter [LP & PJM (1994) PNAS 91:10625-10629]. Lactate was shown
to originate from extracellular glucose. Glutamate uptake did not affect glucose uptake or lactate release in neurons however. Since glutamate is the
main excitatory neurotransmitter released by activated neurons, we postulated that lactate produced by astrocytes could serve as an energy fuel for neurons during period of activation. Production and utilization of lactate require
the presence of the enzyme lactate dehydrogenase (LDH). Five major LDH
isoenzymes have been described. At one end, the LDH-1 (heart type) isoenzyme favors the formation of pyruvate from lactate, while the LDH-5
(muscle type) isoenzyme preferentially catalyzes the reaction in the opposite
direction. We have developed and characterized two antisera (Abs) raised

THE DIRECT EFFECTS OF ALTERED GLUCOSE CONCENTRATION ON
THE ISOLATED RAT MIDDLE CEREBRAL ARTERY (MCA). M.W.G.
Swafford. M.Y. Eichler. R.M. Bryan, Jr.* Dept. of Anesthesiology, Baylor
College of Medicine, Houston, TX 77030
The direct effects of altered glucose concentration was studied in cerebral
arteries. Rat MCAs were isolated, immersed in a bath (37° C) containing
physiological saline solution, pressurized to 85 mm Hg, and luminally perfused.
Each MCA was magnified with an inverted microscope and the image
displayed on a video monitor. Changes in the diameter were measured after
altering the luminal and abluminal glucose concentrations.
Decreasing the glucose from 5.5 mM to 1.5, 1.0, and 0.5 mM for 1.5 hours
each had no effect on the diameter of the arteries. When all the glucose was
removed for 1.5 hours, the MCAs dilated by 23% [252 ±9gmto31l±3pm
(p<0.05, n=7)J. When all Ca+2 was removed from the bath, the MCAs further
dilated to 35 ±5 % of control indicating that maximum dilation did not occur
as a result of hypoglycemia alone. When glucose was restored (100 mg/dl), the
MCA diameters returned to control. Removal of the endothelium did not alter
the response of the isolated MCAs to reductions in glucose. Furthermore,
inhibition of the ATP sensitive K+ channels with 10"4 M glibenclimide did not
alter the response to glucose.
We conclude that isolated MCAs were relatively resistant to hypoglycemia
since all glucose had to be removed before dilations occurred. This is in
contrast to cerebral blood flow in intact rats which shows a dramatic increase
when plasma glucose falls below 2.5 mM. The direct effects of hypoglycemia
on the MCA did not involve endothelial vasodilatory mechanisms or ATP
sensitive K+ channels. (PHS POl NS 27616).

against the LDH-1 and -5 subunits from rabbit. The specificity of each antiserum was verified by immunohistochemistry , immunoblot and western
blot analysis. Immunohistochemistry on 10 post-mortem control human
cases revealed a differential cellular distribution in the hippocampus: neurons were exclusively stained with the anti-LDH-1 Ab while astrocytes were
stained by both Abs. These observations are consistent with the idea that
neurons process lactate to pyruvate which can then enter the TCA cycle,
while astrocytes can glycolytically produce lactate from glucose; the data
also support the view of a metabolic exchange between astrocytes and neurons in vivo especially during activation.

656.3
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(rCBF) OR REGIONAL CEREBRAL BLOOD OXYGENATION (rCBO) CHANGES
in Cortical
Spreading Depression (CSD) in rats . U.Lindauer*. T.Wolf,
A.Villnnger. U.Dirnagi . Dept. of Neurology, Humboldt University Berlin, Germany.

Cortical spreading depression may play a role in the pathology of migraine and
cerebral ischemia. The event of CSD, as an intense stimulus of energy metabolism, is
in the normal brain followed by marked increases in rCBF, rCBO and tissue lactate
concentration. Glucose is the main substrate of energy production in the brain. We
tested the hypothesis as to whether glucose may be involved in the mediation of CSD
related changes in rCBF and rCBO under normoglycemic and hyperglycemic conditions. In parietal cortex of a-chloralose anesthetized, ventilated rats under full physiological control, we measured rCBF with laser Doppler flowmetry (LDF) through the
thinned bone. r CBO (oxyhemoglobin: HbO2, deoxyhemoglobin: Hb) and oxidized
mitochondrial cytochrome aa3 (CytO) were measured through the intact skull with
near infrared spectroscopy (NIRS). The DC potential was monitored epidurally. CSD
was induced every l5min by topical application of KC1 10mm anterior from the measuring site. After lh of normoglycemic CSD recording, hyperglycemia was induced by
i.v. glucose application (1ml of 20% glucose solution as a bolus, followed by infusion
of 2ml/h 40% glucose solution). A drop in blood pH due to hyperglycemia was balanced by mild hyperventilation. During hyperglycemia CSD was induced every 15 min
for lh. Results are summarized in the table:
n=4, *p<0.05
mean ± SD
normoglycemia
hyperglycemia

blood glucose
(mmol/l)
S.1 ±0,7
18.4 ± 3,3*

bas. rCBF
(%)

100
91 ±12

A rCBF
(%)
+524± 98
+540 ±95

A HbO
(arb. units)
+35 ±3
+35 ±6

A Hb
(arb.units)
-11 ±5
-10 ±4

A CytO
(arb.units)
-6.2 ± 0.2
-5.6 ±1.6

CBF and rCBO responses to CSD were not affected by hyperglycemia, which points
against a role of glucose in the coupling of metabolism and rCBF during CSD.
(Supported by the Deutsche Forschungsgemeinschaft).
r

RELATIVE CONTRIBUTIONS OF GLYCOLYSIS AND OXIDATIVE
PHOSPHORYLATION TO METABOLISM OF PRIMARY HIPPOCAMPAL
CULTURES, AS ASSESSED BY MICROPHYSIOMETRY. J.A. Trafton.
O.A. Ajilore and R.M. Sapolsky* Biology Dept. Stanford University,

Stanford, CA 94305.
Microphysiometry is a technique which measures real time changes in
proton efflux rate in cultured cells or tissue slices. It is generally interpreted
as measuring metabolic rate, based on the idea that metabolic processes
produce hydrogen ions as lactic and carbonic acid in proportion to activity.
A problem in interpretation occurs, in that glycolysis contributes 6 times as
many protons/ATP as does oxidative phosphorylation. Thus, shifts in the
balance between oxidative and glycolytic metabolism would change acid
production, which might be wrongly interpreted as an altered metabolic
rate. To distinguish between the glycolytic and oxidative contributions, we
compared proton efflux rates measured in cultures given glucose and
pyruvate as substrate versus pyruvate alone. At pH 7.4, approximately
90% of total metabolism was attributable to glycolysis with only 10% due to
oxidative phosphorylation. Acidosis has been shown to inhibit NMDA
receptor currents and to -protect cultured neurons from excitotoxic insults;
commensurate with that, we found that acidosis decreased proton efflux
rates in cultures. We explored whether this decrease represented a true
metabolic decline. While signficant declines in proton efflux rate at lower
pH's were still obvious in cultures restricted to oxidative metabolism, a shift
toward oxidative metabolism was seen following acidification. At pH 6.4,
glycolysis contributed less than 60% of total metabolism. Acidity still
decreased the rate of proton production under conditions bypassing
glycolysis, with a decline to < 50% of pH 7.4 levels at pH 6.4. This suggests
that while acidity indeed decreases metabolic rate, it also shifts energy
production towards oxidative metabolism. While the implications of this are
unclear, it hints at the complexity of acid's metabolic effects and highlights
the need for caution in interpretating microphysiometric data.

656.5

656.6

AUTOREGULA’nON OF CHOROID PLEXUS BLOOD FLOW DURING
ACUTE HYPERTENSION. C. A. Hathaway. R. Du. S. B. Waller*. J. L.
Williams. Univ. of South Dakota School of Medicine, Vermillion, SD 57069
Autoregulation of cerebral blood flow (CBF) has been well characterized. In
contrast, autoregulation of choroid plexus (CP) blood flow (BF) has not been
examined. The goal of this study was to determine whether BF to CP
autoregulates during moderate increases in mean arterial pressure (MAP).
BF was measured with radioactive microspheres in anesthetized rabbits. In 5

COMPARISON
OF THE ONTOGENY
OF BRAIN OXIDATIVE
METABOLISM IN VIVO VS IN VITRO: AN NMR SPECTROSCOPY STUDY
E. J. Novotny. Jr.. C. Ariyan, Y. Akiyama*, J.P. O'Reilly, K.L. Behar, G.G. Haddad
Depts of Pediatrics and Neurology, Yale Univ., Sch. of Med., New Haven,CT 06510
It has been shown by indirect measurements that oxidative metabolism of brain
glucose increases during development. Because the high chemical specificity of
NMR spectroscopy permits direct determination of particular metabolic fluxes, we
chose to study brain oxidative metabolism in the rat. We also chose to determine
whether we can study such questions not only in vivo but also in slices in order to
probe at mechanisms. A comparison of neocortical glucose oxidative metabolism
between slices (400-micron thick) and in vivo brain tissue was therefore performed
in 10 d vs. 30 d rats using 1-l3C glucose combined with proton-observe, l3C-edited
NMR spectroscopy. The 1JC enrichment of specific carbon positions of glutamate
were measured at various time points in perchloric acid extracts of frontoparietal
cortex from in vivo and slice experiments following administration of 13C labeled
glucose. Both the rate of °C label incorporation into and steady-state isotopic
fraction of the C4 carbon of glutamate (glu-C4) were significantly smaller in the 10
d vs 30 d rats in vivo (T)/2~ 22 vs 10 min; FE=0.2 vs 0.3). In contrast, the
difference in the rate of label incorporation into glu-C4 was less in the slices of

animals, MAP to the head was increased 39 ± 10 mmHg (mean ± SD) by aortic
occlusion. BF to CP of the lateral ventricle was unchanged by occlusion (347
± 148 to 388 ± 85 ml/min/100g). In contrast, occlusion increased BF to the
fourth ventricle (216 ± 37 to 428 ± 163 ml/min/100g, p=0.054). CBF was
unchanged (78 ± 35 to 95 ± 34 ml/min/100g).
In other rabbits, MAP was increased 36 ± 8 mmHg by IV norepinephrine.
BF to CP of the lateral ventricles was similar during control and norepinephrine
(288 ± 173 to 259 ± 98 m!/min/100g). BF to CP of the fourth ventricle also
was not changed (276 ± 112 to 307 ± 256 ml/min/110g) by norepinephrine.
In 3 rabbits, we measured the rate of autoregulation of BF of CP of lateral
ventricle with laser Doppler flowmetry during aortic occlusion, which increased
MAP 59 ± 17 mmHg. During aortic occlusion, CPBF and CBF increased 20 ±
7% and 45 ± 8% initially, and autoregulated 50% in 5.3 ± 6.3 s and 3.5 ± 1.8
s, respectively. Final autoregulation of CPBF and CBF occured in 13.8 ± 18.4
and 16.7 ± 8.8 s.
Our findings indicate that CPBF autoregulates rapidly during moderate
increases in MAP.
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immature than mature brains (T1/ ~ 28 vs 22 min) and there was no difference in
the isotopic fractions at 120 min (FE=0.34 vs. 0.35). Our results show for the first
time that glucose oxidation can be measured directly in as little as two 400 micron
slices using this technique. Our conclusions so far indicate that: 1) the lower gluC4 FE of the immature brain compared to the mature one indicates that sources
other than glucose can be used for oxidative metabolism and 2) although differences
in glucose oxidation between in vivo and in vitro conditions are present at both
ages, our data suggest that glucose oxidation is more closely correlated with
connectivity in the mature than immature brain. (Supported by NS32578, HD32573).
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SPATIAL DISTRIBUTION OF LDH ISOFORMS IN RAT BRAIN IN
COMPARISON WITH SDH AND INTRACELLULAR pH. K. L. Lauro. W. D.
Lust. J. C. LaManna*, Case Western Reserve University and School of
Medicine, Cleveland, OH; 44106
As part of a larger study on adaptation to chronic hypobaric (.5 ATM)
hypoxia, we measured micro regional succinate dehydrogenase (SDH) and
lactate dehydrogenase isoenzymes (total LDH, LDH-M inhibited . and LDH-H
inhibited) in the normoxic rat brain through histochemical staining. Activity of
the mitochondrial SDH and cytosolic LDH-H is indicative of oxidative capacity,
while LDH-M is indicative of glycolytic metabolism. Additionally, pH was
measured via neutral red histophotometry to determine whether pH, is
indicative of type of metabolism verses level of metabolic activity. Animals
were frozen in situ after neutral red infusion. The frozen block face was
photographed for pH analysis prior to removing 6 consecutive 20 or 6 micron
sections. Tissue stained for LDH was defatted prior to staining.
LDH-M was most prevalent in regions of highest glycogen content, ie. the
hippocampal regions of the oriens, radiatum, and astrocytic layer adjacent
to the granular layer of the dentate gyrus. The marked exception to this was
the oxidative region in the proximal radiatum of CA3.
The oxidative profile depicted by SDH was similar to LDH-H, yet there
were distinct differences, possibly indicating as unique functional role for LDHH. LDH-H was prominent in the pyramidal cell bodies of the hippocampus,
yet SDH was nearly absent. The cerebellar purkinje cells had higher amounts
of all LDH isoenzymes than the granular cells, but comparable amounts of
SDH. While SDH and LDH-M was virtually absent in the corpus callosum,
LDH-H was present in the in low amounts. Capillaries stained heavily for LDHH. In the regions studied, pH( correlated with degree of oxidative metabolism. .
Regions of high oxidative enzyme activity, are slightly more acidic than the
cortex, while regions with high glycolytic capacity tend to be alkaline. The
exception to this was the columnar acidic pattern in the glycolytic radiatum,
possibly indicative of activation.

656.9

NON-CLASSICAL PATTERN OF CEREBRAL BLOOD FLOW (CBF)-PRESSURE AUTOREGULATION. S.C. Jones*. C.R. Radinsky. A.D. Perez-Trepichio,
Cerebrovascular Res. Lab, Cleveland Clinic Foundation, Cleveland OH 44195.
CBF-pressure autoregulation has been typically characterized by a plateau until the lower limit (LL) is reached, when CBF becomes linearly related to
pressure. We have investigated variations in this classical pattern.
Thirty-five Sprague-Dawley rats (389±8 g, SEM) were anesthetized (halothane, N2O, O2, body temperature 37°C). The first day a plastic cranial window
was implanted and the animal was allowed to recover. The second day, animals were anesthetized, tracheotomized, ventilated, and catheters were
placed. Physiologic variables (MABP, PaCO2, PaO2, and pH) were stabilized.
CBF was determined using laser Doppler flowmetry. Animals with low CO2 and
ADP reactivity were excluded. MABP was sequentially lowered by exsanguination to 100, 85, 70, 55, and 40 mm Hg. The LL of autoregulation and patterns
were visually identified from the CBF vs MABP plots as either "classical*
(n=18), "peak* (n=11) or ’none* (n=6). The classical pattern exhibited a plateau followed by a pressure-passive drop. The peak pattern was characterized
by a rise in CBF from control as pressure decreased, followed by a fail. No autoregulation (none) consisted of a linear fall of CBF from 100 to 40 mm Hg.
A clear difference between the classical, peak, and none patterns is evident (RM-ANOVA, p<0.001; *,**: p<0.05, 0.01, Scheffe). The classical and
peak lower limits were similar (75±4 and
..................
69±3 mm Hg). The peak pattern has
120
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r-v—8-(Stroke 15, 343) and indicates that ves- jt 80
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(Support: NSF IBN 90-22190)
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656.10

CEREBRAL VASOMOTION: 0.1Hz OSCILLATION IN IMAGING
OF NEURAL ACTIVITY. J. E.W. Mayhew, S. Askew. Y. Zheng. J.
Porrill. G.W.M. Westbv. P. Redgrave. D. M. Rector. R.K. Harper* and
R. M. Harper. AIVRU, University of Sheffield, Sheffield, S10 2TP,
U.K.; Dept. Anatomy and Cell Biology, UCLA, Los Angeles, CA,
90095-1763, U.S.A.
Reflected light from the surface of neural structures can reveal the functional
architecture within large populations of neurons. The signals are derived from multiple
sources, including cerebral microcirculation, light scattering properties of active neurons,

and possibly glia. We collected image sequences of reflected light at video frame rates
(25Hz), using a miniaturized camera and fiber optic probe, and determined that a . principal
component of intrinsic signals is a modulation of a pervasive low frequency oscillation in the
local microvasculature. This oscillation, of approximately 0.1 Hz, is present in many
structures; the rat cerebral cortex, striatum, thalamus, superior and inferior colliculus, and
cerebellum, and cat hippocampus, together with faster (100Hz) and slower components.
Although the mechanisms producing the 0.1 Hz signal are uncertain, a similar vasomotion
oscillation occurs in the peripheral circulation. Concurrent laser doppler flowmeter
measures find comparable low frequency signals; however, the image analyses additionally
revealed a complex spatio-temporal structure to the 0.1 Hz signal, with stimulationspecific patterns. Coherence analyses indicated that the signals cannot be attributed to simple

motion artifacts associated with the cardiac or respiratory cycles. Significant regional
modulation of the phase structure and amplitude of the 0.1 Hz signal emerged in transitions

CAPILLARY MODULES IN MOUSE CORTICAL BARRELS.

J. Sui.

C .M. Rovainen*. T.A. Woolsey. Departments of Neurology & Neurological

Surgery and Cell Biology & Physiology, Washington University School of
Medicine, St. Louis, MO 63110.
A penetrating arteriole which is injected with dye and the surface
venules from which dye emerges is an arteriolar domain which
approximates the area of but does not coincide with a cytochrome
oxidase stained barrel in layer IV (Sui et al, *94). To test the hypothesis
that an internal terminal arteriole and its capillary “module” is matched to
a barrel, adult mice were fixed with mixed aldehydes. Penetrating
arterioles and their terminal branches were stained by perfused Rose
Bengal. The cortex was cut vertically or tangentially at 2OOgm with a
vibratome and barrels visualized with oblique lighting. In tangential
sections 1-2 terminal arterioles supplied each layer IV barrel. Arteriolar
branches in layer III were impaled with 3pm glass micropipetes; injected
dye was recorded by videomicroscopy progressing from arterioles into
capillaries and then venules. Side branches from a vertical arteriole
supplied modules of capillaries within the barrels. The capillary modules
matched to neural modules, manifest as barrels, are a substrate for
control of LCBF to a single cortical column during neural stimulation.
Supported by NIH Grants NS 28781 and HL 41075, the McDonnell Center for Studios of
Higher Brain Function and an award from the Spastic Paralysis Foundation of the IllinoisEastern Iowa District of the Kiwanis International.

between sleep states, following visual, auditory and noxious stimulation, and following
electrical stimulation of the imaged tissue. Reflected light imaging provides a means to
assess modulation of microcirculation spatio-temporal dynamics by populations of active
neurons. (Supported by HL-22418, NIDR DE-07212, and Wellcome Trust 038011/Z/93.)

656.11
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WHISKER EVOKED LCBF IN DIFFERENT LAYERS OF RAT
BARREL CORTEX. Yu. Moskalenko. C.M. Rovainen. T.A. Woolsey.

SYNCHRONIZATION OF EEG ACTIVITY IN CEREBRAL CORTEX BY
STIMULATION OF NUCLEUS TRACTUS SOLITARII (NTS) IN RAT:
COUPLING TO CEREBRAL BLOOD FLOW AND MEDIATION BY ROSTRAL
VENTROLATERAL MEDULLA (RVL). E.V. Golanov* & D.J. Reis. Dept.
Neurol. & Neurosci., Cornell Univ. Med. Coll., New York, NY 10021.
Electrical stimulation of NTS in cat synchronizes EEG activity (Magnes et
al., Arch. Ital. Biol. 99:33, 1961). We investigated whether NTS stimulation in
rat elicits a comparable response, if it is mediated through RVL and is coupled
to the changes in cerebral blood flow (rCBF) mediated by that nucleus
(Golanov & Reis, J. Cereb. Blood Flow Metab. 14:492, 1994). Rats were
anesthetized, spinalized and ventilated while monitoring electrocorticographic
activity (ECoG). rCBF was recorded by laser-Doppler flowmetry. Electrical
stimulation of NTS (50 Hz, 5 sec, 50 mA) globally synchronized ECoG activity
within 1 sec and increased, for 30-60 sec, the powers of the 4-5 Hz and 8 Hz
components by >100% (p<0.01) (as assessed by fast-Fourier transformation,
FFT). rCBF was increased within 1 sec, reached maximum (8+1%; p<0.05) by
4-5 sec and declined with ECoG recovery. The stimulus-response

D-Liu. V. Sememia. N. Malisheva. W.M. Landau*. Sechenov Institute
of/for Evolutionary Physiology and Biochemistry, Russian Academy of
Science(s), St.Petersburg, Russia and Departments of Neurology &
Neurological Surgery and Cell Biology & Physiology, Washington
University School of Medicine, St.Louis, MO 63110.
Dynamic changes in local cerebral blood flow (LCBF) were monitored
simultaneously in cortical layers l-lll and IV-V by H2 clearance. Three Pt
electrodes with diameters of 40-60pm and 150-200pm exposed lengths
were inserted at 25-30° to the pia in whisker barrel cortex targeted by
intrinsic signals in rats anesthetized with 1g/kg urethane. H2 was
generated steadily from the middle electrode; the changes in PH2 were
recorded at the upper and lower electrodes. Resting LCBF levels
determined by clearance after H2 inhalation were 20-30% higher in the
middle than superficial layers. Single, rows, or all contralateral whiskers
were stimulated mechanically at 3 Hz for 1 min for 5 trials which were
averaged. In many cases there was an initial decrease in apparent
LCBF. Increases in LCBF up to 30-35% were larger in middle layers.
These results are consistent with a model for blood flow regulation in
which layer IV afferent stimulation initiates LCBF increases.
Supported by NIH Grants TW 00047, NS 28781 and HL 41075, the McDonneff Center for
Studtes of Higher Brain Function and an award from the Spastic Paralysis Foundation of the
liliroxs-Eastem Iowa District of the Kiwanis International.
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characteristics of ECoG and rCBE were comparable (optimal frequency at ~5O
Hz and threshold currents at ~20 mA) with active sites located in commissural
NTS. Electrical or chemical stimulation of RVL elicited comparable but more
potent effects: ECoG synchronization was accompanied by increases in the 4-6
Hz and decreases in the 1-3 Hz-components (p<0.01) and rCBF was elevated
by 18+3% (p<0.01). The active zone in RVL was caudal to the
sympathoexcitatory region and bilateral electrolytic lesions therein blocked the
synchronization of ECoG and elevation of rCBF elicited from NTS. We
conclude: (a) excitation of eommissural NTS synchronizes the ECoG and
coordinately elevates rCBF; (b) the responses result from excitation of neurons
in a subzone of RVL; (c) the pathway may be relevant to some behaviors
elicited by natural stimulations of visceral afferents and intrinsic neurons of
RVL.
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PRACTICAL INTRACRANIAL ANEURYSM
HEMODYNAMICS
D.J. Vincent* and J.A. Horton.
Department of Radiology, Med. Univ. of S. Carloina,
Charleston, SC 29425
To identify the basic underlying principles governing
aneurysm hemodynamics, we examined flow patterns
in viscoelastic aneurysm models. A pulsatile pump
provided realistic flow, and injected food coloring
marked flow streams. Each model has several
aneurysms in series, and they differ by a single
variable—either diameter of aneurysm or relative
width of neck. This permitted us to make direct,
comparisons. We found that angular flow velocity
varies inversely with aneurysm diameter; we also
found that in aneurysms of similar size, the one with
the wider neck will have more rapid angular flow.
These results suggest roughly quantitative rules that
govern the speed and turbulence of flow within
aneurysms. They also have implications regarding
aneurysm hemorrhage and growth.

REGIONAL CEREBRAL 'DEOXYGLUCOSE UPTAKE
IN PREWEANLING RATS UNDER CONDITIONS
OF BEHAVIORAL ACTIVATION. M. W. Lilliquist*. F.
Gonzalez-Lima. & A. Amsel. Dept. of Psychology & Institute
for Neuroscience, University of Texas at Austin, Austin, TX
78712.
A previous report of regional deoxyglucose (2DG) autoradiography in freely moving rats (Nehlig et al., 1988) revealed a
developmental pattern from low and uniform rates of 2DG
utilization in preweanling animals to higher and more heterogeneous rates in adult animals. Importantly, animals in this
previous study were maintained in a small holding box
throughout the 2DG uptake period. We report 14C(U)-fluorodeoxyglucose (FDG) uptake values in preweanling animals under
conditions ’ of behavioral activation: appetitive learning in a
straight-alley runway under different schedules of reinforcement.
Under these conditions, we find significant heterogeneity of FDG
uptake, revealing far greater differentiation of metabolic indices
from low-activity regions to high activity regions. Methodological differences between the present and previous studies,
which may contribute to the different findings, will be presented.
It is suggested, however, that the relationship between regional
cerebral metabolic activity and behavioral maturation may be
better reflected under conditions of behavioral activation. Similar
findings concerning resting vs. active state in human brain
imaging studies will be discussed. (Supported by NIH grants
RO1MH43353 and AA07052.)

656.15

656.16

POTENTIATION OF INTERSTITIAL ADENOSINE WITH NITROBENZYLTHIOINOSINE (NBTI) AMERLIORATES DELAYED CORTICAL
HYPOPERFUSION FOLLOWING GLOBAL CEREBRAL ISCHEMIA IN
THE PIGLET. Y.B. Kim. T.S. Park. E.R. Gonzales. A.R. Shah. M.J.

ELEVATION OF CYTOKINES IN THE CSF OF THE PATIENT WITH
VASOSPASM AFTER SUBARACHNOID HEMORRHAGE. M Suzuki*, T
Mase, M Sohma, K Miura, M Doi, A Kudo, N Kubo, K Kuroda, A Oaawa, S
Endo and K Inada
Depts Neurosurg, Bacteriology, and Crit care & Emreg
Center, Iwate Med. Univ., Morioka 020 Japan
It has been focused that inflammation occurs in the CSF space after
subarachnoid hemorrhage (SAH), and causes delayed vasospasm (VS). To
clarify the detail of this mechanism, we analyzed cytokines (TNF, IL-6, IL-8,
IL-1 p, IL-1 RA) and soluble component of the adhesion molecules (ICAM-1,
VCAM-1, ELAM-1) in the CSF and blood. Clinical materials were ten patients
of severe SAH. CSF and blood were obtained 3 times simultaneously (day
3-5, 7-9,12-14) after the onset. VS was diagnosed with angiography and
neurological symptoms.
IL-6, IL-8, IL-1 p, IL-1 RA were significantly higher in the CSF than in the
blood (p<0.05). IL-6 and IL-1 RA was higher in the CSF of the patients with
VS (p<0.05) during day 7-9 than the VS negative patients. Besides, IL-1 RA
was also higher in the blood of the VS patients in the same period (p<0.05).
The value of the adhesion molecules were significantly higher in the blood
than in the CSF at any sampling points, but no relation was found to VS.
Unique behavior of cytokines, especially IL-6 and IL-1 RA, indicates the
presence of specific inflammation in the CSF milieu. Elevation of the
adhesion molecules in the blood may not contribute provocation of the
inflammation in the CSF. Although the sources of IL-6 and IL-1 RA in the
CSF are still unknown, understanding of the initiation of the inflammation in
the CSF following SAH may open the therapeutic window for the prevention
of VS.

Noetzel*. J.M. Gidday. Departments of Neurology and Neurological Surgery,
Washington University School of Medicine, St. Louis, MO 63110
A period of delayed hypoperfusion characterizes reperfusion (RP) following
transient global cerebral ischemia. Concomitantly, reactivity of the cerebral
vasculature to many physiologic and pharmacologic stimuli is impaired. We
tested the hypothesis that increases in cerebral blood flow (CBF) during RP
could be realized by augmenting endogenous adenosine (ADO), a potent
cerebral vasodilator. Microdialysis probes containing platinum wires for
measurement of local CBF by hydrogen clearance were inserted bilaterally
into the cortex of 9 isoflurane-anesthetized newborn pigs. One probe was
perfused with the ADO transport inhibitor NBTI (100pM in mock CSF at 2
gl/min), the other with mock CSF alone. Measurements of [ADO] (^M) and
CBF (ml/min/100g) were determined at 20-min intervals during RP following
10-min of global cerebral ischemia induced by ligation of brachiocephalic and
subclavian arteries. The table shows that both ADO and CBF were reduced
during post-ischemic RP, but [ADO] elevation by NBTI lessened the extent of

[ADO] (control)
[ADO] (NBTI)

CBF (control)
CBF (NBTI)

40-60 min RP

Baseline

20-40 min RP

1.4410.17

0.83±0.U *

0.74±0.08 *

3.45±0.67 f

2.67±O.74 f

1.89±0.24 *f

39±3

19±3 * (-51%)

22±2 * (-42%)

6O±4 f

43±3 *f (-88%)

45±3 *f (-24%)

These results suggest that adenosine can improve post-ischemic tissue
perfusion, and, in so doing, may contribute to its neuroprotective effect.

656.17

656.18

ANGIOGENESIS ACCOMPANIES MAST CELL PROLIFERATION IN
EXPERIMENTAL NEUROMAS. C. Nauven. T.E. Feasby*.
D.W. Zochodne University of Calgary, Calgary, Canada T2N 4N1
We studied changes in local blood flow, mast cells and blood vessel
anatomy in experimental sciatic nerve 'neuromas' of rats (created by
sectioning of the midsciatic nerve and resection of the distal nerve and
its branches to prevent regeneration). In previous work, we reported
that rises in blood flow of early (48 hour) sciatic neuromas were
mediated by local CGRP (calcitonin gene-related peptide) accumulation
with vasodilation whereas persistent rises in blood flow at later time
points (14 days) were not associated with CGRP. In this work, we
studied the vascular anatomy of experimental neuromas by infusing,
through a femoral catheter, anaesthetized rats with gelatinized India
ink prior to euthanasia. Neuromas and intact contralateral nerves were
then removed, frozen and sectioned unfixed. Numbers and areas of
individual perfused vessels in transverse section were measured using
a computerized image analysis setup. Starting at 7 days following
neuroma creation, multiple thin walled perfused microvessels were
noted, most prominently in the loose connective tissue around the
outside of the neuroma. The size and multiplicity of these perfused
vessels indicated angiogenesis with vascular proliferation. Similar
findings were not observed in contralateral intact nerves, shamexposed nerves, or 'neuromas' at earlier time points. These
microvascular changes paralleled rises in transverse nerve area, and
mast cell numbers, density and degranulation from previous work.
Persistent rises in local blood flow of experimental neuromas are
associated with a proliferative cellular response involving microvessels,
mast cells and likely other tissue elements.

•LOCAL CEREBRAL GLUCOSE USE IN RETINOFUGAL TARGETS AFTER
PARTIAL AND TOTAL RETINAL DEAFFERENTATION: A 2-DG STUDY.
• U.SchmittL B.A. Sahel*, R. Cross*. F.E. Samson* and T. Pazdemik** +Inst.
Med. Psychol., Univ. Magdeburg, Germany. *R.L. Smith Res. Cent. Univ.
Kansas Med. Ctr., Kansas City, KS 66160.
• Rats given an optic nerve crush partially regain metabolic activity in
retinofugal targets despite a 90% loss of retinal ganglion cells. Thus, there is
either some restoration of information transfer from retina to brain or there
is an adaptation such that visual function occurs with less information
transfer. The 2-[14C]deoxy-glucose technique was used to determine local
cerebral glucose use (LCGU) as an assessment of information transfer from
retina to brain visual centers. Male adult Long Evans rats were given a mild
crush (6/group) or cut (3/group) to the right optic nerve and LCGU was
assessed 2, 9 or 8 (cut) days later. The LCGU procedure was determined
during stimulation with a flasing strobe-light and rotating bar pattern with
or without physostigmine (3(XOg/'Kg; i.m.), a cholinesterase inhibitor known
to activate retinocollicular pathways. Quantitative analysis of LCGU
autoradiograms according to the Sokoloff equation from rats 2 days after
crush revealed a marked reduction in LCGU in all retinofugal targets. There
was some restoration of LCGU at 9 days after crush and at this time there was
not a statistically significant difference from values 8 days after the cut.
Physostigmine treatment enhanced suppression of retinal driven metabolic
activity and, therefore, the increase in glucose metabolism between day 2 and
9 was greater. These results provide evidence that LCGU in retinfugal targets
is partially restored due to relief of an early lesion dependent depression of
neuronal activity (Diaschisis).
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PHYSIOLOGY AND BIOCHEMISTRY
656.20

ISCHEMIA ALTERS CEREBROVASCULAR K+ CHANNEL
FUNCTION IN PIGLETS. D. W. Busija*. and T. M. Louis.
Dept. of Physiol./Pharmacol., Bowman Gray School of
Medicine, Winston-Salem, NC 27157, and Dept. of Anat./Cell
Biology, East Carolina University, Greenville, NC 27858.
Previous studies have shown that ischemia alters ion channel

function in cortical neurons in piglets (AJP: 265; H389). The
purpose of this study was to examine the effects of ischemia on
ATP-sensitive K+ channels in cerebral arterioles. In anesthetized

piglets equipped with cranial windows, we examined arteriolar
responses to aprikalim (APK) (an ATP-sensitive K+ channel
agonist) prior to and following 10 minutes of total global
ischemia. Ischemia was induced by increasing intracranial
pressure. Under control conditions, APK dilated arterioles by
7±1% and 24±4%o at 10'8M and
respectively (n=6).
Coapplication of glibenclamide (10'5M; n=9) blocked dilation to
APK. Following ischemia (n=6), arteriolar dilation to 10^M
APK was reduced to 8±4% (P<0.05) at 1 hr and l6±3%
(P < 0.05) at 2 hrs post-ischemia. In other animals, pretreatment with indomethacin (5mg/kg, iv), which blocks superoxide
anion production in cortex, prevented attenuation by ischemia of
arteriolar dilation to APK. We conclude that ischemia alters
function of vascular K+ channels probably via effects of oxygen
radicals. Supported by HL 30260, HL 46558, & HL 50587.

DECREASED SENSITIVITY OF CEREBRAL CELLULAR ENERGY STATE
TO HYPOXIA IN MICE FED A CREATINE ANALOGUE. D Holtzman*, R
Meyers, E O'Gorman, T Wallimann. Children's Hospital, Boston, MA and Swiss
Federal Inst, of Technology (ETH), Zurich, Switzerland.
The maturational increase in brain creatine kinase (CK) catalyzed reaction rate in
vivo is temporally associated with the appearance of close coupling of the
phosphocreatine (PCr) and ATP losses in the hypoxic mouse or rat brain (Holtzman
et al., Dev. Neurosci., l993;l5: 261-270). Feeding the creatine transport inhibitor,
B-guanidinopropionic acid (GPA), reduces brain CK catalyzed fluxes to the rates seen
in the immature mouse (Holtzman et al., Brain Res 1989 483: 68-77) and doubles the
brain cytosolic CK isozyme. Therefore, brain CK catalyzed reaction rates and
isoenzyme activities were measured in mice fed GPA (2% by weight in standard
chow) for at least three weeks starting at age 35 days. Controls received the chow
without GPA. 31P NMR spectra and saturation transfer measures of CK catalyzed
flux from PCr to ATP were acquired before, during, and after 7 min of hypoxia (6%,
4%, or 2% inspired 02). Brain PCr/nucleoside triphosphate (NTP) ratios and pH
values were the same in control and GPA fed mice. Brain CK catalyzed reaction rate
constants were about 40% lower in GPA fed mice than in controls (p < .05). Total
brain CK activity doubled in mice fed GPA for 12 weeks. At each degree of
hypoxia, deaths were higher in control than in GPA fed mice (6% 02, no deaths;
4%, GPA 0/6 died, controls 2/6 died; 2%, GPA 1/6 died, controls 3/6 died). AT
4% 02 GPA fed mice showed no losses of PCr or NTP while surviving control
animals showed 40-60% losses of PCr. In conclusion, feeding GPA reduces
sensitivity to hypoxic death and to losses of brain high energy phosphates. Two
hypotheses for these effects are: (1) the additional phosphagen represented by PCr
plus GPAP provides more effective coupling of+ ATP synthesis and demand or (2)
metabolic adaptations to the Cr analogue also is adaptive to hypoxia. (Supported by
NINDS NS2637l).

656.21

RELATIONSHIP
BETWEEN
FUNCTIONAL
AND
STRUCTURAL
ABNORMALITIES IN GERTSMANN-STRAEUSSLER-SCHEINKER DISEASE,
INDIANA KINDRED (GSS-IK). G. D.Hutchins. M.R. Farlow, S. R. Dlouhy. P.
Piccardo. B. Ghetti*. Indiana University School of Medicine, Indianapolis, IN 46202
The relationship between functional and neuropathologic abnormalities in a patient
with GSS-IK and a mutation at codon 198 of PRNP was studied. The patient was a 60
year old female with a twelve year history of progressive dementia, ataxia and
Parkinsonism. A quantitative Positron Emission Tomographic (PET) study of brain
glucose metabolism was performed, using 2-[F-18]Fluoro-2-Deoxy-D-Glucose
(FDG), seven weeks prior to the patient's death. For neuropathologic studies, serial
sections of the left cerebral and cerebellar hemispheres were immunolabeled with
antibodies to prion protein (PrP) and Tau protein to assess PrP and PrP-amyloid
deposits as well as presence of neurofibrillary tangles. Serial 10 pm thick sections
were stained with haematoxylin-eosin and automatically aligned (using a 2-D
registration algorithm) with adjacent 10 pm anti-PrP immunostained sections. The
ratio of the area of immunostained PrP (exceeding 25% threshold of the maximum
PrP accumulation in a brain slice) to the area of the cortical or subcortical structures
determined on the H&E stained slices was used as an index of PrP deposition.
Glucose metabolism was dramatically decreased relative to control subjects
throughout the brain. The highest metabolic rates were observed in the calcarine
cortex and basal ganglia (4.6 and .4.3 mg/100g/min, respectively). The remainder of
the cortical structures and cerebellum had uniformly depressed metabolic rates (range
3.0-3.5 mg/100g/min). The PrP index was highest in the basal ganglia (PrP index
range 0.60-0.99) and frontal and parietal lobes (PrP index range 0.4-0.74) with lower
levels of accumulation in the temporal and occipital lobes (PrP index range 0.080.45). All metabolically impaired regions of the brain demonstrate severe PrP and
PrP-amyloid deposits, suggesting a relationship between the functional and structural
abnormalities. (Supported by PHS Grant NS 29822).
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CLOMIPRIMINE PRETREATMENT BLOCKS THE DEVELOPMENT OF
SCHEDULE-INDUCED POLYDIPSIA IN RATS. B. Knutson and J.
Panksepo*. Department of Psychology, Bowling Green Univ., Bowling Green,
OH 43402.
In schedule-induced polydipsia (SIP), hungry rats drink excessive amounts of
water when administered small food pellets on a fixed interval schedule. Because
of its' strong motivational component and excessive nature, SIP has been
proposed as an animal model of obsessive-compulsive disorder (OCD). In
Experiment 1, we tested whether acute administration of the antiobsessional
drug clomiprimine (CMI) could block the development of SIP over seven days.
Two experimental groups of rats participated in daily SIP trials, during which
they received 60 mg Noyes pellets at fixed intervals of 180 s over the course of
an hour. A third central group did not undergo the SIP procedure, but their water
intake was monitored. The first experimental group (n = 6) received an
intraparietal injection of 5 mg/kg CMI 30 minutes prior to each SIP trial (the
CMI-SIP group), while the second experimental group (n = 6) received an
injection of vehicle 30 minutes prior to each SIP trial (the VEH-SIP group).
The control group also recceived an injection of VEH 30 minutes prior to the

DISSOCIATIONS
IN
HIPPOCAMPAL
5-HYDROXYTRYPTAMINE
RELEASE FOLLOWING PAVLOVIAN AVERSIVE CONDITIONING TO
DISCRETE AND CONTEXTUAL STIMULI. L.S. Wilkinson, T. Humby.
A.S. Killcross. T.W. Robbins and B.J. Everitt. SPON: Brain Research
Association. Department of Experimental Psychology, University of
Cambridge, Cambridge CB2 3EB, U.K.
The experiments examined the release of 5-hydroxytryptamine (5HT) in
the hippocampus of freely-moving rats following pavlovian aversive
conditioning to discrete and contextual stimuli. Differential conditioning
was achieved by manipulating the interval between the offset of a
discrete auditory “clicker" stimulus (CS+) and the onset of a footshock
reinforcer. Footshock occurred either simultaneously with the last second
of the CS+ (in short trace subjects) or 60 seconds later (long trace
subjects). In this way, subjects were conditioned to the discrete stimulus
or background “contextual" stimuli, respectively. During conditioning
subjects also received two unpaired visual stimuli (CS-). At test,
dialysates were collected as all animals experienced: (i) the aversive and
two other “neutral" environments and (ii) the CS- and CS+, presented in
both aversive and neutral environments. Exposure to the aversive (but
not either of the two neutral environments) increased hippocampal 5HT
release in both short and long-trace subjects, but to a significantly greater
extent in the latter. In contrast, hippocampal 5HT release was unaffected
by presentation of the CS+ or CS- under all conditions. These data do not
agree with the hypothesis that aversive cues generally activate 5HT
function. Instead, they suggest a degree of specificity whereby 5HT
afferents terminating in particular target structures are differentially
activated depending on the nature of, and the extent of conditioning to,
the aversive stimulus - in the case of the hippocampus, by contextual and
not discrete cues predictive of aversion.

hour-long measurement period (the VEH-CONT group). Water intake of all
groups during the experimental procedure was measured. While the VEH-SIP
group consumed increasing quantities of water over the course of the week, the
CMI-SIP group remained at the same low levels of water intake as the VEHCONT group. In a follow-up experiment two weeks later, the CMI-SIP and
VEH-SIP groups participated in fourteen more days of the SIP procedure, this
time without any pharmacological pretreatment. The CMI-SIP group took a full
10 days for drinking levels to rise to that of the VEH-SIP group. We are
presently analyzing SIP as a function of central serotonin. These findings
implicate a serotonergic mechanism in compulsive behaviors and suggest that
CMI may prove a viable alternative to neuroleptics in the treatment of
polydipsia seconds^ to schizophrenia in humans.
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INTRA-LATERAL HYPOTHALAMIC INJECTIONS OF LOW
DOSES OF KAINIC ACID ELICIT LOCOMOTOR ACTIVITY.
M.R. Pitzer* and D. Wirtshafter. Department of
Psychology, University of Illinois at Chicago,
Chicago, Il 60607.
Injections of L-glutamate into the lateral
hypothalamus (LH) has been shown to elicit
coordinated locomotor activity in the rat. The
present study assessed the efficacy of infusing
low doses of the L-glutamate analogue kainic
acid (KA) into the LH of the awake freely moving
adult rat.
Bilateral injections of stimulatory doses of
KA (0, 5, 10, 20 or 4Ong/0.5ul) produced dose
dependent increases in locoaotor activity which
lasted for more than an hour.
Moreover,
locomotor activity counts, as measured in
locomotor photocell boxes, did not differ when
KA was injected at one of three separate rostrocaudal LH levels.
These results, which are similar to those
following L-glutamate injections, suggest that
the activation of KA receptors throughout the
rostro-caudal extent of the LH is capable of
inducing hypermotility in a dose-dependent
fashion in the awake adult rat.
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657.4
THE ROLE OF GALANIN IN THE VENTRAL TEGMENTUM FOR THE
EXPRESSION OF DEPRESSION. M.K. Demetrikonoulos*. A. J. . Turner.
R.W. Bonsall, C.H.K. West. & J.M. Weiss. Dept. of Psychiatry, Emory
University, Atlanta, GA 30306.
Burst firing of locus coeruleus (LC) neurons, as occurs during stress, causes
release of galanin from terminals in the ventral tegmental area (VTA). It is
hypothesized that galanin plays a role in depressive symptomatology by
inhibiting activity of VTA dopaminergic (DA) neurons. The present study
examined motor activity in a novel environment and a swim test following

galanin infusion into the VTA. Experiment 1 utilized male Sprague-Dawlcy rats
which had been selectively bred to struggle during a swim test. Awake subjects
received a bilateral infusion (3.0 pg in 3.0 pl/side over 6 min) of galanin, heatinactivated galanin, or artificial CSF vehicle. Following infusion, subjects were
placed in a novel environment (plexiglas box 16 x 20 in) equipped with infrared
beam sensors which recorded spontaneous locomotor activity and rearing for 40

min. Galanin reduced ambulation (p<.01) and rearing behavior (p<.01)
compared to controls. Immediately following the exploratory task, subjects were
exposed to a 15 min swim test. Galanin did not affect struggling activity of
experimentally naive subjects, but reduced struggling in a sub-set of the subjects
that had been swim-tested previously (p<.01). Experiment 2 tested nonstruggle-selected male Sprague-Dawley rats in the swim-test immediately
following galanin infusion. Infusion of galanin into VTA resulted in increased
floating behavior in these subjects (p<.04). Overall, these data suggest that
galanin infusion into VTA results in decreased motor activity and suggest a
mechanism for mediation of depressive symptomatology through interaction of
the LC with the VTA DA system.

657.5

657.6

ACTIVATION OF CHOLINERGIC CELLS IN THE
PEDUNCULOPONTINE TEGMENTAL NUCLEUS PRODUCES
AVERSION, NOT REWARD. R. Mehta and K.B.J. Franklin*
Department of Psychology, McGill University, Montreal, Quebec,
Canada, H3A 1Bl.
The pedunculopontine tegmental nucleus (PPTg) has been found to
play a critical role in the rewarding effects of morphine and
amphetamine, as demonstrated in the conditioned place preference (CPP)
paradigm. This nucleus is a major source of cholinergic projections to the
substantia nigra and is believed to mediate activity of dopamine neurons.
The firing rate of cholinergic neurons in the PPTg is regulated by
autoreceptors that can be blocked by muscarinic antagonists to increase
cell firing. Thus, microinjection of muscarinic antagonists into the PPTg
elicits behaviours characteristic of dopamine cell activity, such as circling.
If the role of the PPTg in reward is to modulate dopamine neurons
involved in reward, a muscarinic antagonist injected into the PPTg should
be rewarding. To test this hypothesis, scopolamine methyl bromide (5
pg/pL to 20 pg/pL) or 0.9% saline, intra-cranially injected into the PPTg,
were used as reward treatments in a balanced CPP paradigm (3 pairings).
On the test day, rats treated with scopolamine methyl bromide showed a
significant conditioned place aversion, suggesting that activation of
cholinergic cells in the PPTg is not involved in reward.

THE NEUROCHEMICAL ORGANIZATION OF EMOTIONAL
TOLERANCE IN AN AVIAN MODEL.

G . Bemroider *. M. Waldhor and B. Minnieh, Institute for Zoology,
University of Salzburg, Austria
Various forms of emotionally guided learning behaviour carry
an intense steroidal and peptidergic-opioid component. Io addition,
evidence from chronic opiate application studies suggests a behavioural
equivalence to some neural mechanisms inducing states of tolerance and
dependence. Using a precocial avian model (naive, day-old quail
chicks), we show that visually guided social learning is reflected by a
gradual return of aversive behavioural reactions such as distress
vocalizations, to a pre-disposed level of discomfort in course of chronic
‘comforting’ exposures. This parallels neural mechanisms underlaying
the acquisition of tolerance to chronic drug exposure. Acute
‘withdrawal effects’ are behaviourally reflected by isolation induced
protest vocalizations (DV) following social isolation. These findings are
accompanied by a close association of opiate receptor organization with
levels of behavioural expressions. [3H]-etorphin binding to quail
brainstem tissue is identified as the neural substrate responsive to
steroid driven organizational differences in the expression of
deprivation effects. Io addition, the major noradrenergic sources such
as locus coeruleus neurons, show congruent changes in NA turnover
rates with respect to different levels of behavioural tolerance. Our
model of early social learning addresses substrates of psychotropic drug
addiction as adaptive components within a system facilitating social
orientation.

657.7

657.8

MESOLIMBIC DOPAMINERGIC NEURONS AND AFFECTIVE PERCEPTION :
INVOLVEMENT OF AMYGDALA- NUCLEUS ACCUMBENS INTERACTIONS.
A. Louilot* and C. Besson. INSERM U. 259 - Universite de Bordeaux II - Domaine
de Carreire - 33077 Bordeaux Cedex - France.
We demonstrated previously that the responses of mesolimbic dopaminergic
(DAergic) neurons to an appetitive or to an aversive stimulus are opposite in the left
core part of the nucleus accumbens (ACC). Anatomical and functional relationships
between the amygdala and the ventral striatum have been reported. In the present
work, we tested the hypothesis that the DA responses to the affective value of a
stimulus are dependent on the basolateral nucleus of the amygdala (BLA).
The DAergic reactivity was studied using the voltammetric measurements of DA
in the ACC of freely moving male rats. Selective detection of the DA signal was
obtained by the computed numerical analysis of the catechol signal. Experimental
procedure was as following: animals were placed during one hour in the
experimental cage; they were thus exposed for one hour to an appetitive olfactory
stimulus (banana) and received consecutively either an injection of saline (NaCl
0.9%) (control group) or an injection of LiCl (0.15M) (experimental group) and

BLOCKADE OF NON-NMDA RECEPTORS IN THE NUCLEUS ACCUMBENS
SHELL AND VENTROMEDIAL STRIATUM ELICITS INTENSE FEEDING IN
RATS. C.S. Maldonado-Irizarry*. C.J. Swanson. A.E. KELLEY. Dept. of
Psychiatry, University of Wisconsin-Madison Medical School, Madison, WI53705
The present studies investigated the role of glutamatergic inputs within the
ventromedial striatum in ingestive behavior. Local microinfusion of the
AMPA/kainate antagonists DNQX, CNQX and NBQX (0, 0.25, 0.75 pg
bilaterally) into the shell subregion of accumbens resulted in an immediate,
pronounced feeding response (in sated rats) that was dose-dependent. Infusion of
equimolar doses of DNQX into the core subregion, 0.8 mm lateral to the shell site,
did not induce feeding. The feeding response proved to be pharmacologically
selective in that infusion of NMDA antagonists AP-5 and MK-801 into the
accumbens shell did not affect feeding behavior. Systemic pre-treatment with
naloxone did not affect the feeding response to Dn Qx infusion into the shell;

stayed one more hour in the experimental cage; 72 h later animals were again
exposed for one hour to the conditional olfactory stimulus (CS). Two hours before
the second exposition to the CS animals received either a microinjection of
phosphate buffered saline (PBS) or a microinjection of tetrodotoxin (TTX) in BLA.
The following results were obtained : during the 2nd presentation of the CS an
increase of about 120% above the baseline was observed in the control group+PBS
whereas DA signal decreased rapidly of about 25% in the experimental group+PBS;
in the control group+TTX no significant change in DA release was observed
whereas in the experimental group+TTX the olfactory stimulus induced a rapid
increase of about 50% above the basal level.
The results of the present study strongly suggest that BLA is directly involved in
the perception of stimulus presenting an appetitive value and that other structures
interact with the BLA for the perception of the stimulus as aversive.
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however, feeding was reduced upon systemic administration of D1 and D2
antagonists. Furthermore, concurrent injection of the GABA agonist muscimol
into the lateral hypothalamus, a major target of shell efferents, abolished the
response. A mapping study of further striatal sites indicated that no feeding was
elicited from ventrolateral, posterior dorsal, anterior dorsal, and dorsomedial sites
following DNQX infusion. However, a significant feeding response was obtained
from the ventromedial, caudate, just posterior to the accumbens. The most sensitive
site thus far examined was the posterior accumbens shell. Animals infused with a
low dose of DNQX (50 ng) into this region showed a striking feeding response.
These data suggest that AMPA/kainate receptors in the accumbens shell, and
perhaps neighboring ventromedial striatal regions, play a critical role in ingestive
behavior, perhaps via the lateral hypothalamus.
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NMDA ANTAGONIST AP5 BLOCKS THE ANXIOGENIC EFFECT AND
LACTATE INDUCED PHYSIOLOGICAL AROUSAL CAUSED BY
CHRONIC GABA DYSFUNCTION IN THE DORSOMEDIAL
HYPOTHALAMUS OF RATS. A.Shekhar* and S.R.Keim Dept. of
Psychiatry, Indiana Univ. Med. Center, Indianapolis, Indiana 46202.
The present study was conducted to test if the panic-like state
caused by chronic dysfunction of GABA inhibition in the dorsomedial
hypothalamus (DMH) is due in part to increased N-methyl-D-aspartate
(NMDA) receptor mediated excitatory tone and therefore can be blocked
by acute injection of the NMDA antagonist AP5. Rats were fitted with
femoral arterial and venous catheters and baseline response in the social
interaction (SI) test of anxiety as well as heart rate (HR) and blood
pressure (BP) responses to sodium lactate infusions (10 ml/Kg i.v.) were
obtained.
Unilateral, chronic injection cannulae connected to a
detachable Alzet infusion pump filled with the GABA synthesis inhibitor
1-allylglycine (1-AG; 3.5 nmoles/0.5ul/hr) were implanted into the DMH.
After 4 days, rats were tested in SI and with i.v. lactate infusions to
establish the development of anxiety and increased HR and BP responses
to lactate. On days 6 and 7 of 1-AG infusions into the DMH, after
injection of either artificial cerebrospinal fluid (a-CSF) or the NMDA
antagonist AP5 (100 pmoles/ 100 nl) into 1-AG infusion site in the DMH
in random order, rats were once again tested in SI and with i.v. lactate
infusions. Injecting AP5 and not a-CSF into the DMH significantly
blocked the chronic GABA dysfunction induced anxiogenic effect and
lactate response, suggesting an increased NMDA mediated excitatory
neurotransmission in this region (Supported by MH 45362).

MUSCARINIC RECEPTORS IN THE NUCLEUS ACCUMBENS MEDIATE A
REINFORCING EFFECT. S. Ikcmoto*, B. S. Glazier, J. M. Murphy, & W. J,
McBride. Dept. of Psychiatry, Inst. of Psychiatric Res., Indiana Univ. Sch. of Med.
and Dept. of Psychology, Purdue Sch. of Sci., IUPUI, Indianapolis, IN 46202.
The nucleus accumbcns (NAC) has been known to be an important brain
region for participating in reinforcement processes. Thus far, few studies have
examined the possible involvement of the cholinergic NAC system in reinforcement
processes. Therefore, the present study was undertaken to determine, using an
intracranial self-administration technique, if activation of NAC muscarinic receptors
produces reinforcing effects. A unilateral 22-ga guide cannula was stcreotaxically
implanted in adult female Wistar rats and aimed at the NAC. After at least one week
of recovery, animals were given the opportunity to self-administer a carbachol
solution (n = 6) or its vehicle (n = 5) into the NAC. The testing chamber was
equipped with two levers; the depression of one lever (active) delivered 100 nl of a
3.28 mM carbachol solution or artificial cerebral-spinal fluid (aCSF), while the
depression of the other lever (inactive) had no programed consequence. No cue or
shaping method was employed. During the 3-hour test period, the animals receiving
the carbachol solution had significantly more self-infusions (p = 0.002) than did the
aCSF group (27.8 ± 3.6 v.s. 10.0 ± 1.6 total infusions for carbachol and vehicle
animals, respectively). The number of responses on both the active and inactive
levers for the carbachol subjects was significantly higher (p = 0.03) than that for
vehicle animals. Carbachol subjects responded on the active lever significantly more
(p < 0.001) than they did on the inactive lever (88.7 ± 15.9 v.s. 48.5 ± 15.4 total
responses for active and inactive levers, respectively). Vehicle animals did not
discriminate between the two levers (27.4 ± 7.1 v.s. 22.6 ± 6.4 total responses for
active and inactive levers, respectively). The present results suggest that activation of
muscarinic receptors in the NAC produces a reinforcing effect (AA 09619, AA
08553).

657.11
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BOVINE GROWTH HORMONE (bGH) TRANSGENIC MICE DISPLAY
INCREASED SPONTANEOUS LOCOMOTOR ACTIVITY AND LOCOMOTOR
STIMULATORY RESPONSE TO d-AMPHETAMINE B Sflderoalm*. R. Seiberlich.
J.A, Engel and J. TOmell. Inst. of Physiol. and Pharmacol., Dept. of Pharmacol.,
GOteborg University, Medicinaregatan 7,4 -3 90 GOteborg, Sweden.
Recent clinical and animal data indicate a role for growth hormone (GH) in mechanisms related to anhedonia/hedonia, psychic energy and reward. Thus, GH substitution
in GH-deficient patients has marked positive effects on the general well-being, psychic
energy and drive. Moreover, GH-deficient patients are less frequent smokers than agematched controls, whereas bovine growth hormone (bGH) transgenic mice show
increased preference for ethanol and nicotine over water in free-choice models.
In the present experiments we have investigated whether bGH transgenes and controls differ in spontaneous locomotor activity (LMA), a behavioral response related to
brain dopamine (DA) and reward mechanisms, as well as in LMA response to drugs of
abuse known to interfere with brain DA systems.
The mice were tested for LMA in activity boxes once a week for five weeks. When
first exposed to the test-apparatus bGH animals displayed significantly more LMA
during the entire registration period (1 h). One week later the animals received an acute
saline injection before being placed into the apparatus. Again bGH transgenes
displayed more LMA, but only during the first 30 minutes of the recording period. At
the third test occassion all animals received d-amphetamine (1 mg/kg, i.p.). bGH transgenic mice were significantly more stimulated by d-amphetamine than non-transgenes
during the entire test-period (1 h). At the fourth and fifth test occassions the animals
received ethanol (2.5 g/kg, i.p.) and nicotine-di-tartrate (0.5 mg/kg, s.c.), respectively,
and tendencies for larger LMA responses in the bGH transgenes were observed.
In conclusion, bGH transgenic mice display more spontaneous LMA than nontransgenic controls, and, possibly, also a disturbed habituation process. The finding
that bGH mice were also more sensitive to d-amphetamine-induced LMA may suggest
that the behavioral differences observed are related to differences in brain DA systems;
indicating a hyperresponsiveness of these systems in bGH transgenes. These findings
may be of relevance for the reported psychic effects of GH in humans.

FACILITATED ACQUISITION OF SEXUAL BEHAVIOR IN MALE
RATS FOLLOWING d-AMPHETAMINE-INDUCED BEHAVIORAL
SENSITIZATION Dennis F. ^1™* and Anthony G. Phillips Dept.of
Psychology, University of British Columbia, Vancouver, B.C., V6T 1Z4
Drugs of abuse appear to activate neural systems mediating goal-directed
behavior towards natural rewards such as food and sex. The mcsocerticetimbic
dopamine system plays a key role in this respect and repeated administration of
psychostimulants leads to sensitization of this system. The present study
investigated the effect of sensitization induced by repeated injections of damphetamine on subsequent sexual behavior in the male rat tested in a drugfree state.
Male rats were given one injection of d-amphetamine (1.5 mg/kg, i.p.) every
other day for a total of 10 injections, a regimen sufficient to induce behavioral
sensitization as measured by increased stereotypy in response to a fixed dose of
d-amphetamine. After a three-week post-drug withdrawal period, rats were
tested for sexual behavior. On day 1, sensitized rats exhibited facilitated sexual
behavior in the presence of a receptive female as indicated by a significantly
shorter mount latency (x = 123.9 ± 47.4 sec) as compared to controls (x =
272.0 ± 53.7 sec). Further, based on a set of criteria selected to reflect sexual
proficiency (i.e. intromission latency < 10 min; ejaculation latency < 15 min;
and post-ejaculatory interval < 10 min), sensitized rats showed facilitated
acquisition of sexual behavior, reaching the criteria after only 4 test days
compared to 6 test days for control rats.

657.13
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SULPIRIDE
ATTENUATES
CONDITIONED
PLACE
PREFERENCE FOLLOWING SEXUAL BEHAVIOR IN FEMALE
SYRIAN HAMSTERS. R.L. Meisel* and M.A. Joppa. Dept. of
Psychological Sciences, Purdue Univ., West Lafayette, IN
47907.
The ability of the dopamine D2 antagonist, sulpiride, to
prevent the acquisition of a conditioned place preference was
examined in female hamsters. Females were treated with one
of several doses of sulpiride ip (12, 18, or 24 mg/kg body
weight) prior to sexual encounters with a male in a
conditioned place preference apparatus. Preliminary results
indicate that sulpiride-treated females, like vehicle-treated
females, exhibited near maximal levels of sexual behavior
(lordosis) throughout the conditioning sessions.
Despite
showing high levels of lordosis, the sulpiride-treated females
did not show evidence of conditioned place preference.
Vehicle-treated females replicated our earlier findings of

ROLE OF GLYCINE/NMDA RECEPTORS IN THE DORSAL PERIAQUEDUCTAL
GRAY OF RATS UNDER THE INFLUENCE OF ANXIOSELECTIVE DRUGS.
A.P. Carobrez*. and M.M. De-Souza. Depto. de Farmacologia, CCB, UFSC,
Floriandpolis, SC, 88040-900, Brazil.
The midbrain periaqueductal gray (PAG) coordinates responses of an
animal facing aversive stimulus. Excitatory amino acid (EAA)
neurotransmission at the dorsal PAG (DPAG), may mediate distinct
behavioral performance in animal models of anxiety. The purpose of this
investigation was to explore the effects of DPAG-EAA on the behavioral
performance of rats under anxioselective drugs effects. Assessment of
anxiety-related behavior was performed in male hooded rats with chronically
implanted cannula, aimed to DPAG. Fifteen min after receiving an IP
injection (1 ml/kg) of diazepam (DZP; 0.375, 0.75 mg/kg). pentylenetetrazol
(PTZ; 15, 30 mg/kg) or vehicle, the rats received a microinjection (0.4 pi)
of ACSF, glycine (GLY 80 nmol) or 7-CI-kynurenic acid (7CIKYN) into DPAG.
Five min after receiving both treatments the animals were placed in the
elevated plus-maze test for a 5 min observation. In experiment 1, DZP
increased (p<0.05) both, the %entries (OAE; 60 ± 5.8) and the %time
spent (TSO; 36 ± 8.9) on open arms when compared to baseline levels
(OAE= 31 ± 8.2; TSO= 6.3 ± 2.0), . These DZP anxiolytic effects were
blocked after DPAG microinjeotion of GLY (OAE= 30 ± 9.7; TSO= 19.8
± 8.3). In experiment 2, the treatment with PTZ decreased the OAE (10 ±
6.9) and the TSO (2.6 ± 2.0). These PTZ anxiogenic effects were reversed
after DPAG microinjection of 7CIKYN (OAE= 53 ± 4.1; TSO= 23 ± 6.6).
The results suggest that the behavioral effects of anxioselective compounds
depend on baseline glutamatergic DPAG activation. Also these results
strengthens the hypothesis of a modulatory role for DPAG/EAA system in
anxiety.
Supported by: CNPq and CAPES

conditioned place preference induced by sexual behavior in
female hamsters. These results suggest that conditioned place

preference is a useful means for probing the appetitive
components of female sexual behavior, and that D2 receptors
are involved in this appetitive precess.

This research was supported by a grant from the National
Science Foundation (IBN-9412543).

Society

for

Neuroscience

, Volume 21, 1995

1674

MOTIVATION AND EMOTION:

BIOCHEMISTRY AND PHARMACOLOGY

WEDNESDAY AM

657.15

657.16

COMPARISON OF THE EFFECTS OF D, AND D2 DOPAMINE RECEPTOR
ANTAGONISTS ON THE RESPONSE-REINSTATING PROPERTIES OF
FOOD REINFORCEMENT. A. L. Chausmer*, C. M. Reals and A. Ettenberg.
Behavioral Pharmacology Laboratory, Dept. of Psychology, Univ. of California,
Santa Barbara, 93106.
The current experiment examined the ability of selective dopamine D,
and D2 receptor antagonists to prevent the reinstatement in operant responding
produced by a single reinforced trial in the midst of extinction. Hungry rats
were trained to run a straight-alley for food reward during single daily trials.
After 12 reinforced trials, the operant was extinguished during consecutive
daily non-reinforced trials. Ss were then injected 30 min prior to a single
Treatment trial with one of four doses of either the D2 antagonist, raclopride
(0.0, 1.0, 0.5 and 0.25 mg/kg IP) or the D, antagonist SCH 39166 (0.0, 0.02,
0.01, 0.005 mg/kg IP). Twenty-four hours later, a Test trial was conducted in
an unbaited runway. On Treatment day, a single reinforced trial was sufficient
to reinstate operant running 24 hrs later (i.e. on Test day). While raclopride on
Treatment day dose-dependently attenuated the response-reinstating effects of
food as measured on the next trial/day, interpretation of SCH 39166 data was
made difficult because it produced no consistent dose-response effects and it
attenuated performance of a motor control group. In a separate experiment,
neither drug produced reliable reductions in spontaneous locomotor activity
measured 24 hrs post-injection. Together these data suggest a clear role for D2
receptor subtype in food reinforcement, but the role of the D1 receptor remains
unclear.

SOCIAL MODULATORY INFLUENCES ON CROWING AND
AGGRESSION IN TESTOSTERONE-TREATED CHICKS.
L. Normansell* and E. . Craven, Program in Neuroscience,
Muskingum College, New Concord, OH 43762.
Following chronic testosterone (T) administration, young chicks
crow regularly and become very aggressive. In the present series of
studies, the ability of varying social contexts to influence these
behaviors in T-treated chicks was investigated. Chicks were obtained
at one day post hatch, housed in like-treated flocks of 7-9 chicks, and
administered either .1ml oil or 2.5mg testosterone in oil per day.
When tested at 3-4 weeks of age, in both paired round-robin and
group testing with animals from their own flock, T-treated animals
were more aggressive and crowed more than control chicks. When
who was dominant over whom was determined, the resulting
dominance hierarchies were less linear in the T-treated chicks which
might indicate a disruption in the development of normal social
processes. In paired contests with animals from a different but liketreated flock, T-treated chicks crowed over 3 times more than when
they were with an animal from their own flock but did not differ in
level of aggression. Next, 2 chicks of one flock were grouped with 2
from a like-treated but different flock. T-treated animals displayed over
7 times as many aggressive acts as controls, but in both groups, these
acts were directed equally to the other animals regardless of what
group they were from. In this social situation, however, none of . the
T-treated animals emitted any crows. In summary, while testosterone
treatment induces many adult-like patterns of behavior in young
chicks, these behaviors are modulated to some extent within the
ongoing social environment of the animals.

657.17

657.18

THE EFFECT OF SEROTONIN AND DOPAMINE REUPTAKE
INHIBITORS ON DORSAL RAPHE SELF-STIMULATION
THRESHOLDS. P.Tzvetkov*, S.Khan. E .Miltaressis. G.Fouriezos.

DISSOCIATION OF REWARD AND PERFORMANCE CHANGES FOLLOWING
ICV MICROINJECTIONS OF NEUROTENSIN. P.-P. Romor6* D^partement
de psychiatrie, University de Montreal, Montreal (Quebec), Canada, H3C 3J7.
Several lines of evidence show that neurotensin (NT) modulates central
dopamine (DA) functions. When microinjected into the ventricle, for instance,
NT produces neuroleptic-like effects and inhibits the increase in locomotion
produced by DA receptor activation in the nucleus accumbens. Such an
inhibitory effect of NT on DA-induced locomotion contrasts with its stimulatory
effect on DA cell firing and on DA metabolism and release and implies that this
postsnyaptic action of NT is strong enough to counteract its action on DA
impulse flow. Another possibiity is that the inhibitory effect of ICV NT on DAinduced locomotion results from, or is potentiated by, its non-specific effects
as NT is known to induce hypotension, muscle relaxation and hypothermia. In
this study, we used the curve-shift method as applied to brain stimulation
reward to determine whether the suppressant effect of ICV NT on a DAdependent behavior is specific or is due to a general decrease in motor
capability, Male rats implanted with a stimulating electrode in the central gray
and a guide cannula above the lateral ventricle were trained to lever press for
trains of 200 msec cathodal pulses of fixed intensity and variable frequency.
Once responding was stable, the effects of three doses of ICV NT (3,10 and
30 pg/10 pl) on the function relating the rate of responding to the stimulation
frequency was determined, just before, and for 95 min after the injection.
Results obtained demonstrate a clear dissociation between performance and
reward changes. At every dose tested, NT produced a significant suppression
of maximal responding, reflecting a decrease in motor capability. At the
highest dose, a decrease in reward threshold occurred 30 min later than the
onset of the suppression of responding and outlasted the later effect by at
least 30 min. These results suggest that ICV NT suppresses motor capability,
an effect that may interfere with the behavioral expression of an increase in
DA-dependent functions. Supported by a grant from the Medical Reseach
Council of Canada.

University of Ottawa. Ottawa, Canada KIN 6N5.

Male Sarague-Dawley rats were implanted with
monopolar
electrodes in the dorsal raphe uucleus(DR) Lining a descending
method of limits, self-stimulation frequency thresholds were obtained
before and after acute intrepcritoncel injections of cocaine HC1
(2Omg/kg), paroxetine
Change in Frequency Threshold
(10mg/kg), and paroxetine
(10 mg/kg or 20 mg/kg)
plus cocaine (20 mg/kg).
x -0.2
Injection of cocaine, a
S'
mixed serotonin/dopamine
reuptake inhibitor, led to a
37% drop in frequency
Rat 1
Rat 2
Rat3
threshold .
Injection
of
□ Vehicle
□ Coc
paroxetine,
a
selective
■ Coc ♦ HI Par ICCcc + LoPar
serotonin reuptake inhibitor,
did not decrease threshold. However, paroxetine (2Omg/kg) injected
30 min prior to cocaine led to a 69% drop in threshold. Results
suggest that increasing serotonin levels may enhance the ability of
dopamine agonists to facilitate self-stimulation in the DR.

I
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STRESS-INDUCED SENSITIZATION, BUT NOT FACILITATED
LEARNING, IS CHOLINERGICALLY-MEDIATED. T.J. Shors*.
G.P. Mark. J.C. Selcher. and R.J. Servatius. Dept. Psychol. and
Prog. in Neurosci., Princeton University, Princeton, NJ 08544.
Acute exposure to an inescapable stressor of restraint and intermittent tail-shock enhances sensory reactivity and independently
facilitates acquisition of the classically conditioned eyeblink response
in the freely-moving rat. Because the same stressor increases
acetylcholine (ACh) release into the hippocampus, amygdala, and
prefrontal cortex, we tested the hypothesis that either one or both of
the stress-induced behaviors was cholinergically mediated. Rats
(6/group) were treated with the muscarinic antagonist scopolamine (5
mg/kg) or vehicle 30 min prior to the stress and no stress condition.
24 hrs later, they were exposed to 10 white noise stimuli (85 dB) and
trained with paired and unpaired stimuli consisting of a white noise
conditioned stimulus overlapping and coterminating with a periorbital
shock unconditioned stimulus to the eyelid. Preventing activation of
muscarinic receptors during the stressor prevented the sensitization
(p = 0.02) but not the facilitated learning (p = 0.99). Additional data
suggest that the effective ACh is not originating in the septum;
severing the fomix (n= 12) did not prevent the enhanced reactivity to
auditory cues. These results suggest that the sensitization effect is
cholinergically-mediated, although not via septal inputs to the
hippocampus. Moreover, these results pharmacologically dissociate the
stress-induced sensitization from the facilitation of associative learning.
[Whitehall and McDonnell-Pew Foundations and ONR support to TJS]
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EFFECTS OF PHASE-SHIFTING TREATMENTS ON THE mRNA LEVELS OF
PUTATIVE OSCILLATOR PROTEINS, BiP AND PORIN, IN APLYSIA. M
Sloan*. C. Koumenis. and A. Eskin. Dept. of Biochem. & Biophys. Sci., Univ. of
Houston, TX 77204.
A circadian pacemaker in the eye of Aplysia generates a rhythm of spontaneous
nerve impulses. A model of this system predicts that the phase shifting agents light
and 5-HT modify the synthesis of oscillator proteins at the level of translation and
perhaps transcription as well. Using 2-D gel electrophoresis, we previously searched
for putative oscillator proteins in the eye whose synthesis was modified by treatments
with light and 5-HT. We found that light treatments to isolated eyes at CT 18-24
increased incorporation of 3H-leucine into BiP (a molecular chaperone in the
endoplasmic reticulum), while decreasing incorporation of label into porin (a large
conductance channel in mitochondrial and other membranes). 5-HT treatments to eyes
at CT 6-12 increased incorporation of label into BiP and porin.
To investigate the effects of phase shifting treatments on BiP and porin at the
transcriptional level, we first obtained their cDNAs. Clones of Aplysia BiP were
obtained from Kuhl, et al., and clones of porin were obtained by screening aH Aplysia
ganglia cDNA library using a clone from human porin. A full-length cDNA of 282
amino acids, obtained from the Aplysia library, was 67% identical to human porin.
Riboprobes complementary to coding regions of BiP and porin were used in
ribonuclease protection assays to measure their mRNA levels. Light and 5-HT
administered to isolated eyes had opposite effects on the levels of mRNAs of BiP and
porin. The effects of light and 5-HT on BiP and porin mRNAs correlated with their
effects on proteins except for the action of light on BiP mRNA and protein. Light at
CT 18-24 decreased levels of mRNAs of BiP (-68±2%, n=4) and porin (-67±6%, n=4),
while 5-HT at CT 6-12 increased levels of mRNAs of BiP (50±20%, n=7) and porin
(45±I4%, n=6). These results indicate that light and 5-HT may phase shift the ocular
circadian oscillator by regulating levels of BiP and/or porin mRNAs.

NMDAR1 SPLICE VARIANTS IN THE SUPRACHIASMATIC
NUCLEUS (SCN) OF THE SIBERIAN HAMSTER. Francis J P Ebling*.
Iona H M Alexander and Jens D Mikkclsen. Dept. Anatomy, University
of Cambridge, UK and Institute of Medical Anatomy, The Panum
Institute, University of Copenhagen, Denmark.
Glutamate is implicated in mediating the phase-shifting effects of light
on circadian rhythms, and our previous studies have revealed the
presence of mRNAs encoding glutamate receptors in the rat
suprachiasmatic nucleus (NMDAR1/NMDAR2C Brain Res 1993, 632:
329-333). The common subunit gene NMDAR1 can be alternatively
spliced in three regions to generate functionally-different products, so the
aim of the current study was to investigate which mRNA species are
present in the SCN. In situ hybridization was carried out on series of
12pm coronal sections from the Siberian hamster (Phodopus sungorus),
using 35S-labelled oligonucleotide probes complementary to common
and variable regions of the rat gene (J Comp Neurol 1994, 313:1-16,
from which terminology is adopted). Probes complementary to VIP
mRNA and AVP mRNA defined the ventrolateral and dorsomedial
regions of the hamster SCN in adjacent sections. Hybridization of the
common probe occurred ubiquitously in the hamster brain, including the
SCN. A probe complementary to deletion II/exon 22 was also abundant
throughout the SCN. In contrast, no hybridization of a probe
complementary to insertion I/exon 5 was detected in the SCN or other
hypothalamic nuclei, despite a highly characteristic pattern of expression
restricted to the thalamus. Background on sections hybridized with a
probe complementary to deletion I/exon 21 was high, but no clear
evidence of hybridization in the SCN was obtained. These observations
suggest that the predominant isoform in the SCN is NMDAR 1C, and
provide further evidence that glutamate is an important regulator of SCN
function. [Supported by The Wellcome Trust grant 037667/Z/93 and by
The Royal Society]

658.3
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AN ALTERED CIRCADIAN CLOCK IN NCAM-180 DEFICIENT MICE.
H. Shen1. M, Watanabe2. H. Tomasiewiez3. U, Rutishauscr3. T. Mammon3 &,!
D. Glass*. ’Dept. of Biological Sciences, Kent State Univ., Kent, OH 44242,
2Division of Pediatric Cardiology, Dept. of Pediatrics, Rainbow Babies &

CHARACTERIZATION OF THE CIRCADIAN SYSTEM OF
NGFI-A AND NGFI-A7NGFI-B KNOCKOUT MICE.
Kilduff* (1). C. Vuarinic (1 LS.L Lee (21 J.D. Milbrandt.f2L
J.D. Mikkelsen (3). B.F. O'Hara (1). and H.C. Heller. 1). (1)
Center for Sleep & Circadian Neurobiology, Depts. of
Psychiatry and Biological Sciences, Stanford Univ.,
Stanford, CA 94305, (2) Dept. of Pathology, Washington
Univ., St. Louis, MO 63110, (3) Inst. of Med. Anatomy, Univ.
of Copenhagen, Denmark.
The genes NGFI-A and NGFI-B have previously been
shown to be induced in the suprachiasmatic nuclei by photic
stimulation during the subjective night. The purpose of this
study was to characterize the circadian system of mice in
which either NGFI-A or both NGFI-A and NGFI-B were
eliminated by homologous recombination. Wheel running
activity was recorded from null mutants and wild type
controls under LD 12:12 , DD, and LL conditions. All mice
appear to entrain normally to a 12:12 cycle and could reentrain to both phase advances and phase delays of the
light cycle. The response of the pacemaker to acute light
pulses is being assessed at the present time. These results,
along with neuroanatomical information about the structure
of the SCN in NGFI-A minus and NGFI-A/B minus mice, will
be presented. (Supported by NIH grant AG 11084).

Children Hospital, Case Western Reserve Univ., Cleveland, OH 44106, and
3Dept. of Genetics, Case Western Reserve Univ., Cleveland, OH 44106.
The basis of the circadian pacemaker in the suprachiasmatic nuclei (SCN)
remains speculative. Our previous study confirmed robust expression of highly
polysialylated neural cell adhesion molecule (PSA-NCAM) in adult rodent SCN.
PSA-NCAM, capable of modulating contact-dependent cell-cell interactions, is
involved in a variety of developmental events and in adult neuroplasticity. To
explore the role of PSA-NCAM in the SCN circadian clock, we assessed
circadian locomotor activity rhythms under various photoperiod regimens in
the mice with genetic deletion of the major PSA-associated NCAM isoform,
NCAM-180. The results showed that NCAM-180 deficient mice (n=l5), with
total loss of NCAM-180 and PSA in the SCN had a shorter endogenous freerunning period (t ; 23.5±0.09 h) and a longer activity time (a; l8.2±0.42 h)
under constant darkness (DD) than wildtypes (n=12; t =23.9±0.05 h [P<0.05];
a=15.8±0.87 h [P<0.05]). By 2 wk of DD the majority of mutant mice exhibited
a desynchronous activity rhythm. Also, the photoentrainment of locomotor
activity in NCAM-180 deficient mice which was unimpaired under the initial
12L: 12D photoperiod (LD), was (in contrast to the wildtypes) disrupted after
return to LD following DD exposure. Collectively, these findings are evidence
that PSA-NCAM, and possibly NCAM-180, are important to the generation of
circadian rhythms and may help maintain the coherence of these rhythms.
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IDENTIFICATION OF PINEAL-SPECIFIC GENES IN RAT BY DIFFERENTIAL
DISPLAY PCR.
X. Wang* Michael J. Brownstein, and W. S. Young. III. Lab. Cell Biology, NIMH,
NIH, Bethesda, MD 20892
In the mammalian pineal, the circadian production of melatonin is controlled by
the rhythmic expression of acetyl-CoA: serotonin N-acetyltransferase (SNAT).
Acetylation of serotonin by SNAT is the rate-limiting step in melatonin synthesis.
Isoproterenol injections in intact rats stimulate the expression of SNAT or SNAT
regulators) transcriptionally or translationally. Various cloning methodologies have
failed to find the SNAT cDNA. In order to screen for pineal-specific mRNAs that
may be crucial for the circadian regulation of melatonin synthesis, differential
display PCR was employed. Pineal, retinal and cerebellar tissues were dissected
from Sprague-Dawley rats (male, 200-250 each, Taconic Farms) two and half hours
after intraperitoneal injections of 10 mg/kg isoproterenol. The same tissues were
collected from uninjected rats as well. T12N2 oligos were used for cDNA synthesis
using total RNA isolated from above tissue samples as templates. The same T12N2
oligos plus arbitrary 10-mers of random sequence were used to amplify the cDNAs
by PCR in the presence of 35S-dATP. The PCR products were displayed on a 6 %

CLONING OF THE MOUSE MEL 1a-MELATONIN RECEPTOR
GENE. Alfred L. Roca* and Steven M. Rennert. Laboratory of
Developmental Chronobiology, Mass. General Hospital, and Program in
Neuroscience, Harvard Medical School, Boston m A 02114
Recently a high-affinity melatonin receptor, designated the Meliamelatonin receptor, was cloned from mammals (Reppert et al. 1994;
Neuron 13:1177). Defining the structure of the murine receptor gene is a
necessary step for generating transgenic animals. Degenerate primers
were designed using regions conserved among other mammalian Mellareceptor cDNAs. PCR of mouse genomic DNA yielded a 466 bp
fragment that was 94% identical at the amino acid level to the rat and
Djungarian hamster Melia-receptor cDNAs. In situ hybridization of adult
C57BL/6J mouse brain using the PCR-generated fragment produced a
hybridization pattern consistent with that expected for the Mella-melatonin
receptor; hybridization signal was most intense in the hypophyseal pars
tuberalis. Southern blot analysis of genomic DNA indicated a single-copy
gene. RNA was isolated from a murine cell line (RT2-2) which expresses
the Melia-receptor. Northern analysis of poly(A)+ RNA indicated a
transcript length of ca. 1.9 kb. RT-PCR was used to generate the fulllength coding region (1059 bp) of the receptor, which showed 84% amino
acid identity to the human Mel la-receptor. RNase protection analysis, 5'
and 3' RACE, and screening of a BALB/c mouse EMBL3 SP6/T7
genomic library revealed that the receptor gene consists of 2 exons divided
by a large (>8 kb) intron. The 3' untranslated region is 444 bp long, and
includes the polyadenylation signal AUUAAA RNase protection assays
suggest that a major transcription start site is located ca. 100 bp upstream
of the initiation codon.

polyacrylamide gel. Clone PG10.2 is expressed in both the pineal gland and retina;
the 8 kb mRNA is much more abundant in retina where it is expressed in the outer
nuclear layer (especially at the outer edge) and over the photoreceptor cell bodies.
In situ hybridization revealed that the clones PG23 and PG25 are pineal specific.
Preliminary sequence analysis of cloned fragments shows no significant homologies
to known genes. Full length cDNAs are being isolated from an isoproterenolinduced pineal cDNA library to see if they code for proteins with roles in the
circadian regulation of melatonin synthesis.
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MELATONIN ACTION VIA PROTEIN KINASE C IN THE SCN OF
THE RAT. A.E. Hunt. A.J. McArthur. M.U. Gillette*. Neuroscience
Program and Depts. of Physiology and Cellular and Structural Biology.
University of Illinois at Urbana-Champaign, Urbana, IL 61801.
Production of the pineal hormone melatonin occurs only at night, or
during the dark phase of the subjective lighting cycle, and is controlled
via a multisynaptic pathway from the suprachiasmatic nucleus (SCN) to
the pineal gland. There are high-affinity melatonin receptors within the
SCN itself, suggesting a feedback function for melatonin. Indeed,
melatonin (10-9 M), when bath applied for 1 hr to a hypothalamic brain
slice preparation, has been shown to advance the phase of circadian
rhythm extracellular firing rate in the ensemble of SCN neurons. The
SCN shows temporal sensitivity in that melatonin application during
mid-day or mid-night is without effect, while application at subjective dusk
(CT 10) or subjective dawn (CT 23) causes phase advances of about 4 hr.
To study the signalling mechanisms responsible for melatonin's effects,
the phorbol ester 12-O-tetradecanoyl phorbol 13-acetate (TPA), a potent

PONTINE CHOLINERGIC NEURONS SHOW
FOS-LI IN
ASSOCIATION WITH CHOLINERGICALLY-INDUCED REM SLEEP.

protein kinase C activator, was bath applied to brain slices (10-8 M, 10 min)
and was found to reset the SCN firing rate with a profile similar to that of
melatonin. The specific protein kinase C inhibitor, Calphostin C, which binds
and blocks the diacylglycerol site on PKC, blocks melatonin phase shifts when
bath applied 45 min prior to melatonin treatment at CT 10 and CT 23. Calphostin C induces no phase shift of its own when applied alone. Our data
indicate that melatonin can phase shift circadian timing within two windows of
sensitivity and that melatonin exerts its effects at both dusk and dawn via a
protein kinase C pathway. (Supported by PHS grant NS22155).

P. Shiromani*, S. Winston. R.W. McCarley. Brockton VA-Harvard Med
School, MA 02401.
We (Brain Res, 1992; J Neurosci,l995) and others (Yamuy et al., J
Neurosci, 1993) have shown that Fos-LI occurs in pontine areas in response
to cholinergically-induced REM sleep (REMc). Since pontine cholinergic
mechanisms have been implicated in REM sleep generation, in the present
study we examined whether pontine cholinergic neurons show Fos-LI in
association with REMc.
Sleep was recorded from cats given pontine microinjections of either
saline (n=2; O.25/xl) or carbachol (n=3; 2 ug/O.25^l). Carbachol treated
animals had REMc (27-40 min) and were sacrificed (nembutal) at end of
REMc. In saline treated animals, very few Fos-LI cells were found in the
pons. None of these cells were colocalized in LDT-PPT cholinergic
neurons. On the other hand, the animals with REMc showed a consistent
pattern of Fos-LI cells in the dorsolateral pons. In the REMc animals, a
subpopulation of the LDT-PPT cholinergic cells were also Fos-LI positive
(contralateral = 10.17%; ipsilateral = 11.1%).
We found that only a subpopulation (10.64%) of LDT-PPT cholinergic
neurons were also Fos-LI positive. It is interesting that single-unit studies
have also found that only a subpopulation of neurons recorded in the LDTPPT are “REM-on”. Thus, even in a phenotypically similar population
(i.e., cholinergic) only a subset are differentially affected during REM sleep,
as assessed by electrophysiological or molecular techniques.

658.9

658.10

CHANGES IN c-FOS, PPE AND DYN mRNA LEVELS
ASSOCIATED WITH THE PLATFORM TECHNIQUE OF REM
SLEEP DEPRIVATION. L . Ramanathan* R.Basheer R W.
McCarley and P.Shiromani. VA-Harvard Medical School, West

CHANGES IN C-FOS AND ChAT mRNA LEVELS IN
SPECIFIC RAT BRAIN REGIONS DURING NORMAL SLEEP.

RoxburyMA 02132---------Immobilization stress, cold water swim, and chronic or
acute drug treatments alter c-fos, preproenkephalin (PPE) and
dynorphin (DYN) mRNA levels. c-Fos is known to induce the
expression of both PPE and DYN. In the present study,
changes in the expression of these messages were
investigated using the platform technique of REM sleep
deprivation. Rats were placed on either large platforms (LP) or
small platforms (SP) for 1 and 5 days, while control animals
were kept in dry cages throughout the experimental period.
Northern blot analysis showed decreased levels of c-fos
mRNA in the cortex and striatum of platform animals
compared to rats maintained in dry cages. In contrast, PPE
mRNA levels were increased in the cortex and striatum of
platform animals. DYN mRNA levels were unaltered.
The differential expression of messages whose protein
products have been associated with various aspects of the
transcriptional cascade described in other systems, suggests
that a similar series of events may play a role in this
experimental paradigm.
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CHANGES IN TYROSINE HYDROXYLASE mRNA LEVELS
ASSOCIATED WITH THE PLATFORM TECHNIQUE OF REM
SLEEP DEPRIVATIONR.Bash.eer*,R .W.McCarley .and P.Shiromani.

Dept Psychiatry, Harvard Medical School- VA Medical Center, West
Roxbury, MA 02132.

A number of experimental techniques have been shown to
induce the expression of tyrosine hydroxylase mRNA in locus
coeruleus.
We studied alterations in TH mRNA using a
paradigm that also produces REM sleep deprivation in rats.
Rats were placed on large platform (LP) and small
platform (SP) for one and five days and compared with
controls kept in dry cages. Changes in TH mRNA were
analysed by northern analysis of total RNA isolated from pons,
locus coeruleus and ventral tegmental area. Preliminary
results showed that compared to dry cage controls there was
no significant change in TH mRNA in LP rats. Whereas in SP
animals there was a significant increase in TH mRNA after
one day which drops to control levels after five days. It will be
important to examine the changes in TH mRNA in discrete
pontine nuclei using in situ hybridization.
These data indicate that TH mRNA levels are changed
with the pedestal treatment.
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M. A. Greco1, G. Perides2*, R.W. McCar1ey1, and P. Shiromani1.
Harvard Medical School, VA Medical Center, West Roxbury, MA
02132, and New England Medical Center, Boston, MA 02111
Studies in this laboratory have investigated neuronal
mechanisms underlying sleep-wake . states. These studies
have also shown an increased number of c-fos
immunoreactive cells in a subpopulation of pontine cholinergic
neurons in response to drug-induced REM sleep. We have
new begun to examine molecular events associated with
physiological sleep. Initial experiments using northern blot
analysis indicated a more sensitive assay was required to
investigate possible transcriptional regulation mechanisms of
gene expression in this system. In the studies described here,
c-fos and ChAt mRNA levels from discreet brain regions were
analyzed across normal sleep states. Rats were sacrificed
during waking, slow wave sleep or REM sleep. Total RNA was
extracted from punch biopsies of the medial PRF, DRN, LC and
LDT regions of the pons as well as hypothalamic areas.
Messenger RNA levels were analyzed by quantitative RT/PCR.
The results indicate that c-fos and ChAT messages are
differentially and variably expressed. These studies show the
utility of RT/PCR to analyze low abundance messages in
specific areas of the brain.
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ULTRAVIOLET-SENSITIVE RETINAL PHOTORECEPTORS
MEDIATE LIGHT-INDUCED PHASE-SHIFTS AND FOS
EXPRESSION IN RAT SUPRACHIASMATIC NUCLEUS.
S. Amir* and B. Robinson. Center for Studies in Behavioral
Neurobiology, Concordia University, Montreal, Quebec, Canada.
Mammalian circadian rhythms are generated by a pacemaker
located in the hypothalamic suprachiasmatic nucleus (SCN) and are
entrained by photic stimuli that are carried to the SCN in a direct
retinal projection, the retinohypothalamic tract (RHT), and in an
indirect projection from the intergeniculate leaflet (IGl ), the
geniculohypothalamic tract (GHT). The retinal photoreceptors
underlying entrainment, and that are thought to be distinct from those
involved in vision, have not been identified. In rodents, photic
stimuli that entrain circadian rhythms induce expression of the
transcription factor Fos in SCN cells innervated by the RHT and
GHT. Here we report that in rats ultraviolet light pulses known to
excite the retina electrophysiologically induce a pattern of Fos
expression in the SCN that corresponds to the known pattern of
distribution of RHT and GHT terminals in the SCN region. The
effect of ultraviolet light on Fos expression is phase dependent and
appears to be mediated by a retinal mechanism bearing characteristics
of a specific ultraviolet receptor. Because we find in addition that
ultraviolet light pulses that induce Fos expression in the SCN are
sufficient to induce phase shifts in circadian rhythms, we conclude
that the retinal photoreceptors that mediate the effect of light on
rodent circadian pacemaker are ultraviolet sensitive.
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DAY-NIGHT DIFFERENCE IN THE NUMBER OF FOS-IMMUNOREACTIVF
NEURONS IN THE SUPRACHIASMATIC NUCLEUS OF FETAL SHEEP.

S.Breen1. S.Rees1, L.Wise3* & D.Walker2. ‘Department of Anatomy & Cell
Biology, University of Melbourne, Parkville, Victoria 3052, Australia; department
of Physiology & ^Department of Psychology, Monash University, Clayton, Victoria
3168, Australia.
Fetal sheep exhibit several behavioural and hormonal diurnal rhythms in late
gestation. It is unclear whether these rhythms are controlled directly by the fetal
suprachiasmatic nucleus (SCN) or result from diurnal changes in maternal
hormones. FOS immunoreactivity (FOS-ir) was utilised as a marker of neuronal
activation to determine if SCN neurons are active during gestation. Pregnant ewes
(n=28) were maintained under a 12 hour (h) light-dark cycle prior to
administration of an overdose of sodium pentobarbitone at either 1200 h or 0300 h.
At 1200 h in the 75 d fetus (term=146 d) a few FOS-ir neurons were observed
while in the 90, 105, 117 and 138 d fetuses many FOS-ir neurons were present
throughout the nucleus. However fetuses killed at 0300 h at 90 and 138 d gestation
showed only a few FOS-ir neurons in the SCN. To determine whether the activity
of the fetal SCN was due to direct light stimulation of the fetal retina through the
maternal body wall, 1 fetus from each of 2 sets of twins was optically enucleated a
100 d. The unoperated twin acted as a control. Counts of FOS-ir neurons in the
SCN of these animals at 1200h at 133 d showed no difference between operated
and control animals, indicating that retinal input is not essential for entraining the
fetal SCN. Another possibility is that a chemical messenger which undergoes
diurnal fluctuation in the mother may communicate time of day information to the
fetus. Two ewes each with twin fetuses of 133 d were exposed to constant light
conditions for 5 days. Analysis of these fetuses indicated that the day-night
difference in FOS-ir neuron number had now been abolished, suggesting that a
messenger such as melatonin may be important in entraining the fetal SCN.

LIGHT-INDUCED AND CIRCADIAN EXPRESSION OF fosB, c-fos, junB
AND c-jun IN THE HAMSTER SUPRACHIASMATIC NUCLEUS. M. E.
Guido*, B. Rusak and H. A. Robertson. Departments of Psychology and
Pharmacology, Dalhousie University, Halifax NS, Canada B3H 4J1.
The mammalian suprachiasmatic nucleus (SCN) of the anterior hypothalamus is
the site of an endogenous pacemaker that is responsible for the timing and overt
expression of daily rhythms. The circadian rhythmicity of this pacemaker is
synchronized by light, and a molecular correlate of photic entrainment is the rapid
and transient induction of various immediate early genes (IEGs) in SCN cells.
These IEGs encode for, among other things, transcription regulatory factors such as
Fos and Jun family proteins. The anatomical pattern of cFos induced by light is
similar to the pattern of retinohypothalamic fiber terminals in the SCN. Fos and Jun
proteins could be regulating transcriptionally the expression of genes responsible
for the timing of the intracellular circadian pacemaker-.
To study the role that other IEGs could be playing in the SCN, we have
characterized the photic and circadian expression offosB as well as c-fos, c-jun and
junB by in situ hybridization in hamsters. fosB mRNA exhibits a typical IEG
kinetic of induction in response to a pulse (30 min) of light (during the dark phase
of an LD 14:10 schedule) in cells of SCN, and mRNA levels are elevated for up to
150 min after the light pulse. When we assessed the spontaneous and light-evoked
expression of these genes at different circadian phases, we found light-induced
expression for all these genes during the subjective night, but c-fos, and especially
junB also showed increased expression either spontaneously or after a light pulse at
the beginning of the subjective day. These results suggest that induction of some
IEGs in the SCN occurs spontaneously as well as in response to light stimuli at
selected circadian phases.
(Supported by CONICET of Argentina and the MRC of Canada).
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FOS IMMUNOREACTTVITY IN THE SUPRACHIASMATIC NUCLEUS (SCN)
OF THE DIURNAL RODENT ARVICANTHIS NILOTICUS. Catherine Katona,
Cheryl Sisk* & Laura Smale. Department of Psychology/Neuroscience Program,
Michigan State University, East Lansing, MI 48824
The suprachiasmatic nucleus (SCN) regulates circadian rhythms in all
mammals examined to date and has been studied extensively in nocturnal species.
Little is currently known about differences in the neural mechanisms controlling
rhythms in nocturnal and diurnal animals. These functional differences may exist
either within the SCN or in response to SCN signals. We used Fos as an index
of SCN function to explore the hypothesis that mechanisms within the SCN are
coupled in one way to the LD cyle in nocturnal animals and are coupled
oppositely in diurnal animals.
Fos is a phosphoprotein which interacts with DNA to regulate gene
transcription. The number of Fos immunoreactive (Fos-IR) cells in the SCN of
a nocturnal rodent, the rat, peaks during the light phase of a 12:12 light-dark (LD)
cycle. We examined Fos-IR in the SCN of a diurnal rodent, Arvicanthis niloticus.
Our study included 36 adult males sacrificed at 6 time points around a
12:12 LD cycle. There was the suggestion of a 24h rhythm of Fos-IR within the
SCN of A.niloticus. During the light part of the cycle there was an increase in
the number of cells expressing Fos-IR, whereas during the night, levels of Fos-IR
were lower.
Thus, the rhythm of Fos-IR in the SCN is - similar in the nocturnal
laboratory rat and the diurnal species A.niloticus in a 12:12 LD cycle; however,
it remains possible that temporal differences of Fos-IR occur in different subsets
of SCN cells.

MICROINJECTION OF DOUBLE-STRANDED DNA OLIGONUCLEOTIDE
CONTAINING AP-1 SEQUENCE BLOCKS LIGHT-INDUCED PHASE
ADVANCE OF HAMSTER CIRCADIAN RHYTHMS

J. Takeuchi. D. Golombek and M. Ralph* Dept.of Psychology,
University of Toronto , Toronto, ON, Canada M5S 1A1
Expression levels of a variety of AP-1 transcription factor proteins
including C-Fos, Fos B, C-Jun, Jun B and Jun D in the
suprachiasmatic nucleus (SCN) are reported to change in response to a
phase-shifting light pulse . Although a role for these proteins in the
phase shift mechanisms is suggested, few data are available to directly
prove their involvement. A clear interpretation of results from a gene
knock-out (c-fos) remains difficult partly because of the diversity of
these protein complexes. One way to assess the direct involvement of
these factors is to reduce their bindings to AP-1 DNA sequences in the
SCN in vivo by competitively adding double-stranded(ds) DNA
oligonucleotide containing AP-1 sequences. After implantation with a
guide cannula aimed at the bottom of the third ventricle near the SCN,
hamsters were housed in constant darkness and their wheel running
activities were monitored. One ul of 36-mer ds AP-1 oligo (50 uM or
picomoles/ul ) or control oligo with shuffled AP-1 sequence in
artificial cerebrospinal fluid was injected through the cannula under dim
safe-light conditions 10-15 minutes before light exposure at circadian
time 18 (250-350 lux for 15 minutes). The animals remained active
after injections. AP-1 oligo pretreatment significantly reduced lightinduced phase advances (13.2+13.5 min. n=10) while control oligo
pretreatment did not (93.9+47.8 min. n=8).
These results suggest that binding of the AP-1 transcriptional
complexes to AP-1 sequences is an essential part of light-induced
phase advances in the mammalian circadian clock.

658.17
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CIRCADIAN REGULATION OF CREB PHOSPHORYLATION IN THE
SUPRACHIASMATIC NUCLEUS BY LIGHT, GLUTAMATE, AND NITRIC
OXIDE. J, M, Ding*, W, J, Hurst, L. E, Faiman, L. R. Kuriashkina, and M. U.
Gillette. Dept. of Cell & Structural Biology, Physiology, and Neuroscience
Program. University of Illinois, Urbana, IL 61801.
Circadian rhythms of mammals are timed by an endogenous clock with a
period of about 24 hours located in the suprachiasmatic nucleus (SCN) of the
hypothalamus. Light synchronizes this clock to the external environment by
daily adjustment in the phase of the circadian oscillation. The SCN receives

CYCLIC-GMP-DEPENDENT PROTEIN KINASE INHIBITORS BLOCK
LIGHT-INDUCED PHASE ADVANCES OF CIRCADIAN RHYTHMS IN
VIVO. A Mathur *.-D. A. Golombek and M. R. Ralph. Dept. of Psychology,
University of Toronto, Canada, M5S 1A1.
Biological rhythms in nature and in the laboratory can be synchronized by 24
hr. cycles of light and dark.
Synchronization is thought to be accomplished
primarily through daily phase delays and advances of the endogenous circadian
rhythm which in mammals is generated by the hypothalamic suprachiasmatic
nucleus (SCN). Pulses of light are known to shift the phase of activity rhythms of
nocturnal animals but only during the time of their cycle (Circadian Time or CT)
when they are active (subjective night). In the SCN, a number of second
messenger pathways may participate in photic signal transduction. In vitro,
pulses of both c-AMP and c-GMP analogs induce CT-dependent phase advances
of electrical activity in SCN slices (Prosser, McArthur and Gillette, 1989). The
involvement of cyclic nucleotide -dependent protein kinases was examined in
vivo using inhibitors of c-AMP-dependent kinase (PKA) and c^MP-dependent
kinase (PKG) microinjected near the- SCN of hamsters. In a constant dark,
aperiodic environment, selective (KT-5823, 20 pM) and non-selective (H-8, 20
pM) inhibitors of PKG had no effect on phase delays of wheel-running activity
rhythms produced by 15 min. light pulses gjven in the early subjective night, but
significantly attenuated (70 %) phase advances induced late in the subjective
night (CT 18). A selective inhibitor of PKA (H-89, 1 pM) had no effect at either
time point. The results suggest that PKG activity is necessary but not sufficient
for normal photic responsiveness, and that PKA is not required. The phase
dependence of the effect of PKG supports the notion that photic responsiveness
at different phases of the circadian cycle are mediated by different biochemical
pathways. (Supported by the AFOSR grant to M. R R.)

direct visual input via the retino-hypothalamic tract (RHT) which is thought to
release the excitatory neurotransmitter glutamate (Glu). We tested the
hypothesis that light adjusts the SCN clock through activation of N-methyl-Daspartate (NMDA) receptor, and subsequently induces calcium dependent
activation of nitric oxide synthase (NOS) in the SCN resulting the release of
nitric oxide (NO). Brief exposure of rats to light only at the night-phase of the
circadian cycle, induces phosphorylation of the transcription factor cAMP
response element binding protein (CREB) in the SCN on the transcriptional
regulatory site (Ser 133). Brief treatment of SCN in vitro with Glu produced
light-like phase shifts and phosphorylation of CREB. Furthermore, antagonists
of NMDA or NOS blocked Glu induced phase shifts as well as CREB phosphorylation. Moreover, DNA mobility assay of SCN tissue demonstrated CRE
binding ability of phospho-CREB after light and Glu treatment at night. These
results suggest the following signal transduction pathway linking environmental
light stimulus to molecular changes in the SCN that reset the phase of the
biological clock: Glu release-NMDA receptor activation--NOS stimulation--NO
production--CREB phosphorylation-target gene activation-phase shift.
(Supported by NIH (NS22155 and NS33240) and AFOSR (F-49620-93-1-043).
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CALMODULIN-DEPENDENT PROTEIN KINASE
II
EXPRESSION
DURING
WAKEFULNESS AND SLEEP. M.Pompeiano*, P.Arriqhi, C.Cirelli and
G.Tononi. Inst. Biol. Chem. and Dept. Physiol. Biochem., Univ.
of Pisa, Italy, I-56100.
There is strong evidence that wakefulness (W) and sleep (S)
are associated with changes in the expression of certain
genes, including transcription factors,
in specific brain
areas. Among potential target genes are those coding for* the
subunits of calmodulin-dependent protein kinase II (CaM-K II),
which has been implicated in synaptic plasticity. We examined
the expression of CaM-KII mRNA in the brain of rats sacrificed
after spontaneous W or S and after sleep deprivation (SD).
Two groups of rats were killed at 2PM either after a long
period of S(n«6) or at least 30min of W(n=6). A third group of
rats was sacrificed at 2AM after a long period of spontaneous
W(n«6) . 3 animals from each group were used for in situ
hybridization (ISH) and 3 for Northern blot (NB) analysis.
Rats underwent manual SD for 3h(n=6), 6h(n=4), 12h(n-5), and
24h(n=6) starting at 8AM, and for 12h(n=6) starting at 8PM,.
Controls were sacrificed at the same phase of the 24h cycle.
The expression of CaM-K II is strongly and differentially
modulated during spontaneous S-W states, as shown with both
ISH and NBi the a subunit mRNA increases during spontaneous W
in the cerebral cortex and hippocampal formation, while in the
same areas CaM-K II fl mRNA decreases during W with respect to
S. After SD, the changes in the expression of both subunits of
CaMK-II in the cerebral cortex and hippocampus were less
marked than after spontaneous W.
Given
the
involvement
of
CaM-K
II
in
long-term
potentiation,
kindling and
learning,
the observation
of
changes in its expression in specific brain areas during
spontaneous and forced W suggests potential differences in
synaptic functioning during different arousal states.
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LONG-TERM IMAGING OF INTRACELLULAR CALCIUM IN CELLS OF THE
SUPRACHIASMATIC NUCLEUS. Michael E. Geusz* and Gene D. Block.
NSF Center for Biological Timing, Department of Biology, Univ. of Virginia,
Gilmer Hall, Charlottesville, VA 22903.
The use of Ca2*-sensitive fluorescent dyes such as Fura-2 to measure
intracellular Ca2+ concentrations ([Ca2+]) is often limited by time-dependent
loss of dye from the cell and its gradual compartmentalization into regions
that are not representative of cytosolic Ca2+. Dextran-conjugates of Fura-2
circumvent these restrictions but require microinjection, limiting their
usefulness with small neurons such as those of the suprachiasmatic nucleus
(SCN). Because the SCN is the principal mammalian circadian pacemaker
we • wished to monitor [Ca2+f in SCN cells for at least 24 hours. Such a
capability would provide [Ca2+], measurements in individual SCN cells

throughout the circadian cycle and would allow the effects of phase-shifting
agents on [Ca2+] to be measured at different circadian phases.
For long-term Ca2+ imaging, primary cell cultures of neonatal rat SCN were
loaded with the dye Fura-PE3 AM, a modified form of the membranepermeable Fura-2 AM which is reported to show less compartmentalization
and leakage than Fura-2. Cells were loaded for 1 to 2 hours with 10 pg/ml
Fura-PE3 AM and then left at room temperature (22°C) in a HEPES-buffered
medium. The emission at 510 nm was imaged during alternating 340 and
380 nm light pulses. The cells showed a diffuse cytoplasmic fluorescence for
at least 50 hours after loading and elevated K+ treatments caused repeatable
[Ca2+i increases in neurons and astrocytes during this time. This approach
can be used to measure [Ca2+i in SCN cells during the circadian cycle.
Supported by NIH NS15264 and the NSF Center for Biological Timing.
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TTX AND Mg2+ RESISTANT SLOW FLUCTUATIONS OF THE MEMBRANE
POTENTIAL IN SUPRACHIASMATIC NUCLEI NEURONS IN VITRO. L
Trachsel*, K, Kampe. H.U. Dodt, and W. Zieglgansberger. Max Planck Institute of

CONSTANT LIGHT HOUSING INDUCES FOS PROTEIN IN RAT
INTERGENICULATE LEAFLET. K. Edelstein* and S. Amir.
Center for Studies in Behavioral Neurobiology, Department of
Psychology, Concordia University, Montreal, Canada H3G 1M8.
Exposure to prolonged constant light (LL) disrupts circadian
rhythms in nocturnal rodents. This disruption may be manifested as a
loss of circadian rhythmicity, desynchrony of individual rhythms, or
splitting of circadian activity rhythms into two or more components.
The neural mechanisms underlying these effects are not well defined,
although previous research has demonstrated that ablation of the
intergeniculate leaflet (IGL) prevents splitting of circadian activity
rhythms in the hamster. We examined the effects of LL on the
circadian system of Wistar rats previously housed under a normal lightdark cycle, using a telemetry system to measure temperature and
activity rhythms, and the immunocytochemical expression of Fos
protein as a marker of light-induced activation of cells in the IGL.
Results indicate that LL induces Fos expression in the IGL independent
of circadian time. Furthermore, we found a correlation between the
disruption of circadian temperature and activity rhythms observed in
rats housed in LL for 30 days, and attenuation of Fos immunoreactivity
in the IGL of those animals. Whereas Fos expression was observed in
the IGL of rats sacrificed during the LL period prior to the loss of
circadian rhythmicity, rats sacrificed after this disruption occurred
tended to exhibit fewer Fos immunoreactive cells in this region.
Results support the idea that the IGL mediates the disruption of
circadian rhythms during exposure to prolonged LL. These data also
suggest that Fos expression in the IGL may be a marker of the integrity
of the circadian system in rats housed under prolonged LL.

Psychiatry, Clinical Institute, Clinical Neuropharmacology, 80804 Munich, FRG.
We used spontaneous fluctuations of the membrane potential of SCN neurons
as an integral measure to assess neuron ensemble activity as a function of synaptic
mechanisms and circadian control. Neurons in cell clusters in rat SCN slices (300
pm; at 35-37 °C, pH 7.4) were visually identified by IR videomicroscop/*, and
voltage clamped at -50m V. Power spectra (0.016-1000 Hz) of the holding current
(r.m.s. ~50 pA) were decomposed into Lorentzian components^ Oscillations below

10 Hz prevailed in terms of spectral power in both the day and night SCN, and with
TTX and Mg2+ perfusion. The spectral distributions were fitted (r2>0.9) with
Lorentzian functions. In the SCN corresponding to subjective day, the comer
frequencies (f0) of two Lorentzian components were 9 Hz and 180 Hz. In the
nighttime SCN, the f0 were estimated at 11 Hz and 22 Hz. Power between 1-3 Hz
was significantly lower, and power between 70-630 Hz was significantly higher in
neurons of the day SCN than of the nighttime SCN (p<0.05). TTX significantly
suppressed power between 50-500 Hz. Only one Lorentzian component was found
(f0 at 10 Hz) in both circadian preparations under TTX. High Mg2+ and zero Ca2+
perfusion evoked similar effects. We conclude that SCN neurons held below spiking
threshold operate electrophysiologically in a wide frequency range of 1 ms - 64 s
periodicity, where slow frequencies of <10 Hz clearly predominate. The TTX and
Mg2+ sensitive high frequency Lorentzian (200 Hz) suggests fast synaptic sources.
The TTX and Mg2+ resistant low frequency Lorentzian' (<10 Hz), suggests either
non-synaptic input, or intrinsic slow rhythm generators in SCN neurons.
aDodt HU, and Zieglgansberger W (1994) Infrared videomicroscopy: a new
look at neuronal structure and function. Trends Neurosci 17: 453-458. bDeFelice
LJ. Introduction to Membrane Noise. Plenum Press, New York, 1981.
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Fluorocitrate Affects Circadian Rhythms in Rats. A.S.

CIRCADIAN CHANGE IN THE INTENSITY OF ULTRAWEAK
BIOCHEMILUMINESCENCE FROM RAT SUPRACHIASMATIC
NUCLEUS SLICE. Y. Isojima*1’2. T. Isoshima3. K. Nagai1. K. Kikuchi4 and
H. NakagawaL 1 Division of Protein Metabolism, Institute for Protetn
Research. Osaka Univ.. Suita. Osaka 565. Japan. 2Photodynamics Research
Center. The Institute of Physical and Chemical Research (RIKEN). 3Frontier
Reasearch Program. The Institute of Physical and Chemical Research
(RIKEN). 4 Faculty of Engineering. Univ, of Tokyo.
Two classes of light emission related to biological phenomena are known.
One is the well-known bioluminescence visible to human eyes which is
associated with reactions such as the luciferin-luciferase system. The other is
ultraweak biochemiluminescence in the order of 1017W/mm2 or less, which
is spontaneously emitted from all kinds of living organisms without excitation
light. In the previous work, we developed ultrahigh sensitivity photodetection
system using a silicon avalanche photodiode and succeeded to detect ultraweak
biochemiluminescence from rat hippocampal slice. It was shown that the
intensity of biochemiluminescence is at the order of 1018W/mm2 and related
with neural activity. In the present work, to study the oscillation mechanism
of circadian clock in the suprachiasmatic nucleus (SCN), we applied this
phtodetection system to the SCN slice culture and succeeded to detect
ultraweak biochemiluminesence for as long as 72 hours. The intensity of
biochemiluminescence showed circadian change, though its pattern was quite
different from electrical or metabolic activity of the SCN. The intensity showed
peaks in the middle of subjective night as well as subjective day, and troughs
in the transition periods of the day and night. This result suggests that ultraweak
biochemiluminescence from the SCN reflects not only neural activity but
also other cellular activity.

Elliott*and A.A. Nunez. Dept. of Psych., Neuroscience
Program, Michigan State University, East Lansing, MI 48824.
The glial metabolic inhibitor fluorocitrate was used to probe the
role of astrocytes in the generation and expression of circadian
running wheel and drinking rhythms. Rats (=180 g) received
implants of double cannulae such that the tips of the cannulae
were aimed to end immediately dorsal to the suprachiasmatic
nucleus (SCN). Animals were placed in running wheels with
food and water available ad lib. under dim red illumination.
After rhythms were established, animals received an injection of
2 nmol fluorocitrate in each cannula at either the beginning or
end of their active phase, and rhythms were subsequently
monitored. Wheel running and drinking were subdued for about
24 hr and, upon resumption, showed various changes from
previous patterns. A large proportion of animals showed a phase
advance regardless of the time of injection. A subset of the
animals showed no phase shift but a lengthening of tau, and a
small proportion of the animals became "arrhythmic". This
arrhythmic pattern persisted even when the animals were placed
under a light:dark cycle. Lower doses (lnmol fluorocitrate /
cannula) consistently produced a lengthening of tau. Taken
together, these results support the hypothesis that astrocytes in
the SCN play an intimate role in the generation and maintenance
of circadian rhythms.
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VARIOUS TYPES OF SLEEP DEPRIVATION HAVE DIFFERENT EFFECTS ON
CEREBRAL PROTEIN SYNTHESIS IN THE RAT. P. Ramd* and R.K. Zoltoski.
Dept. of Psychology, Brock University, St. Catherines, ON L2S 3A1, Canada
We investigate possible restorative functions of sleep by mapping cerebral
protein synthesis (CPS) during sleep-wake states. In this study, we compared CPS
during post-deprivation recovery sleep under three conditions: a) a short period of
manual total sleep deprivation; 24 hr of island platform mixed sleep deprivation, and
computer-controlled total sleep deprivation.
Rats received electrodes for recording of EEG and EMG, and cannulae
allowing external access to the femoral artery and vein. A 3 day period was then
allowed for recovery from surgery. Control animals (n=16) were manually prevented
from entering sleep for 4-6 hr. This condition represents minimal deprivation and a
uniform high level of sleep need. A 24 hr platform condition (n=l 1) used mediumsized islands over water. This condition replicates classic REM sleep deprivation. A
final deprivation condition (n=9) used 24 hr in a computer-driven rocking cage,
which was produced total sleep deprivation (> 99%). Following the deprivation
period, the animals were allowed to sleep. L-l[14C]leucine was injected, timed
plasma samples were taken for LSC and analyses of free amino acids, and the
EEG/EMG were recorded for state monitoring. After 45 min, the brains were
extracted, cut in a cryostat, and processed for quantitative autoradiographic analysis
of CPS.
In the minimal deprivation (tired) and platform (some SWS deprivation,
total REM deprivation) conditions, we failed to observe a relation between recovery
SWS and rates of CPS. In contrast, the rocker deprivation group (total sleep
deprivation) exhibited a strong (p <0.01) negative• relation between CPS and SWS.
These data suggest that the metabolic consequences of classic REM sleep deprivation
are different from those of total sleep deprivation.

Recovery sleep in Fos-LacZ mice leads to a rapid
decline of the elevated Fos and 1-gal levels which
result from forced waking. J.E. Sherin P. Shiromani. J.
Morgan and C.B. Saper, Harvard Med. School, Boston MA
02115 & Roche Inst. of Molecular Biology, Nutley N.J. 07110.

Previously we reported that sleep-deprivation (SD) increases
the level of Fos-protein in the rat and cat brain, and that recovery
sleep (RS) following SD leads to its rapid decline. Using
transgenic Fos-LacZ mice (n=6), we examined the effects of SD
and RS on Fos and B-gal levels in brain. Mice were sleepdeprived for 3 hrs. Three mice were sacrificed for analysis
immediately after deprivation while remaining animals (n=3) were
allowed to sleep or wake spontaneously for 1.0,1.5 and 2.0
hours, at which point they were sacrificed for analysis.
Brains from animals not allowed recovery sleep contained high
levels of 6-gal and Fos which were particularly prominent in
cingulate and piriform cortices. In contrast, brains from animals
which slept spontaneously following deprivation showed a
dramatic decrease in B-gal and Fos.
These preliminary results in Fos-LacZ mice corroborate
findings in rat and cat that Fos and now 6-gal protein degradation
is enhanced during sleep. We propose that an increase in
degradative processes at the cellular level during sleep may be
central to the functions of sleep. Thus, the efficient elimination of
gene products that accumulate during waking may serve a
restorative function at the cellular and ultimately the organismal
level.

INVERTEBRATE LEARNING AND BEHAVIOR V
659.1

659.2

PHOSPHORYLATION OF THE CONDITIONINGASSOCIATED GTP-BINDING PROTEIN CP20 BY
PROTEIN KINASE C. T. J. Nelson*. C.-L. Yi and D. L.
Alkon. Laboratory of Adaptive Systems, NINDS, National
Institutes of Health, Bethesda, MD 20892.
The phosphorylation state of cp20, a low-MW
membrane-associated GTP-binding protein, was previously
shown to increase 2- to 3-fold in Hermissenda 24h after
associative conditioning. Iontophoretic injection of either
cp20 or protein kinase C (PKC) reproduces the biophysical
and structural modifications that accompany memory
acquisition. Associative conditioning causes translocation of
PKC from the cytosol to membrane. Here, cp20 is shown
to be phosphorylated by PKC. Marked differences in
activity were observed with the three major isoforms of
PKC, while casein kinase, CaM-kinase II, and cyclic AMPdependent protein kinase produced no detectable
phosphorylation of cp20, suggesting that the increase in
phosphorylation of cp20 after conditioning is due to PKC.
Phosphorylation of cp20 had no effect on its GTPase or
GTP binding activity, but caused a translocation of cp20
from cytosol to the nuclei / mitochondrial fraction.

GABA-INDUCED FACILITATION AT TYPE B TO A PHOTORECEPTOR
SYNAPSES IN HERMISSENDA. L.M. Schultz* and G.A. Clark. Program
in Neuroscience, Psych. Dept., Princeton University, Princeton, NJ 08544.
Enhanced type B photoreceptor excitability is a well-documented neuronal
correlate of associative learning in Hermissenda. However, recent evidence
suggests that facilitation at type B to A cell synapses may also contribute
to learning in this system. Serotonin (5-HT) has been implicated in both
type B cell excitability and synaptic strength changes, and y-ammobutyric
acid (GABA) has more recently been linked to type B cell excitability
changes. Here we examined whether GABA would also promote facilitation
at type B to A cell synapses.
Rapid bath perfusion with 100 pM GABA followed by a seawater rinse
(GABA + RINSE) enhanced the amplitude of inhibitory postsynaptic
potentials (IPSPs) elicited in type A cells by type B cell stimulation (mean
change ± SEM; +0.99 ± 0.18 mV; 4 = 5.56, p < .0005), as did 10 pM 5-HT
(+0.53 ± 0.18 mV; 4 = 2.92, p < .01), in confirmation of previous results. By
contrast, preparations continually perfused with either seawater (-0.33 ±
0.18 mV; 4 = 1.85, NS) or 100 pM GABA (-0.24 ± 0.21 mV; 4 = 113, NS)
showed no significant changes. An ANOVA (F3.36 = 11.86, p < .0001) followed
by Duncan pairwise comparisons revealed that the changes in IPSP
amplitude observed in the GABA + RINSE and 5-HT conditions were both
significantly greater than the changes in the other two conditions (P's < .01),
which did not differ. The observation that GABA + RINSE, but not
sustained GABA exposure, promotes synaptic facilitation suggests that when
GABA is present, its slow, modulatory effects on synaptic strength may be
counteracted by its faster shunting actions; hence, removal of GABA from
the bathing medium may have revealed its more sustained modulatory
actions. Because the GABA + RINSE condition approximates the transient
US-mediated activation of GABAergic hair cells which occurs during
associative training of the intact animal, these findings suggest a
straightforward means by which behavioral training could promote synaptic
facilitation in this system.
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VOLTAGE-SENSITIVE DYE RECORDING FROM THE APLYSIA
ABDOMINAL GANGLION INDICATES MODEST LE CELL RESPONSE TO
A LIGHT SIPHON TOUCH. C. Hickie*. L.B. Cohen, and P.M. Balaban. Dept.
of Physiol., Yale Univ. Sch. of Med., New Haven, CT 06520, and Inst. of
Higher Nervous Activity and Neurophysiol., Moscow.
Recent reports suggest that the LE sensory neurons may not be
activated by a light touch that initiates a gill-withdrawal reflex. We have used
voltage-sensitive dye recordings to evaluate the rote of LE sensory neurons
in the generation of gill withdrawals. In recordings made with the abdominal
ganglion in sea water, we detected action potentials in about 100 neurons in
response to a 1 or 2 g touch. The gill withdrawal in response to this stimulus

NOCICEPTIVE RESPONSES AND SENSITIZATION OF LE SIPHON
SENSORY NEURONS IN APLYSIA. P.A. Illich* and E.T. Walters.
Dept. of Integrative Biology, Univ. Texas - Houston Medical School, TX
77030.
Responses of LE sensory cells to mechanical stimulation were compared
in 1) a semi-intact preparation that allows unrestricted siphon
movements and 2) a pinned out preparation like that originally used to
characterize the LE cell response properties (Byrne, Castellucci, &
Kandel, J. Neurophysiol.37:1041, 1974). In both preparations LE cells
showed maximal activation (including afterdischarge for up to 15 sec)
by strong siphon pinch. LE cells displayed a very wide dynamic range to
von Frey hair stimuli, sometimes responding weakly to light pressure,
and showing graded activation to increasing pressures. Significant
depression of mechanosensory threshold was produced by either
pinching the unrestrained siphon or by testing the siphon in the pinned
out preparation. Siphon pinch or siphon pinning also dramatically
increased soma excitability. Water jets that activated LE cells in the

was vigorous and often seemed to be more than half as large as the
response to a 5 g touch. Additional recordings were made in a low calcium
or a high divalent sea water. This suppressed the activity of intemeurons and
motor neurons but presumably did not affect the response of sensory
neurons. In experiments on five animals we estimated the number of cells
meeting LE-cell criteria (i.e. small, no spontaneous activity, activated by touch
in altered divalency sea water, located in the LE region). In response to a
light touch a median of 5 cells (range 0 to 8) fired a median of 1.6 spikes/cell
(range 0 to 2.9). Given the small PSP size in gill motor neurons from LE
spikes relative to the overall PSP size in responses to siphon touch (Byrne
et al., J.Neurophysiol, 1978), this low activity level is consistent with the
existence of other sensory cells responsive to light touch. We estimate that
the LE contribution to the motomeuron PSP for light to moderate touches
ranges from 0 to 10% depending on the strength of the touch and the
behavioral state of the preparation. We are presently recording from other
regions of the abdominal ganglion and from other ganglia to search for cells
briskly activated by siphon touch in altered divalency sea water. Supported
by NSF grant IBN-9222214, and NIH grants NS08437 and NS07102.
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pinned out preparation rarely evoked responses in the unrestrained
siphon. Weak vibratory stimuli applied several cm away from the
siphon never activated LE cells, while reliably activating a set of
unidentified neurons in the abdominal ganglion. These results indicate
1) that LE cells can encode nociceptive information, as well as
information about innocuous mechanical stimuli, 2) that receptive field
injury greatly enhances peripheral and central excitability of the LE
cells, and 3) in an extension of previous observations (see Cohen et al.
Soc. Neurosci. Abstr. 17:1302, 1991), that Aplysia has unidentified
siphon mechanoreceptors that are far more sensitive to weak
mechanical stimuli than the LE cells are.
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OCTOPAMINE MAKES LOCUSTS PAY ATTENTION
JP Bacon1 M Stem2 JM Blagbum1* KSJ Thompson1
'Sussex Centre for Neuroscience, University of Sussex, Brighton BN1 9QG, U.K.
2Universitat Hamburg, Zoologisches Institut, D-20146 Hamburg, Germany
Like schoolchildren, insects experience boredom, showing declining responsiveness
to repetitive stimulation. However, both can be made more alert and attentive (or
aroused) by suddenly presenting an additional, novel stimulus. A clear example of
arousal in the locust is provided by the visual system: the habituated response of the
descending contralateral movement detector (DCMD) intemeuron to repetitive visual
stimuli can be dishabituated (aroused) by a variety of other visual and tactile stimuli'.
We believe octopamine mediates arousal in this system because we find its
exogenous application to the locust brain and optic lobes dishabituates the DCMD,
much like tactile stimuli do. The locust CNS contains 4 octopamine-immunoreactive
neurons, the protocerebral medulla 4 (PM4) neurons2, that could potentially mediate
this effect. PM4 neurons project from the deutocerebrum, through the protocerebrum,
and into the optic lobe. Mass spectrometry has confirmed that each PM4 cell body
contains approximately 25pg octopamine2. Activity in PM4 neurons is increased by
tactile stimulation of the locust's head or body, by auditory stimuli or by light on/off
visual stimuli2. To provide categorical evidence that PM4 neurons can dishabituate the
DCMD, we recorded extracellularly from the DCMD and intracellularly from one of
the PM4 neurons. When PM4 action potentials were suppressed with hyperpolarising
current, the DCMD habituated to a moving visual stimulus. However, depolarising a
PM4 neuron, to produce action potentials at approximately 20Hz, significantly increased
the number of DCMD action potentials per stimulus. The PM4 neurons therefore play
an important role, presumably by the release of endogenous octopamine within the
optic lobe, in dishabituation of DCMD by novel stimuli.
1. Rowell. C.H.F. (1971) J. Exp. Biol.SS, 727-747.
2. Stem, M. et al. (1995) J. Comp. Physiol. (in press).

CELLULAR ANALYSIS OF HABITUATION OF THE PROLEG WITHDRAWAL
REFLEX OF LARVAL MANDUCA SEXTA. D.E. Wiel*. E.R. Wood and J.C.
Weeks. Institute of Neuroscience, University of Oregon, Eugene, OR 97403.
Stimulation of planta hairs on an abdominal proleg of larval Manduca sexta
evokes withdrawal of the proleg toward the body wall. The proleg withdrawal
reflex (PWR) habituates with repeated deflection of one or more planta hairs (Wiel
& Weeks, 1992, Soc. Neurosci. Abstr. 18:942). In semi-intact preparations
consisting of a proleg and the associated segmental ganglion, repeated deflection of
a planta hair or electrical stimulation of its sensory neuron results in a decrease in
the number of spikes evoked in the proleg motor nerve (Wood, Wiel & Weeks,
1994, Soc. Neurosci. Abstr. 20:582). This decrease in evoked motor neuron activity
is a neural correlate of habituation of the PWR.
Using the same preparation, we recorded intracellularly from the principal planta
retractor (PPR) motor neuron during habituation training (20 brief trains of
electrical stimuli delivered to a planta hair sensory neuron, at 60 s intervals). The
number of spikes evoked in PPR decreased significantly over training, representing
a neural correlate of habituation in a single motor neuron. Several possible
underlying mechanisms were examined. The amplitude of monosynaptic EPSPs
evoked in PPR by the stimulated sensory neuron did not differ significantly before
and after training. PPR's resting membrane potential, input resistance and spike
threshold were also measured before and after training. There were no differences
between the habituation group and a control group which received only trials 1 and
20 during training. These results suggest that other mechanisms, such as changes
in polysynaptic pathways in the reflex circuit, may underlie habituation of the
Manduca PWR. Supported by NIH T32 GM07257 (DEW), R01 NS23208, K04
NS01473, the Murdock Trust and an NSF Presidential Young Investigator award
(JCW).
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CHARACTERIZATION OF A MORPHOLOGICALLY DISTINCT SUBSET OF
SENSORY NEURONS IN THE PLEURAL GANGLION OF APLYSIA. H. Zhang.*
J.H. Byrne and L.J. Cleary, Dept. of Neurobiology and Anatomy, Univ. Texas
Houston Medical School, Houston, TX 77225.
The tail-siphon withdrawal reflex of Aplysia is a useful model system for studying
simple forms of learning and memory. The sensory neurons mediating the reflex are
located in a cluster on the ventrolateral surface of the ganglion. Most of these neurons
project to the periphery through pedal nerves, including those to the head (Zhang et
al. 1993). A small number projected through the cerebral-pleural connective. Because
of their unusual projection, we wanted to confirm that these neurons were sensory in
function. Members of this subset (n=20) were identified by stimulating ipsilateral
cerebral nerves. Their location on the rostral edge of the cluster corresponded to the
subset of sensory neurons labeled by backfilling the cerebral-pleural connective.
Tactile stimulation of the head skin elicited action potentials without prepotentials.
Hyperpolarization of the cell body reduced the amplitude of the action potentials.
Most of these sensory neurons had receptive fields on the anterior tentacle (n=17).
and a few had receptive fields on the posterior tentacle (n=2) and lips (n=l).
Physiologically-identified cells were injected iontophoretically with 2% dextran
tetramethylrhodamine. All of these neurons projected out both the cerebral-pleural
and pleural-pedal connectives. Some of these neurons were bipolar (n=8). In 10
preparations, axons could be traced out cerebral nerves (C 1 = 1, C2=7, C4=2). In 2
preparations, a contralateral branch arose within the cerebral ganglion.
Our results suggest that a subset of sensory neurons located on the rostral edge of
the pleural sensory cluster are primary mechanoreceptors for the head. These neurons
are morphologically distinct in that they are either bipolar or bifurcate within the
pleural ganglion. Functionally, they may be more closely related to sensory neurons in
the J and K clusters of the cerebral ganglion, which also project to the pedal and
pleural ganglia, than to other sensory neurons in the pleural cluster.

CELLULAR CORRELATES OF LONG-TERM SENSITIZATION IN APLYSIA.
W.L. Lee*. M.Aguirre. L.J. Cleary. J.H. Byrne. Dept. of Neurobiology and
Anatomy, Univ. of Texas Medical School, Houston TX 77225.
Long-term sensitization is an important form of learning exhibited by the tailsiphon withdrawal reflex. Previous work demonstrated that long-term sensitization
was lateralized, and was correlated with changes in the membrane properties of tail
sensory neurons (Scholz and Byrne, 1987). In this study, we extended these
observations to include properties of both sensory and motor neurons innervating the
tail, as well as the synaptic connections between them.
Animals were trained as described previously (Scholz and Byrne, 1987).
Enhancement of siphon withdrawal was greater on the sensitized side of the animal
than on the contralateral control side (186 ± 14% vs. 121 ± 7%, P < 0.0001).
Training increased the excitability of sensory neurons from the sensitized side of the
animal. A depolarizing current pulse (2 nA, 1 sec) elicited 14.3 ± 1.4 spikes on the
sensitized side compared with 7.5 ± 1.2 spikes on the control side (P < 0.001).
Moreover, the afterdepolarization following the pulse was enhanced in sensitized
ganglia compared with controls (2.7 ± 0.8 mV vs. 0.7 ± 0.3 mV, P < 0.03). Resting
membrane potential and input resistance were unaffected. Training had no significant
effects on properties of tail motor neurons, including resting membrane potential,
input resistance and spike threshold. Synaptic currents elicited by a single action
potential in a sensory neuron were calculated by dividing the amplitude of the evoked
EPSP by the input resistance of the motor neuron. Training enhanced the calculated
synaptic current (1.85 ± 0.33 nA vs. 0.92 ± 0.23 nA, P < 0.03).
In these experiments, long-term behavioral training produced a lateralized
enhancement of sensory neuron excitability, which is consistent with the change in
net outward currents described previously (Scholz and Byrne, 1987). Synaptic
transmission between sensory and motor neurons mediating tail withdrawal was also
enhanced in the trained side of the animal. Therefore, these experiments confirm that
the same cellular changes induced in vitro (Zhang et al, 1994) are correlated with
long-term sensitization in vivo.
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CHANGES IN CALMODULIN (CAM) AND ROLE OF CA2+/CAM-DEPENDENT
PROTEIN KINASE II IN SYNAPTIC FACILITATION IN APLYSIA. F.Zhang*.
K.Nakanishi, D.A.Baxter, S.Hattar, O.R.Uui .JKMacphee..A.Eskin, and J.HJfvrns.
Dept. of Neurobiology & Anatomy, Univ. of Texas Med. Sch., Houston, TX 77030,
and Dept. of Biochem. and Biophys. Sci., Univ. of Houston, Houston, TX 77204.
Experiments using in vitro translation of mRNA indicated that the level of
mRNA for calmodulin (CaM) was increased by an in vitro analogue of sensitization
training in Aplysia (Zwartjes, et al., 1992). This raised the possibility that CaM and
Ca2+/calmodulin-dependent protein kinase II (CaMK) may play a role in the
induction and maintenance of short- and/or long-term facilitation (STF and LTF).
Indeed, we previously found that KN62, an inhibitor of CaMK, reduced 5-HTinduced STF in sensorimotor synapses in the pleural-pedal ganglia (Nakanishi et al.,
1994). The present studies have extended these findings. First, using ribonuclease
protection assays, we confirmed the increase of CaM mRNA in sensory neurons
(SN) induced by 5-HT, and also by behavioral training, which induced long-term
sensitization (see Lee et al., this volume). Second, we examined LTF in isolated
pleural-pedal ganglia.
The amplitudes of EPSPs at identified sensorimotor
connections were measured before and 24 hr after nerve stimulation, an analogue of
long-term sensitization training. Neither KN62 nor KN04 (an inactive form of
KN62), applied during stimulation, blocked the induction of LTF. Third, to test the
possible role of CaMK in the maintenance of LTF, we continued the experiment by
applying KN62 after the 24 hr tests, and testing the EPSPs again 15 min later. KN62
did not block the expression of LTF. Finally, we examined the effects of KN62 on
5-HT-induced spike broadening and increases in excitability in SN. KN62 was
applied to isolated SN soma after 3 baseline tests (ISI=5 min) and 15 min before the
application of 5-HT. KN62 by itself induced a slight increase in the duration of the
action potentials relative to KN04, but did not block 5-HT-induced broadening. In
addition, KN62 had no effect on either basal excitability or the 5-HT-induced
increases in excitability. These data suggest that a spike duration independent (SDI)
process contributes to STF and that CaMK plays a role in this SDI process.
Although CaMK does not appear to be necessary for LTF, calmodulin may act
through mechanisms other than CaMK.

A TOLLOID-UKE GENE IS REGULATED IN APLYSIA NEURONS BY
TREATMENTS THAT INDUCE LONG-TERM MEMORY. O. R. Liu*. S. Hattar.
K. MacPhee J...H...Bvrse#, and_A..Eskin. Dept. Biochem. & Biophys. Sci., Univ. of
Houston, TX 77204. #Dept. Neurobiol. & Anat., Univ. of Texas Med. Sch.,
Houston, TX 77030.
Long-term facilitation of sensory-motor connections of Aplysia is produced by
long-term sensitization training or procedures that mimic that training. The long-term
effects are dependent on protein and mRNA synthesis (Montarolo et al., 1986).
Recently, we began to use differential display reverse transcription PCR (DDRTPCR) to identify genes whose expression is regulated by long-term training
procedures. We found several mRNAs whose levels appeared to be regulated
immediately after treatment of isolated pleural-pedal ganglia with 5-HT for 1.5 hr.
One of these mRNAs was selected for further study. The labelled PCR fragment
affected by 5-HT was reamplified and cloned. To confirm the change in mRNA of
this clone observed using DDRT-PCR, ribonuclease protection assays (RPA) were
performed to examine mRNA from pleural-pedal ganglia treated with 5-HT for 1.5 hr.
5-HT significantly increased the levels of mRNA for this clone in the ganglia.
Moreover, this mRNA was also increased in tail sensory neurons isolated from the
ganglia. Finally, we found that this mRNA level in sensory neurons was also
increased by long-term behavioral training.
Aplysia head ganglia cDNA libraries were screened to identify the gene affected by
5-HT. Eight separate positive clones were isolated with different insert sizes (1.5—4.0
kb). Sequence analysis showed that the Aplysia gene affected by 5-HT is 41-45%
identical to a deyelopmentally regulated gene family including Drosophila tolloid gene
and human bone morphogenetic protein 1 (BMP-1). Both tolloid and BMP-1 appear
to function as zinc proteases to activate TGF-J3 like molecules. The finding that a
tolloid-like gene is regulated by 5-HT is important because a large number of studies
have shown that synaptic morphological changes accompany the formation of
memory in Aplysia and in other animals. The Aplysia tolloid-Uke protein could be
involved in regulating the morphological changes that are associated with long-term
facilitation and other examples of synaptic plasticity.
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CLONING AND CHARACTERIZATION OF A NOVEL GENE REGULATED
BY TREATMENTS PRODUCING LONG-TERM FACILITATION IN
APLYSIA SENSORY NEURONS.
K.MacPhee. R.Homavouni. X.Ren.
H.West. J.H.Byme#. and A.Eskin*. Dept. of Biochem. and Biophysical Sci.,
Univ. of Houston,77204. Dept. of Neurobiology and Anatomy#, Univ. of Texas
Med. School, Houston, TX 77225.
Long-term memory in Aplysia requires protein and RNA synthesis and can be
induced by exposing neural tissue to serotonin (5-HT) (Montarolo, 1986). Using
in vitro translation of mRNA and two-dimensional polyacrylamide gel
electrophoresis of the protein products, we previously found three proteins,
calmodulin, phosphoglycerate kinase and an unidentified one (protein 3) whose
mRNA levels were increased in response to treatments that mimic sensitization
training (Zwartjes et al, 1992; Eskin et al, 1993). To identify protein 3, we
screened a Lambda Zap library of Aplysia ganglia with a 132 bp PCR probe
amplified using degenerate oligonucleotides designed from the peptide sequence. A
1750 bp cDNA clone, which contained the DNA sequence that codes for the
original peptide (58 amino acids), was isolated. An amino acid sequence of 210
residues deduced from the middle of the cDNA clone of protein 3 yielded no
similar sequences in a search of Genbank. Approximately 90% of the cDNA clone
has been sequenced in one direction. We are currently sequencing the opposite
strand. To confirm the change in levels of mRNA we initially observed,
ribonuclease protection assays have been used to measure mRNAs. Levels of
protein 3 mRNA in pleural sensory neurons were increased by 88±30%, n=5
when ganglia were exposed to 5-HT for 1,5h. Moreover, long-term behavioral
training also increased protein 3 mRNA (48±11%, n=6) in sensory neurons.

ACQUISITION
AND
RETENTION OF
HABITUATION
OF
THE
OLFACTO-CARDIAC
RESPONSE
IN
PROTOPHORMIA
TERRAENOVAE.
A.M. Angioy*. P.
Casula.
P. Muroni, N. Piroddi. C. Reali, I. Tomassini
Barbarossa. Department of Experimental Biology, General
Physiology, University of Cagliari, Viale Poetto 1, 09126
Cagliari, Italy.
Olfactory stimulation of antennal receptors can release
the cardiac response of premature heart-beat reversal in
the blowfly. Repeated stimulation with 1-hexanol vapors
can iteratively evoke the response or lead to response
habituation depending on the efficacy of the chemical
concentration
in
inducing
behavioral
responses
of
rejection as well.
By simultaneously recording heart activity and sensory
input on intact flies, we examined the dynamics of
acquisition and retention of response habituation as a
function of stimulus intensity and interstimulus interval
(ISI). The response habituates faster to low intensity
stimulation repeated at the shortest and longest
ISI.
Duration of habituation retention
is directly related to
stimulus intensities adopted, and it ranges between 30’
and
120’ mean values. The response to olfactory
stimulation is promptly restored in habituated flies, i.e.
dishabituation takes place, following intense stimulation
of mechano-taste receptors on the labellar area.
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LONG-TERM HYPEREXCITABILITY OF APLYSIA SENSORY
NEURONS; INTERACTIONS OF AXOTOMY AND 5-HT. X, Liao. I, D.
Gunstream. T. M. Grogean. and E.T. Walters*. Department of Integrative
Biology, Univ. of Texas - Houston Medical School, TX 77030.
Both repeated 5-HT application to sensory neurons (SNs) in dissociated
cell culture (Dale & Kandel, J. Neurosci. 7:2232, 1987) and close axotomy
of SNs in organ culture (Gunstream et al., J. Neurosci. 15:439,1995)
enhances soma excitability 1 day later. To begin to explore potential
interactions between signal pathways activated by axon injury and by 5HT, we have examined the effects of 5 applications of 5-10 pM 5-HT on
SNs axotomized different distances from the soma 1-2 hr earlier. 5-HT
treatment enhanced the excitability (tested 20-30 hr later) of SNs whose
axons had been crushed 10-20 mm from the soma (8.6 ± 0.7 spikes after 5-

AXOTOMY-INDUCED HYPEREXCITABILITY OF APLYSIA SENSORY
NEURONS REQUIRES PERIPHERAL CALCIUM. T. D. Gunstream*. G.A.
Castro and E.T. Walters. Department of Integrative Biology, Univ. Texas
- Houston Medical School, TX 77030.
Nerve injury in Aplysia leads to long-term hyperexcitability of the
central somata of sensory neurons (SNs), which is triggered (at least in
part) by retrograde transport of axonal injury signals to the soma
(Gunstream et al., f. Neurosci. 15:439, 1995). To begin to define initial
cellular signals of axonal injury we used an in vitro preparation in which
peripheral nerves containing axons of VC SNs could be treated selectively.
24-30 hr after proximal nerve crush, a 1 sec depolarizing pulse at 2.5x

HT vs. 6.0 ±1.1 spikes in contralateral controls, p=0.02; n=7 animals).
This distance is short enough to allow retrograde transport of axonal
injury signals to the soma within 20 hr. In contrast, 5-HT application
had little effect on the excitability of SNs in which the distance to the
axonal crush was too long (>40 mm) for such signals to reach the soma by
this time (4.5 ± 1.2 vs. 4.2 ± 0.7 spikes, n=5). [However, 1 of these 5 "long
nerve" preparations did show a significant within-animal effect of 5HT. ] Repeated application of 50 pM 5-HT had no obvious effect in the
"long nerve" preparation (3.5 vs. 3.5 spikes, n=2 animals). These results
suggest that axonal injury signals may permit 5-HT-induced long-term
hyperexcitabilty to be expressed. Injury signals produced by extremely
close axotomy (excising the SN somata) were not sufficient to permit 5-

HT^dependent soma hyperexcitability (5.9 ± 1.3 after 5-HT vs. 6.8 ± 0.7
spikes, n=5 animals), indicating that interactions between 5-HT and
axotomy signals are complex and depend upon the site of axonal injury.

659.15

ACETYLCHOLINE INDUCES INK SECRETION FROM ISOLATED INK VESICLES IN
APLYSIA. T.L Ross*, J.Prince and TGNolen Dept. of Biology, University of
Miami, P.O. Box 249118, Coral Gables, FL 33124.
The secretion of ink provides Aplysia with an active chemical defense against
predators (Nolen et al, JCP 176:239-254). Ink pigments are extracted from the
phycobilisomes of red algal rhodoplasts. An ultrastructural analysis combined with
immuno-gold labeling of phycoerythrin (the main ink pigment) suggests that it is
released by rhodoplast catabalism in the hepatopancreas. Soluble pigments are taken
up by granulate cells within the ink gland via coated vesicles and then packaged in
large (50-1000pm) secretory vesicles that develop from single uni-nucleate cells.
Activation of muscles sunrounding each vesicle forces ink through a valved duct to
the gland's surface.
Ink secretion is centrally mediated by a neural circuit within the Abdominal
ganglion (Abd. g.) [Carew and Kandel, 1977], We present evidence that the
peripheral control of vesicle activation is cholinergic: Isolated individual ink vesicles
were dissected from undisturbed ink glands and assayed using an ascending conc.
series of ACh dissolved in high divalent cation ASW. ACh induced ink release from
33 of 38 vesicles compared to 1 of 9 controls (p<0.0005) (N=3 animals). At least
75% of the vesicles released ink at ACh concentrations < 0.5mM (median =
0.25mM). Koester & Kandel (1977) report that the identified neurons in the Abd. g.
thought to be responsible for generating the inking response (L14a _c ) are noncholinergic. Our evidence for cholinergic activation of individual ink vesicles implies
the existence of yet unidentified cholinergic central and/or peripheral ink
motoneurons. This is further indicated by experiments where the peripheral nerves
containing the axons of L14ac were cut. Following recovery, ink secretion was still
observed if other peripheral nerves were left intact (N=5). These results suggest that
other neurons in addition to L14a .q are sufficient for inking. Currently we are
employing intracellular staining, tract tracing, immunohistochemical and
pharmacological techniques to identify central and peripheral neurons of the ink
circuit.
[Sippoxedl by rn NMH BRSG to TGN uid IP]
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threshold elicited 6.8 ±. 0.8 spikes in axotomized SNs, whereas paired,
contralateral SNs whose axons were left in 0 Ca2+ (nominally) or 0 Ca2+

and EGTA displayed only 3.8 ± 0.3 spikes (p<0.001, n=29 cell pairs). A
solution containing 100 pM Ca2+ did not prevent hyperexcitability (7
spikes vs. 6.5 spikes in normal Ca2+, n=8 cell pairs). Elevation of Ca2+

alone does not appear sufficient to trigger hyperexcitability since calcium
ionophores (100 pM ionomycin or calcimycin) applied to long nerves
(which do not exhibit hyperexcitability within 30 hr) had no significant
effect (4.0 spikes vs. 4.4 spikes without ionophores, n=24 cell pairs).
However, an initial study using 100 pM BAPTA-AM (which is membrane
permeant) suggests that an elevation of intracellular Ca2+ may be
necessary for triggering long-term hyperexcitability. How Ca2+ exerts its

necessary role(s) is not known. Preliminary experiments have revealed no
consistent effects on hyperexcitability of bathing the nerve crush site with
several nonspecific inhibitors protein kinases (K-252a, staurosporine, and

KN-62; 5-20 pM each).
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660.1

660.2

RAPID CONDITIONED CHANGES IN TASTE REACTIVITY
RESPONSES: COMPARING TASTE AND ODOR CUES. K.-P.
Ossenkopp*, B. Navarro, L. A. Eckel and S. N. D. A. Clarke.
Neuroscience Program and Department of Psychology, University
of Western Ontario, London, Ontario, Canada, N6A 5C2.
Conditioned flavour aversions (CFAs) can be produced by pairing
ingestion of a novel food with exposure to a toxin, such as LiCl.
Using a rapid, within session, conditioning paradigm, the effects of
pairing a novel taste (saccharin), odor (almond), or taste-odor
mixture (saccharin-almond) with LiCl treatment, on conditioned
changes in taste reactivity responses (TRRs) were examined. On 2
occasions male rats were injected with NaCl or LiCl (3 meq/kg,
i.p.) placed in an observation box for 30 m.in, and given 7 brief (30
sec) intraoral infusions (0.78 ml/min) of a sodium saccharin (0.2%),
almond odor (2%), or saccharin-almond mixture dissolved in
distilled water, at 5 min intervals. Relative to the NaCl control rats,
the LiCl treated subjects exhibited significant (ps < 0.01) conditioned
reductions in ingestive TRRs and increased levels of passive drip.
When tested with saccharin or almond alone in a CFA test phase
(no injections), conditioning to the taste or odor cue was found to
be equally strong. The present results provided no evidence for a
taste-potentiated odor conditioning effect. (Supported by NSERC
and MRC of Canada).

EXCITOTOXIC LESIONS OF THE RAT LATERAL HYPOTHALAMUS:
EFFECTS ON TASTE AVERSION. J.M. Scollon, M.P. Latimer and P. Winn
(SPON: Brain Research Association) School of Psychology. Univ. St Andrews,
Fife. Scotland KY16 9JU.
’

Excitotoxic lesions of lateral hypothalamus (LH) produce small reductions in
intake: no motor impairments: continued ability to regulate intake after addition
of glucose or salt to the diet: normal responding to food and water deprivation
(including prandial drinking). LH lesioned rats also show normal motivation
measured by responding for food on progressive ratio . schedules. There are
though always impairments in responding to physiological challenges such as
hypertonic saline. Excitotoxic lesioned LH rats also respond as controls to
adulteration of the diet with quinine or saccharin, indicating normal taste
processing. Taste aversion conditioning (the association of a specific taste with
experimentally produced malaise) has not been investigated. To examine this,
bilateral LH (2.0 pi 0.09M NMDA in phosphate buffer) and control (2.0 pl
phosphate buffer) rats were water deprived for 19h/day for 3 days. On the fourth
day rats were given 0.15% saccharin solution instead of water for 30 min. Intake
did not differ between lesioned and control rats. Immediately after, half the LH
and half the controls were given 20ml/kg 0.15M LiCl: the remainder had an
equal volume of NaCl. Behavior was observed for 30 min post-injection. All
LiCl treated rats showed a characteristic "lying-on-belly” reaction. 3 days after
this rats had a two-bottle drinking test: one bottle contained 0.15% saccharin
solution, the other tap water. Intake of saccharin solution was suppressed in both
LH and control rats which had previously had LiCl injections: injection of NaCl
had no effect. In further tests, drinking in response to hypertonic saline was
significantly suppressed in LH rats compared to controls. These data indicate
that LH lesioned rats which characteristically fail to respond as controls to
injections of hypertonic saline perform normally in tests of taste aversion.

660.3

660.4

AMYGDALA LESIONS ATTENUATE PICA ELICITED BY LITHIUM
CHLORIDE INJECTIONS BUT NOT BY FOOD DEPRIVATION IN RATS.
D. Mitchell*1 and 2S. Maren. ’Dept. of Psychol., Univ. of So. Calif., Los Angeles,
CA 90089, 2Dept. of Psychol., Univ. of. Calif., Los Angeles, CA 90024.
The amygdala is known to modulate a wide spectrum of visceral phenomena
including gastric motility, secretions, pathology, and gastrointestinal malaise. In
previous research, we have demonstrated that pica, the consumption of non-nutritive
substances, is a useful animal model for quantifying unpleasant visceral sensations
produced by a variety of treatments such as food deprivation and lithium chloride
injections. We here report two experiments investigating the effects of bilateral
electrolytic (Experiment 1) and ibotenic acid (Experiment 2) amygdala lesions on
food deprivation- and illness-elicited pica. In Experiment 1, lesioned and shamoperated rats were maintained with food, water, and kaolin (non-nutritive clay)
continuously available throughout the testing sequence, except for the initial food
deprivation test during which the food was removed from all rats for 24 h. Two
weeks following surgery and three days following the food deprivation test, half of
the sham rats and rats with amygdala lesions were administered lithium chloride
(0.15 M, 20 ml/kg, i.p.) every third day for a total of five treatments. The remaining
sham rats were treated identically except that they were administered an equivalent
volume of isotonic saline (0.15 M) on each of the five treatment days. Though all
three groups engaged in comparable amounts of deprivation-elicited pica, amygdala
lesions eliminated the robust increase in illness-elicited pica apparent in shams given
repeated lithium chloride treatments. Saline controls did not engage in pica on any
treatment day. A similar pattern of results was obtained in Experiment 2 with
ibotenic acid lesions in the amygdala. These results reveal that neurons in the
amygdala mediate behavioral responses to the visceral malaise induced by lithium
chloride, but not by food deprivation, and they further demonstrate the utility of pica
as an effective tool in studying the psychophysics of subjective visceral sensation.

THE EFFECT OF INSULAR CORTEX LESIONS ON LITHIUM CHLORIDE
INDUCED BEHAVIORAL RESPONSES AND CONDITIONED TASTE
AVERSION. P. A. Bryant*. M. A. Norris and I. S. McGregor Dept.
Psychology, University of Sydney, NSW, 2006, Australia.
Lithium chloride (LiCl) produces nausea and emesis in humans and is
frequently used to induce conditioned taste aversions (CTA) in animals. In
rats, LiCl induces a series of unconditioned responses including reduced
food intake, hypothermia and decreased motor activity as well as "lying on
belly" (LOB), believed to be a postural index of malaise.
The insular cortex (lC) receives taste and visceral afferents from thalamic
and brainstem nuclei and has been implicated in the acquisition and
retention of CTAs. Previous research from our laboratory has
demonstrated increased expression of the c-fos gene in the lC of rats
following LiCl injection and following exposure to conditioned and
unconditioned taste stimuli.
Water-deprived lC lesioned and sham lesioned rats were given 30min
access to 0.1% saccharin solution and then immediately injected (i.p.) with
LiCl (0.15M, 20 mg/kg). They were assessed for unconditioned effects of
LiCl (hypothermia, anorexia and LOB) for one hour. Starting two days later,
they were given four daily one-bottle test sessions (30min) where intake of
saccharin was measured. IC lesions had no effect on any of the
unconditioned responses to LiCl, with sham and lesioned animals
exhibiting a similar level of LOB, aphagia and hypothermia. IC lesions also
had no effect on neophobia to the 0.1% saccharin. However, IC lesioned
animals showed significantly faster extinction of a CTA to saccharin.
This suggests that although the insular cortex is clearly activated by LiCl
(as shown by c-fos expression) it does not mediate the unconditioned
effects of LiCl. Rather it may be that the insular cortex is involved in the
associational mechanism whereby taste and illness are paired.

660.5

660.6

ALTERED INDUCTION OF c-FOS IN THE CENTRAL NUCLEUS OF THE
AMYGDALA (CeN) CORRELATED WITH CONDITIONED TASTE AVERSION
EXPRESSION. T.A.Houpt*. R.A. Berlin, and G.P. Smith E.W.Bourne Behav.
Res.Lab.,Dept.Psychiatry, Cornell Univ.Med.Coll., White Plains, NY 10605.
The induction of c-Fos-like immunoreactivity (c-FLI) in the intermediate nucleus of
the solitary tract (iNTS) is a neuronal correlate of conditioned taste aversion (CTA)
expression (Houpt et al., 1994; Swank et al., 1994). Decerebrate preparations have
demonstrated that intact connections between the hindbrain and forebrain are required
for behavioral expression of a CTA. The CeN is a candidate forebrain site required for
CTA expression. We quantified c-FLI induction after CTA expression in the CeN as a
marker of neuronal activation during CTA expression.
Adult male rats were implanted with sublingual intraoral catheters. Conditioned rats
received intraoral infusions of 5% sucrose (6ml/6min) paired with a LiCl injection
(12mlTkg, 0.15M ip) 3 times over 1 week. Unconditioned controls received LiCl and
sucrose on alternate days (non-contingently) so that no CTA against sucrose was
acquired. Two days after the last pairing, rats recieved an unpaired infusion of 5%
sucrose (6ml/6min). One hr later, rats were sacrificed and processed for c-FLI. Positive
cells were counted within a 0.25 mm radius circle centered on the CeN in conditioned
and unconditioned rats. An intraoral infusion of sucrose induced more c-FLI-positive
cells in the CeN of conditioned rats (68.3 ± 13.1, n=3) than a sucrose infusion did in
unconditioned rats (21.0 ± 2.6, n=3). An acute LiCl injection (0.15M, 12ml/kg) also
induced large numbers of c-FLI positive neurons in the CeN (155.0 ± 9.7, n=3). All 3
groups were significantly different from each other (p's <0.005).
Thus the CeN responds differently to an intraoral sucrose inftision at the level of
gene expression after acquisition of a CTA against sucrose. The observation of altered
c-FLI induction in the CeN complements and parallels our observation of altered cFLI induction in the iNTS. The CeN has reciprocal connections with many brain
regions, including the medial iNTS. This raises the possibility that the induction of
c-FLI in the iNTS during CTA expression is causally linked to activation of the CeN.
Supported by the Whitehall Fdtn and NY Obesity Ctr (TAH) and MH00149 (GPS).

VARIATION IN AVOIDANCE OF BITTER COMPOUNDS BY
RODENTS AND BIRDS. S.A. Wager-Pag6* and J.R. Mason.
USDA/APHIS/ADC/DWRC, c/o Monell Chemical Senses Center,
Philadelphia, PA 19104.
Quinine hydrochloride (QH) and denatonium benzoate (DB) are nontoxic, chemically dissimilar, bitter tasting compounds. The perceived
toxicity of bitter compounds can modify dietary selection by rodents and
birds. We evaluated responses of two rodent species, deer mice,
Peromyscus manteulatus and, prairie voles, Microtus ochrogaster. and
an avian species, European starlings, Sturnis vulgaris to the bitter
taste of QH and DB. The effect of adulteration of a preferred food,
apples, by soaking in QH or DB (0.01 & 0.1% v/v) solutions was
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evaluated during 2 hr, 2 choice feeding trials. Both DB and QH (0.01 &
0.1% v/v) decreased apple intake in mice, voles, and starlings P<0.05.
Voles exhibited greater avoidance of QH (0.1%) than DB (0.1%)
selecting 27.8% of their intake from the QH adulterated apples
compared to 39.8% from DB treated apple pieces in separate trials,
P<0.05. Voles avoided QH to a greater extent than either mice or
starlings, P>0.05. European starlings were less sensitive than either
deer mice or prairie voles to these bitter substances requiring higher
concentrations of QH and DB to inhibit intake. Despite intraspecies
variation in responsiveness, both rodents and birds avoided QH and DB
adulterated apples. Therefore, these compounds may be useful in
wildlife management of a diverse number of vertebrate species. (This
work was supported by a cooperative agreement between
USDA/APHIS/ADC/ DWRC and Monell Chemical Senses Center.)
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660.7

FOREBRAIN CONTRIBUTION TO THE CONDITIONED
EXPRESSION OF c-FOS IN NTS FOLLOWING TASTE
AVERSION LEARNING. Glenn E. Schafe. Randy J. Seeley. &
Ilene L. Bernstein*. Department of Psychology, University of
Washington, Seattle, WA 98195

The induction of c-Fos-like immunoreactivity (c-FLI) in intermediate
NTS following re-exposure to a taste (CS) which has been paired
with LiCl appears to be a reliable cellular correlate of the behavioral
expression of a conditioned taste aversion (CTA). This pattern of cFLI is similar to that seen following administration of the US drug
(LiCl). The present studies employed a variant of the chronic
decerebrate rat preparation to explore whether circuitry intrinsic to the
brainstem is sufficient to support the induction of c-FLI in NTS
following both administration of the US drug and re-exposure to the
CS taste. In the first experiment, chronic hemidecerebrate rats, which
have a unilateral supracollicular brain transection, were injected with
either LiCl or NaCl. Hemidecerebrates in the second study were reexposed to a saccharin CS which had been either paired or unpaired
with LiCl. Results indicated that the bilateral induction of c-FLI
following LiCl administration was unaltered, by the transection, while
expression of c-FLI following exposure to the CS taste was evident
only on the side of the brain which retained neural connections with
the forebrain. These ' findings indicate that forebrain connections are
necessary for the induction of c-FLI in NTS during the behavioral
expression of a CTA, but not for that following administration of
LiCl. Thus, in the CTA paradigm, two distinct neural pathways
appear to mediate the response to the US (LiCl) and CS (taste).

660.9
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660.8

ROLE OF THE AREA POSTREMA IN CISPLATIN-INDUCED
TASTE AVERSION LEARNING IN RATS. B. M. Rabin*. Dept. of
Psychology, Univ. of Maryland Baltimore County, Baltimore, MD 21228.
A conditioned taste aversion (CTA) is produced when ingestion of a
novel food is paired with a toxin, such that the organism avoids ingestion
of the food at a subsequent presentation. CTA learning following
treatment with many toxins in dependent upon the integrity of the area
postrema (AP), the chemoreceptive trigger zone for emesis. Two sets of
experiments examined the role of the AP in the acquisition of a cisplatininduced CTA and its relationship to a CTA produced by lithium chloride
(LiCl).
Injection of cisplatin (3-5 mg/kg, ip) produced a significant test day
reduction in the intake of the conditioned stimulus (10% sucrose
solution) using a two-bottle test. However, interpretation of these results
was confounded by the observation that the injection of cisplatin also
produced a reduction in total fluid intake. AP lesions prevented both the
acquisition of the cisplatin-induced CTA and the reduction in fluid
intake. Preexposing rats to 3 unpaired injections of LiCl (3 mEq/kg, ip)
prevented cisplatin-induced CTA learning. Preexposure also prevented

the cisplatin-induced reduction in fluid intake.
The results support the hypothesis that the integrity of the AP is

necessary for the acquisition of a cisplatin-induced CTA, and that the
mechanisms by which cisplatin leads to the acquisition of a CTA are
similar to those of LiCl.

660.10

TASTE AND OTHER ORAL RESPONSES ASSOCIATED WITH
OVEREATING.P.J.Geiselmari, C.F.Smith, D.A.Williamson,
V.Broussard, R.Plum, L.Womble, V.Nquyen, C.Carlton,
N.Baker. G.A.Bray.C.Champagne, and D.H.Ryan.
Dept.
Psychol. & Pennington Biomedical Research Center,
Louisiana State University, Baton Rouge, LA 70808.
Caloric intake can be largely determined by the
palatability of food and many highly palatable foods are
high in sugar and fat content.
The present study was
conducted to determine how taste and other oral
responses to a high sugar/high fat preload may account
for overeating. The Three-Factor Eating Questionnaire
was used to identify four groups of women according to
history of dieting (High or Low Restraint) and tendency
to binge eat (High or Low Disinhibition). Half of the
subjects were given a high sugar/high fat preload of
chocolate pudding to eat and then were presented with a
standard pasta product and told that they could eat as
much or as little as they wished. Control subjects were
given the pasta only.
Regardless of patterns of
Restraint or Disinhibition, subjects in the Preload
condition ate twice as many calories as did subjects in
the control condition. Data will be presented to show
how taste and other oral responsivity to the high
sugar/high fat chocolate preload are associated with
overeating in each of the four groups.

FAT PAD-SPECIFIC RESPONSES TO HIGH-FAT OR HIGH-CARBOHYDRATE DIET IN DIABETIC RATS. M.F. Wiater*. C.A. Matson. M.
Chavez, and S.C. Woods. Department of Psychology, University of
Washington, Seattle, WA 98195.
Retroperitoneal white adipose tissue (RWAT) and mesenteric white
adipose tissue (MWAT) are more responsive than epididymal white
adipose tissue (EWAT) to changes of food intake. Neural and/or humoral
factors could be involved. To differentiate these possibilities, we changed
the humoral environment by use of streptozotocin (STZ). Diabetic rats (STZ
60 mg/kg; glucose> 400 mg/dl) were divided into two weight- matched
groups and fed a high-fat diet (HF; n=15; fat = 43%, carb=19% by weight of
diet) or a high-carbohydrate diet (HC; n=13; fat=6%, carb=70% by weight of
diet). Non-diabetic controls (n=6) weighed 339 ± 6 g. Diabetes resulted in
hyperphagia on the HC diet, but normophagia on the HF diet. Beginning
body weights of HF (348 ± 8 g) and HC (345 ± 9 g) were not different. At
sacrifice, 4 wks, body weights of HF (347 ± 12 g) and HC (345 ±11) were
also not different, nor were they different from beginning body weights.
HC combined fat pad mean weight (5.0 ± 0.6 g) was reduced significantly
(p<0.05) compared to HF combined fat pad mean weight (95 ± 0.8 g). HF
rats had comparable EWAT (3.4 ± 0.3 g) and RWAT (3.7 ± 0.5 g) weights.
However, HC rats had smaller RWAT (1.4 ± 0.3 g) than EWAT (2.2 ± 03 g).
In controls, RWAT (4.4 ± 0.3 g) was heavier than EWAT (3.4 ± 0.2 g). Thus,
in non-diabetic controls RWAT weighs more than EWAT; in HF, RWAT
weighs the same as EWAT; and, in HC, RWAT weighs less than EWAT.
MWAT weighs less than EWAT. MWAT mean weight in HC rats was 1.3 ±
0.1 g and in HF rats was 2.1 ± 0.2 g. These results suggest that RWAT is
more responsive to dietary differences in diabetic rats than MWAT or
EWAT, and that humoral factors are probably important in its control.

660.11

660.12

HYPERINSULINEMIA IN HYPERPHAGIC RATS WITH POSTERODORSAL
AMYGDALOID LESIONS. B. M. King*, J. T. Cook, and M. F.
Dallman. Dept. of Psychology, Univ. of New Orleans, New
Orleans, LA 70148, and Dept. of Physiology, Univ. of
California, San Francisco, CA 94143.
Recent studies have found that lesions of the
posterodorsal amygdala in female rats result in hyperphagia and excessive weight gain (King et al., 1993,
1994). The animals gain as much as 100 g in 20 days.
In the present study,.female rats with either sham or
posterodorsal amygdaloid lesions were maintained on a
restricted feeding schedule for five days and then were
given food ad libitum for 15 days. The rats with
amygdaloid lesions gained a mean of 52 g during the final
15 days, compared to 14 g for controls. Plasma insulin
levels were significantly elevated (p < .001) in the
rats with amygdaloid lesions both during food restriction
and at the end of the ad libitum feeding period. Basal
corticosterone and ACTH levels were unaffected by the
lesions. These results suggest that the effects of
posterodorsal amygdaloid lesions on feeding behavior and
body weight may be mediated, in part, by a change in
metabolic responses;.

TEMPORAL, BUT NOT SENSORY, LEARNED SIGNALS FOR MEAL INITIATION
ARE ASSOCIATED WITH TRANSIENT DECLINES OF BLOOD GLUCOSE IN
THE RAT. H.P. Weingarten*. F.J. Smith. L.A. Campfield and D. Elston. Department
of Psychology, McMaster University, Hamilton, Ontario, Canada, L8S 4K1.
Rats that have learned to associate cues with food delivery reliably initiate meals upon
subsequent exposure to these learned signals for meal initiation. We explored whether
the transient decline of blood glucose that is causally related to spontaneous meal
initiation was also evident in cases of conditioned meal initiation. Over a 12 day period,
male rats were conditioned to associate a tone-light CS+, presented at 3 hr intervals, with
food and the opportunity for ingestion by providing six such signalled meals per day.
After conditioning, rats were maintained ad libitum except for approximately 3 hr food
deprivation imposed before tests examining the effects of the CS+ on meal initiation and
blood glucose. Although the CS+ reliably elicited food anticipatory behavior and meal
initiation, its presentation did not result in any systematic change of blood glucose, as
measured with continuous withdrawal on-line blood glucose monitoring. However,
measurement of blood glucose during the intermeal interval revealed the presence of a
transient decline of blood glucose at times that, as a result of the conditioning schedule,
rats had learned to anticipate a meal. The parameters of this blood glucose dynamic
were similar to the premeal decline of blood glucose associated with the initiation of
spontaneous meals. Control rats that had not been provided with an opportunity to learn
that meals were provided every 3 hr showed no analogous changes in blood glucose
concentration during the intermeal interval. These studies further define the occasions
under which meal initiation is associated with transient declines of blood glucose and
suggest that this dynamic may be related to meals initiated in response to endogenous
signals as opposed to meals instigated by external signals such as exteroceptive CS+'s
or the presence of palatable foods.
Supported by Natural Sciences and Engineering Research Council of Canada

and Hoffmann-Laroche.
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660.13

LATERAL PARABRACHIAL NUCLEUS (1PBN) BLOCKADE
ATTENUATES SALINE INTAKE BY RATS WITH LESIONS OF
THE AREA POSTREMA AND ADJACENT NUCLEUS OF THE
SOLITARY TRACT (AP/mNTS-lesion).
T. Wang* and G.L.
Edwards. Dept. of Physiol. & Pharmacol., Coll. of Vet. Med., Univ.
of Georgia, Athens, GA 30602
Previous studies indicate that 3 h ad libitum saline intake as well as
intake after sodium depletion by rats with AP/mNTS-lesions is greater
than sham-lesioned rats (Am. J. Physiol. 264.R1242, 1993).
Additionally, rats with AP/mNTS-lesions consume increased amounts
of highly palatable food (Physiol. & Behav. 32:923, 1984).
Electrolytic lesions of the 1PBN block or reverse the overingestion of
palatable food observed in AP/mNTS-lesioned rats if the lPBN-lesion
precedes the AP/mNTS-lesion (Am. J. Physiol. 256:R306, 1989).
The present study examined the effect of lidocaine blockade of the
1PBN on saline intake in AP/mNTS-lesioned and sham-lesioned rats.
All animals were implanted with bilateral cannulae in the 1PBN.
Bilateral injection of lidocaine into the 1PBN significantly attenuated
2% saline intake in AP/mNTS-lesioned rats after sodium depletion.
There was no effect of 1PBN lidocaine on depletion-induced intake in
sham-lesioned rats. This study suggest that UPBN plays an important
role in the enhanced sodium appetite observed in rats with AP/mNTS

lesions. (Supported by NIHDK 42533)

WEDNESDAY AM

660.14
WATER LOADS DURING SODIUM DEPLETION FACILITATE SALT
APPETITE IN SFO-LESIONED RATS. E, M. Starbuck, J. R, Lane. & D. A.
Fitts*. Dept. of Psychology, University of Washington, Seattle, WA, 98195.
Reports from this laboratory suggest that the subfornical organ (SFO) is
not important for angiotensin II (ANG II) -mediated salt appetite. However,
two recent reports by others show that SFO lesions do acutely reduce salt intake
after sodium depletion. One concluded, in apparent contradiction to our
findings, that blood-borne ANG II may activate receptors in the SFO to elicit
salt appetite. These reports also noted that the SFO-lesioned rats drank much
less water acutely in response to the diuresis than sham-lesioned rats. The
present study examined salt appetite in SFO-lesioned rats after water gavage to
determine whether the lesion or the underhydration caused the decreased salt
appetite. Male rats with SFO lesions or sham lesions were given a 10 mg/kg
dose of furosemide sc followed by either 2- or 10-ml/kg loads of tap water 2, 4
and 18 hr later (6 or 30 ml/kg total load) in different groups. No other food or
fluids were available. Two hours after the last load, the rats were given access
to water and 0.3 M NaCI for 2 hr. The results (below) showed that: (1) Water
intake during the test depended on the lesion condition; and (2) saline intake
depended on the amount of water loaded during the depletion. Thus, SFOlesioned rats can express a robust salt appetite after sodium depletion if they are
hydrated equivalently to control rats. This supports our view that the SFO is
not necessary for the expression of ANG II-induced salt appetite.
Lesion treatment/water load
sham/30
SFOX/6
sham/6
SFOX/30
Intake
1.5±0.6*
2.5±0.6*
8.0±1.3
6.2±1.8
Water
10.8±1.6
10.7±1.7
6.1±0.9*
8.6±1.5*
Saline
10
8
7
n
10
♦main effect, p<.05 (mean±SE). Supported by NS22274.

660.15

660.16

AREA POSTREMA MODULATION OF FLUID INTAKE AND
NEUROHYPOPHYSEAL HORMONE SECRETION AFTER HYPERTONIC
NaCI ADMINISTRATION. K.S. Curtis*. J.G. Verbalis. and E.M. Stricker.
Depts. of Neuroscience and Medicine, U. of Pittsburgh, Pittsburgh, PA 15260
The area postrema is a caudal brainstem circumventricular organ thought
to be involved in body fluid homeostasis. Rats with area postrema lesions
(APX) show enhanced spontaneous salt ■ intakes and reduced urinary
excretion of salt loads. The present studies examined drinking and
neurohypophyseal responses to systemic administration of hypertonic saline
(HS) in rats with APX. When water was available after HS (2 ml 2 M NaCI,
iv), intake by rats with APX (10.4 ± 0.8 ml; n=7 ) was greater than that by
control rats (6.6 ± 0.8 ml; n=17) during a 30-min drinking test, while excretion
of the salt load was reduced. In contrast, when only 0.5 M NaCI was
available, the enhanced NaCI intake by rats with APX (n=6) was unaffected
by iv HS in a 30-min drinking test (7.5 ± 0.7 ml). Baseline plasma oxytocin
levels (pOT) in rats with APX (4.4 ± 0.8 pg/ml; n=6) were not different from
those in control rats (3.1 ± 0.9 pg/ml; n=11). Although iv administration of
HS stimulated pituitary release of oxytocin in both groups, pOT in rats with
APX were blunted 30 min after HS (13.5 ± 1.6 pg/ml) compared to those in
control rats (21.4 ± 3.2 pg/ml). These results suggest some anatomical

MINERALOCORTICOID INDUCED SODIUM APPETITE IN GROUP
HOUSED MALE MICE. K.K. Henricks*. Z.A. Rodd. B.C. Dudek. & N.B.
McCutcheon. Dept. of Psychology, University at Albany: SUNY, Albany, NY
12222.

segregation of HS-induced drinking and neurohypophyseal responses, and are
consistent with our previous proposal that the robust spontaneous salt intake
of rats with APX may reflect reduced inhibition by central oxytocin neurons.

Up to now, research investigating sodium hunger in mice has failed to
produce evidence ' that mineralocorticoids are involved in sodium appetite. In
our own laboratory, doses of deoxycorticosterone acetate (DOCA) ranging
from 1 mg/kg to 20mg/kg have failed to induce a sodium appetite. However,
recent research with fludrocortisone suggests that the mouse, like the rat, does
possess mineralocorticoid reactivity for sodium appetite, but, unlike the rat,
appears to have a strong dependency on an accompanying glucocorticoid
action. Previous experiments were conducted with singly housed, socially
isolated mice, a condition which may have altered neural modulating factors
that interact with mineralocorticoid control of sodium appetite. Two such
factors associated with housing condition and sodium appetite control are
corticosterone and serotonin. Therefore, the present experiment was
conducted in order to study the effect of DOCA on sodium appetite in mice
under housing conditions that attempted to eliminate the reduction of
corticosterone and the alteration of the serotonergic system associated with
social isolation. Male GHSC mice were group housed and given two
counterbalanced treatment conditions - a single daily injection of either 10
mg/kg DOCA or oil vehicle for two consecutive days. Group housed male
GHSC mice drank, over 24-h of continuous access to water and 3 % NaCI, a
significantly larger amount of NaCI after injections of DOCA than after
injections of the vehicle. This degree of DOCA effect in mice is comparable,
on a ml/kg basis, to that reported in rats with high dose DOCA injections.

660.17
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DISSECTION OF MEAL CONTROLS IN COLITIS-INDUCED ANOREXIA. E.D.
Kustra*. SAmarelo. S.M. Collins and H.P. Weingarten. Dept. of Psychology, McMaster
University, Hamilton, Ontario, Canada, L8S 4K1.
Acute inflammation of the colon (ie, colitis) results in a large but transient anorexia of
approximately 3 days duration. Studies indicate that the anorexia is caused by a specific
reduction of meal size, not meal frequency, leading to the hypothesis that the suppression
of eating reflects an exaggerated response to cues that normally signal meal termination.
In order to obtain the greatest stimulus control over meals, we compared meal sizes in
colitic and control rats using the intraoral feeding preparation. Male Sprague-Dawley rats
were maintained on powder chow and habituated to one intraoral feeding session per day
using liquid diet. Then, colitis was induced by infusing 25 mg trinitrobenzenesulfonic
acid (TNB) in .25 ml 50% ethanol directly into the colon (N=l 1). Control rats (N=10)
received equivohune infusions of 50% ethanol. Meal sizes were approximately 2.5 times
larger when intraoral, compared to real, feeding. TNB-treated rats demonstrated a much
attenuated and smaller inhibition of intake on these intraoral meals even though they
displayed the expected pattern of anorexia in home cage intake. In a second study, we
specifically compared the satiety response of TNB and control rats to intragastric loads.
Rats were adapted to a 4 hr/day feeding schedule. Then, half the rats were treated with
TNB; the other half with the ethanol vehicle. On Days 1-5 post-treatment, half of the
animals in each treatment group received a 5 ml liquid diet preload 20 min prior to the 4
hr feeding period. The other half received no preload. TNB-treated rats displayed the
expected pattern of anorexia across days. However, the 5 ml preload had no differential
effect on the amount eaten by TNB or control groups. These data suggest that some aspect
of the preparatory feeding responses that are eliminated by intraoral feeding may be
necessary for the complete expression of TNB-induced anorexia and that differences in
postingestive satiety alone may be insufficient to explain fully the small meals associated
with colitis. Collectively, these observations suggest that elucidation of the mechanisms
accounting for the anorexia of colitic rats will not be simple.

THE USE OF MULTIDIMENSIONAL SCALING IN THE APPRAISAL
OF THE RELATIONSHIP BETWEEN BRAINSTEM ELECTRODE
PLACEMENT, WEIGHT GAIN, AND FOOD INTAKE. J. Stenqer*,
S. Jordan and C. Bielaiew. School of Psychology, Univ.
of Ottawa, Ottawa, Ont., K1N 6N5, Canada.
A multidimensional scaling analysis was used to
examine inter-element proximity data from rats that
had received chronic electrical stimulation to the
brainstem region.
The variables were the three
histological planes, weight gain, and food intake. The
results of the principle components analysis yielded
four factors, two of which, weight gain and food
intake, were combined into one (mass) factor.
The
proximity matrix was generated for 45 rats based on
the histological data and the factorial - scores from
the principle components analysis.
The
multidimensional scaling analysis yielded an r2=0.938
and a stress value of 0.118.
Visual inspection of the
two dimensional stimulus map revealed that cases
formed two clusters on one dimension.
The separation
along this dimension was influenced by weight gain,
food intake, and electrode placement.
Not
surprisingly, one cluster largely consisted of rats
with ventromedial hypothalamic electrode placements,
whereas the second cluster contained animals with
extra-VMH placements.
It appears that weight gain and
food intake also differs for these two groups; this
theory is born out by previous work from this
laboratory.

Supported by Medical Research Council of Canada
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A RETROSPECTIVE STUDY OF THE EFFECTS OF CHRONIC SMOKING
ON REGIONAL CEREBRAL BLOOD FLOW DURING COGNITIVE
PROCESSING. J.L. Austin-Lane*. B.S. .Kirkby. J.D. Van Horn. G. Esposito.
D.R. Weinberger. K.F. Berman. Unit on PET, Clinical Brain Disorders
Branch, NIMH, Bethesda, MD 20892-1384.
Previous studies on nicotine and regional cerebral blood flow (rCBF)
have focused on acute effects of cigarette smoking, but very little work on
chronic effects of smoking has been done. Using the oxygen-15 water
positron emission tomography (PET) method, we retrospectively examined
global and regional CBF in 10 chronic smokers (mean age 31.2+9.6) and 10
subjects who had never smoked (mean age 29.9+7.8) while they performed
the Wisconsin Card Sorting Test and a sensorimotor control task. Subjects
had no caffeine or nicotine for four hours prior to the study, and all subjects
were right-handed. Absolute rCBF was calculated on a pixel-by-pixel basis
with a least squares method. Data were normalized, pixel-by-pixel, as a
ratio of the global mean for regional analyses and regions of interest were
drawn on co-planar MRIs for each subject. There was a trend (t=-2.09,
p=.052) for the smokers to have higher global CBF (51.3+8.58 ml/100g/min)
than the non-smokers (44.6+5.41 ml/100g/min), while their normalized rCBF
in the left superior frontal gyrus was lower during both task (t=3.58, p=.002)
and control (t=2.54, p=.02). For the smokers, Spearman rank order
correlations between smoking index (#cigarettes per day x #years) and
rCBF revealed a negative relationship between smoking history and rCBF in
the left superior temporal gyrus during the control task (r=-.77, p=.009).
These data, although preliminary, suggest that effects of chronic smoking on
brain activity can be seen, even in the absence of acute nicotine effects.
These results should be interpreted with caution since this study has a small
sample size and is retrospective instead of prospective in nature, and many
comparisons were made.
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STRESS AND PENTYLENETETRAZOL INCREASE THE RELEASE OF
DOPAMINE IN THE PREFRONTAL CORTEX OF ROMAN HIGHAVOIDANCE (RHA) BUT NOT LOW-AVOIDANCE (RLA) RATS.
O. Giorgi. D. Lecca, G. Carboni, V. Frau, V. Valentini, A. Fernandez*1, G.
Di Chiara and M.G. Corda. Dept. Toxicol., Univ. of Cagliari, Italy and
’Dept. Pharmacol. and Psych., Autonomous Univ. of Barcelona, Spain.
RHA and RLA rats are selected and bred for rapid versus poor
acquisition of two-way avoidance behavior in a shuttle box. They also show
many other behavioral differences related to emotional factors, RLA rats
being emotionally more sensitive. To delineate further the functional
factors underlying the different emotivity levels of RHA and RLA rats, we
used brain microdialysis to compare the effects of tail pinch (TP, 40 min)
and subconvulsant, anxiogenic doses of pentylenetetrazol (PTZ, 15 mg/kg,
i.p.) on the release of dopamine (DA) in the prefrontal cortex (PFCX) and
nucleus accumbens (NA) in both rat lines. The basal release of DA (fmol/20
pl) was higher in the PFCX of RHA rats (12.6 ± 0.7) than in RLA rats (8.1
± 0.4, n = 21, p < 0.05) but no line-related differences were observed in the
basal DA release in the NA (RHA: 73 ± 4, RLA: 67 ± 3). TP caused a
significant increase in DA release in the PFCX of RHA rats (net release
above basal value in 2 h after beginning of TP, fmol: 10.9 ± 1.9, p < 0.05)
but not in RLA rats (net release: 3.2 ± 2.6, n.s.). Similarly, PTZ increased
significantly DA release only in the PFCX of RHA rats (net release, fmol/2
h after PTZ: RHA, 43 ± 7, p < 0.05; RLA, 8 ± 5, n.s.). In contrast, TP and
PTZ failed to affect DA release in the NA of either line. It is proposed that
the activation of the mesocorticolimbic DAergic pathway induced by TP
and anxiogenic doses of PTZ may reflect an increased attention of the
animal and/or the activation of cognitive mechanisms in an attempt to
actively cope with the stressor. These mechanisms appear to be lacking in
RLA rats, which are ’’passive" copers.

DIFFERENTIAL EFFECTS OF RESTRAINT, IMMERSION AND
ELECTRIC FOOT SHOCKS. S. Retana-Marquez. A. Ferreira Nuno. E.
Dominquez Salazar and J. Velazquez-Moctezuma*. Lab. of
Psychobiology, Universidad Autonoma Metropolitana-lztapalapa,
Mexico city, C.P. 09340.
Previous results have shown that stress response depends on the
nature of the stressor. To further analyze this notion, male rats were
submitted either to
immobilization during
2
(IMB2)
hrs,
immobilization during 6 (IMB6) hrs, electric foot shocks (EFS) during
5 mins or immersion in cold water (WIM) during 15 min, for 1 day or
daily during 15 and 20 days. To assess stress effect, male sexual
behavior was evaluated
when the stress period had ended,
thereafter blood was collected to determine corticosterone titers.
Spleen, thymus, liver, testicles, adrenal and seminal glands were
also obtained. WIM decreased sexual behavior performance during
all periods tested. EFS deteriorated sexual behavior only in days 15
and 20. IMB2 had no effect and IMB6 stimulated sexual performance.
All the stressors produced significant increases in costicosterone
titers during days 15 and 20, but not in the first day. WIM induced the
higher elevation, whereas EFS elicited only slight increases. Only
IMB6 induced noticeable changes in total weight of organs. Spleen
increased its weight after 20 days of stress and testicles increased
their weight after 15 days of stress. This results support the notion
that the stress response will depend on the characteristics of the
stressful situation.

661.3
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STRESS-INDUCED HYPERTHERMIA IN INDIVIDUALLY HOUSED MICE.
JAM, van der Heyden * T.J.J. Zethof and B. Olivier Dept. Pharmacology,
Solvay Duphar BV, PO Box 900, 1380 DA Weesp, The Netherlands
Measurement of stress-induced hyperthermia (SIH) in group-housed mice
requires a large number of animals and is time-consuming. We adapted this
method for use in individually housed mice. The effect of various stressors on
the rectal temperature of individually housed mice was tested. Repeated
temperature measurement at a 10 min interval was chosen as stressor since
this enabled measurement of basal temperature and hyperthermic response in
each animal. The maximal hyperthermia is reached after 30 min, but 70 % of
the response is reached after 10 min. Prior injection of the animals also results
in a modest hyperthermia, that is no longer observed if the animals are treated
60 min prior to the first temperature measurement. Various benzodiazepines
(diazepam, oxazepam, alpidem) dose-dependently suppressed the stressinduced hyperthermia. Similar effects were found for alcohol and the 5-HT1A
agonists buspirone, ipsapirone, flesinoxan and 8-OH-DPAT. Of the various 5HT drugs tested, TFMPP and eltoprazine were active in this model. No effect
was found after administration of ondansetron, ketanserin, fenfluramine, DOI
or m-CPP. Of the antidepressant drugs tested, only mianserine showed an
anxiolytic effect, but not imipramine, amitriptyline, chlorimipramine and
fluoxetine. At high doses also the neuroleptic drugs haloperidol and
chlorpromazine attenuated the stress-induced hyperthermia. No effects were
found after administration of the glutamate antagonist MK 801 and the CCK
antagonist CI-988.
In conclusion, the stress-induced hyperthermia model in individually housed
mice is a fast and reproducible screening test for anxiolytic activity. The major
advantages of this model compared to that described in group-housed mice are
the reduction in time and animals needed for an experiment.

EFFECTS OF CHLORDIAZEPOXIDE ON SOCIAL
SEPARATION STRESS IN YOUNG DOMESTIC FOWL; A
NOVEL MODEL FOR SCREENING ANXIOLYTIC DRUG
EFFICACY. G. S. Watson. M. J. Mark. E. S. Carlson and K. J.
Sufka* Departments of Psychology and Pharmacology, University of
Mississippi, Oxford, MS 38677.
In response to concerns over issues of validity and utility of traditional
procedures for screening anxiolytic drugs, the present study sought to
determine whether a relatively inexpensive social separation stress
biobehavioral assay, possessing both face and construct validity, would
demonstrate predictive validity by screening for the anxiolytic effects of
the benzodiazepine agonist chlordiazepoxide (CDP). Thirty min after IM
injections of CDP (Exp. 1: 0.0, 3.0, and 10.0 mg/kg; Exp. 2: 0.0, 1.0,
& 3.0 mg/kg), eight-day-old cockerels were placed into observation
chambers in isolation or with two social companions for a formalin
(0.10%) nociceptive test. At the highest dose, CDP produced a sedative
effect, independent of the stress manipulation, as indexed by a decrease
in ventral recumbency latency. Isolated chicks exhibited distress
vocalizations; CDP reversed this separation stress effect in a dosedependent fashion. Isolated chicks displayed hypoalgesia on the
formalin test. CDP (1.0 and 3.0 mg/kg) attenuated this separation stress
hypoalgesic effect Chicks treated with 10 mg/kg CDP exhibited few
pain-related behaviors. However, this specious hypoalgesic effect was
likely due to CDP's potent sedative effects at this dose. Finally, CDP
did not affect respiration rate, but did produce a dose-dependent
hypothermic effect. The demonstration of this paradigm's predictive
validity suggests that the chick social separation stress model may serve
as a useful assay for screening anxiolytic drug effects.
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SEXUALLY DIMORPHIC EFFECTS OF NEONATAL ENVIRONMENTAL
DISRUPTIONS ON DEPRESSIVE BEHAVIOR AND PITUITARY-ADRENAL
HORMONE FUNCTIONING OF THE ADULT RAT E.P. Zorrilla*. S. Shah. J.
Kessler. H. Lieberman,. E. .Redei- Depts.of Psychology and Pharmacology,
U.Pennsylvania, Philadelphia, PA 19104.
Many studies have documented changes in emotional behavior and functioning
of the hypothalamic-pituitary-adrenal axis in adult male rats subjected to handling

STRESSOR EXPOSURE PRODUCES LASTING EFFECTS ON SLEEP/WAKING
STATE RELATED CELL ACTIVATION OF THE CAT PARAVENTRICULAR
HYPOTHALAMUS. M.P. Kristensen*. D.M. Rector. G.R. Poe and R.M. Harper.
Interdepartmental Program in Neuroscience and Department of Anatomy and
Cell Biology, UCLA School of Medicine, Los Angeles, CA, 90095.
The paraventricular hypothalamus (PVH) mediates hypothalamo-pituitaryadrenocortical (HPA) axis activation and is subject to multi-level feedbackregulation. Stressors increase PVH discharge acutely, but stress, particularly when
repeated or prolonged, can introduce enduring modifications of neural function.
Our purpose was to examine whether PVH neuronal responsivity to perturbations .
by endogenous, non-stressors can be influenced by stress. We assessed whether PVH
activity patterns characteristic of specific sleep/waking states were altered by an
auditory stressor. Activity changes were indexed by quantifying tissue light
reflectivity, which is inversely proportional to cell discharge.
A coherent image conduit, directly coupled to a CCD camera, was stereotaxically
positioned in the PVH of 4 cats. Electrodes were placed for measuring neck EMG,
EOG, and cortical EEG to monitor behavioral state. After surgical recovery, multiple
video-recordings of scattered light were obtained from freely behaving cats during
spontaneously varying sleep/waking states before and after 5 minute exposure to an
auditory stressor (white noise > 90 dB). Video-images were grouped by state, and
normalized overall, as well as subarea, activity changes were calculated.
Prior to stress, overall PVH activity increased during quiet and active sleep
compared to waking states. Activity levels did not change significantly between
states after stress, though a blunted variation similar to control patterns was apparent.
Activity changes accompanying awakening from quiet or active sleep were reduced
by 2/3 after noise exposure.
The results demonstrate state-specific PVH activity patterns, and suggest lasting
effects of stress at the cellular level on PVH function. We speculate that a blunted
response of state-changes after stress may arise as a result of altered state control
and/or HPA feedback effects on the PVH.

or maternal separation as neonates. However, many of these did not control
adequately for litter effects (e.g., genetic differences in parents, gestational/rearing
differences), nor did they test for sex differences in their effects. Therefore, we
subjected 40 litters derived from Sprague-Dawley dams mated in our colony, to 1
of 5 postnatal conditions: cage-cleaning control (C), daily, 1-hour matemal/litter
separations through the 1st or 2nd postnatal week (S1,S2), or a daily handling
control for the separation groups (H1,H2). At 60 days of age, analyses of pups*
<a=457) behavior in the Porsolt forced swim test (FST) and HPA-responses were
performed at the unit of litter, rather than at the unit of pup. Females exhibited
more immobility in the FST than males (p<.0005). This difference was reduced
by both early separation and handling (Sex X Treatment, p< 005), as both S and,
especially, H males, showed female C levels of behavioral despair.' Only H

females showed significantly more immobility than C females (p<05).
Furthermore, week 2 females, but not males, showed greater increases in
immobility than their week 1 counterparts (p<. 05). Sexually dimorphic effects of
the treatments also were observed on basal levels of corticosterone (H=S>C in
females, but not males) and ACTH (H=S<C in males, H1>H2 and S2>S1 in
females). The present study provides further evidence that adult affective
behavior can be altered by early life experiences, reinforces the need to address

litter effects, and suggests that some imprinting effects are maternally-mediated.

(Supported by HL22418, NIDR DE07212 and Howard Hughes Medical Institute.)
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ENHANCEMENT OF HIPPOCAMPAL PRIMED BURST (PB)
POTENTIATION BY DEHYDROEPIANDROSTERONE SULFATE
(DHEAS). D.M. Diamond1*. B.J. Branch1. M. Fleshner2. and G.M.
Rose1. Dept. of Pharmacology, Univ. of Colorado Health Sci. Ctr. and
VAMC1 Dept. of Psychology, Univ. of Colo. Boulde^.
The neurosteroid DHEAS is produced in the brain and is the major
secretory product of the human adrenal cortex. Functionally, DHEAS is
described as an anti-glucocorticoid (Mol. Cell. Biochem., 131:99,
1994). However, little is known concerning the effects of DHEAS on
hippocampal function. We have provided the first analysis of the effects
of DHEAS on hippocampal primed burst (PB) potentiation, an
electrophysiological model of memory.
Male rats were administered DHEAS (12-96 mg/kg, sc), then
anesthetized with urethane, and the CA1 region of the hippocampus was
electrically stimulated (see Hippocampus, 2:421-430, 1992). There was

METYRAPONE-INDUCED ENHANCEMENT OF HIPPOCAMPAL
PB POTENTIATION CORRELATES WITH TYPE I RECEPTOR
BINDING, BUT NOT WITH PERIPHERAL CORTICOSTERONE.
B . J, Branch*. M. FleshneA M . J. Meanev3 and D.M. Diamond!
Dept. of Pharmacology, Univ. of Colorado Health Sci. Ctr. and VA
Medical Center^ Dept. of Psychology, Univ. of Colorado, Boulde^,
Douglas Hosp. Res. Ctr., Montreal, Quebec3.
Corticosterone modulates electrophysiological models of memory,
including long-term (LTP) and primed burst (PB) potentiation. We
have tested the hypothesis that a dose-dependent reduction of
endogenous corticosterone by metyrapone would correlate with the
magnitude of PB. Rats were given metyrapone (25, 50, 100 or 200
mg/kg, sc) prior to being anesthetized with urethane, and the
hippocampus was electrically stimulated (Hippocampus, 2:421-430,
1992). All 4 doses of metyrapone were equally effective at reducing

an inverted-U relationship between the dose of DHEAS and PB in
non-stressed rats: whereas 24 and 48 mg/kg enhanced PB, 12 and 96
mg/kg were without effect. Further study revealed that: 1) DHEAS
(24 mg/kg) was effective at enhancing PB when given before the rats
were stressed; and 2) DHEAS (24 mg/kg) was ineffective at
enhancing PB when given after the rats were stressed. These findings

indicate that DHEAS could protect the hippocampus against the
inhibitory effects of stress on synaptic plasticity, but only when the
neurosteroid was administered in advance of the stressful event.

serum corticosterone levels to 10-15 pg/dl; however, only the 50
mg/kg dose enhanced PB and reduced the number of available
hippocampal Type I receptors. Also, doses > 50 mg/kg increased

available Type II receptors, independent of serum corticosterone levels.
Corticosterone (20 mg/kg, sc) blocked metyrapone effects on PB and
Type I binding. This work suggests that metyrapone can affect
hippocampal plasticity and glucocorticoid receptors by means other
than a reduction in serum corticosterone levels, possibly via its capacity
to increase levels of ACTH, DHEA and deoxycorticosterone.
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PSYCHOLOGICAL DISTRESS IN HIV-1 DISEASE: RELATIONSHIP TO
HYPOCHOLESTEROLEMIA. G. Shor-Posner*, D, Feaster, T. Baldewicz.
N. T. Blaney, M. Miguez-Burbano. K. Goodkin. C. Eisdorfer. M.K.
Baum. Departments of Epidemiology and Psychiatry, University of
Miami School of Medicine, Miami, Florida.
Disturbances in serum lipid concentrations have been associated
with behavioral abnormalities, possibly mediated by serotonin
pathways that are altered in HIV-1 infected individuals. The present
study evaluated serum cholesterol levels and psychosocial status in 118
HIV-1 seropositive (CDC Stages II, III n= 96; CDC Stage IV 2A n = 22)
and 52 seronegative homosexual men aged 20-55. Levels of cholesterol
were obtained from serum extracts after reaction with LiebermanBuchard color reagent. Psychological distress was measured with the
total mood disturbance score from the Profile of Mood States.
Hypocholesterolemia (<150 mg/dl) was significantly related to
increased distress (p = .03) in both the seropositives and seronegatives.
As compared to distress levels of 20.73 ± 31.42 in the seronegatives,
distress tended to be higher in the seropositive men (32.81 ± 32.97,
p<0.06), who had widespread hypocholesterolemia (41% vs 25% in
seronegatives, p<0.05). Clinical distress (score >60) occurred more

STARTLE AND NEUROENDOCRINE RESPONSES IN SHY

frequently among those with hypocholesterolemia (26%), relative to
13% with normal range cholesterol levels (p=0.03). These findings

demonstrate an important influence of lipid status on psychological
function.
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CHILDREN L.A.Schmidt, N.A. Fox. E.M. Sternberg, P.W. Gold.

C.C. Smith and J.Schulkin*

Inst, for Child Study, Univ. of

Maryland, College Park, MD 20742.

The relations among behavioral inhibition, morning salivary
cortisol, and the acoustic startle response in a sample of 4-year-

old children were examined. Analyses revealed a significant

relation between morning cortisol level and acoustic startle
amplitude. Children who had elevated morning cortisol levels
exhibited an augmented startle response. Analyses also

revealed a significant relation between 14-month behavioral
inhibition and morning cortisol at 4-years. Children who
displayed fear and wariness in response to novel stimuli at 14-

months of age had elevated morning cortisol at 4-years. These
findings are consistent with recent studies of fear responses in
animals in which CORT can potentiate fear, and CRH expression
in the central nucleus of the amygdala, and are consistent with
work on neuroendocrine responses in fearful children. High

levels of cortisol in inhibited children may induce CRH in the
central nucleus of the amygdala, exacerbating their fearfulness.
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HUMAN RESPONSE TO UNCONTROLLABLE STRESS AND
HIGH DOSE NALOXONE J. Fertig*. R. Peters. J. Leu. Walter
Reed Army Institute of Research, Washington, D.C. 20307
Forty healthy male subjects were exposed to bursts of 95 dB noise
while attempting to solve a visual-spatial task under either controllable
stress (CS) or uncontrollable stress (UCS) conditions. CS subjects
could terminate both stressors while their yoked UCS partners could
not. Measures of physiologic reactivity, biochemical response and
mood were monitored throughout the study. Stress induction was
followed by a double blind infusion of the opiate antagonist naloxone
(1.5 mg/kg) or placebo. A muscle ischemia pain tolerance test was
given following drug administration. Physiologic response and several
biochemical markers of the stress response were differentially elevated
in the two conditions.
UCS subjects also reported increased
helplessness, lack of control and total mood disturbance. Naloxone
administration augmented the stress induced rises in cortisol, heart
rate, negative mood and physical symptoms but did not affect diastolic
or systolic blood pressure. In addition, naloxone had a differential
effect on pain tolerance depending upon subject’s prior exposure to CS
or UCS. Pain intensity ratings were highest for CS exposed subjects
and lowest for UCS subjects. Results suggest that lack of control over
psychological stressors can produce differential responses in
physiological, biochemical and behavioral systems.

CORTISOL RESPONSE AND MEMORY FUNCTION FOLLOWING A
PSYCHOLOGICAL STRESS IN HEALTHY ELDERLIES : RELATIONSHIP
WITH PAST CORTISOL HISTORY.
MJ, Meaney*. S. Gaudreau. S. Sharma. N.P.V. Nair. R.L. Hauger and S. Lupien.
Douglas Hospital Research Centre, McGill University, Montreal, Canada, 6875 Bld.
Lasalle, Verdun, Quebec, H4H-1R3; Research Centre, Centre Hospitalier Cote-des-Neiges,
4565 Queen Mary, Montreal, Quebec, Canada, H3W-1W5.
Saliva cortisol responses to the psychological stress of public speaking was
investigated in 18 healthy elderly subjects previously shown to present different
patterns of cortisol secretion over a period of 3 to 6 years. A test of explicit (cued
recall) and implicit (word-stem completion) memory was given to subjects before and
after a non-stressfull condition (attention task) and before and after the stressful
condition. Correlational analyses performed between memory scores and cortisol
responses showed that the explicit recall during the non-stressful condition was
negatively correlated with post-recall cortisol levels (r=-0.72) and not with pre-recall
cortisol levels (r=-0.24). This correlation lasted for 10 minutes and disappeared for the
next cortisol sample. No correlation coefficient reached significance level for the
implicit memory task. The explicit recall during the stressful condition was
significantly and negatively correlated with both pre-recall/post-stress cortisol levels
(r=-0.59) and post-recall/post-stress cortisol levels (r=-0.52), showing that the subjects
who reacted to the stress with increases in cortisol levels presented the greater memory
impairment as tested after the stressor. This correlation lasted 21 minutes and
disappeared for the next cortisol sample. No correlation coefficient reached
significance level for the implicit memory task. Finally, the cortisol slope of
subjects as measured over a period of 3 to 6 years was negatively correlated with
changes in explicit and implicit memory performance after the stressful condition (r=0.33 & -0.31) but not with explicit and implicit performance after the non-stressful
condition (r=-0.11 & 0.09). These results show that aged subjects with a history of
increasing cortisol levels over the years present a stronger cortisol response to a
psychological stressor and a greater memory decline after a stress than aged subjects
showing moderate increase or decrease in cortisol levels with years.

661.13
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STRESSING THE STRESS CONCEPT: QUANTITY MAKES QUALITY
L. Angelucci*. Farmacologia 2, La Sapienza Univ. Medical Faculty, Rome 00185,
Italy.
Contrary to the Selye's concept of stress as a basic hormonal mechanism of
adaptation, this physiological phenomenon is often considered in medicine, and
presented through the media as a ravaging event resulting, directly or indirectly,
in various diseases. This conceptual distortion originates from the well
documented deleterious effects of high doses of glucocorticoid hormone, or of
chronic fierce stress exposure. On these bases it has been postulated that a high
glucocorticoid milieu can damage the hippocampus and exacerbate neurotoxic
lesions. We have found that the hippocampal injury by kainic acid is accrued
neither by aging nor by repeated stress exposures, two conditions accompanied
by or causing large, albeit physiological, increases in plasma glucocorticoid level.
A potentiation of the neurotoxic action was encountered only in some strains of
rats following injection of corticosterone in doses producing in the periphery and
in the brain concentrations of the hormone a hundred times greater than normal.
The brain glucocorticoid receptor (GR) binding capacity is controlled by
neurotransmitters: dysfunction of the hypothalamo-pituitary-adrenocortical axis
during depression, as well of the negative feedback function of the GR, and the
relief by antidepressants are operated through loss and reinstatement, respectively,
of neurotransmitter action. A totally different image emerges when physiological
increases of the hormone are considered. For instance, we have found that rats
lactated by a mother with a moderate hypercorticosteronemia (of the same degree
as following low-intensity stress exposure), in adulthood show "better" adaptive
behaviors and a reduced stress responsiveness. In conclusion, in spite of the
principle that quality is more fundamental than quantity, in stress related
phenomena quantity appears more momentous than quality. (Supported by
MURST 1994 and CNR 94.00479.PF 40).

BRAIN CHEMISTRY OF LEARNED HELPLESSNESS: NEURAL
NETWORK FOR DEPRESSION MODEL. F. Petty* and G. Kramer.
Department of Veterans Affairs Medical Center and Department of
Psychiatry, University of Texas Southwestern Medical School, Dallas, Texas
75216.
For many years, the biochemical theories of mood disorders featured one
or another of the biogenic amines as key players in the development of
depressive symptoms, and in their amelioration by pharmacological
treatments. By default, these monoamine theories focused on locus ceruleus
or dorsal raphe as anatomical loci for biochemical changes. We have
developed a new, multi-transmitter, multi-brain region model for learned
helplessness which incorporates the traditional biogenic amine theories, and
also explicates the roles of the amino acid neurotransmitters including
GABA, glutamate, and glycine. This neuronal model incorporates regions of
the limbic system known to regulate mood, and accounts for complex neurotransmitter interactions, particularly in the medial prefrontal cortex, where the
cascade of events leading from inescapable stress to behavioral depression
begins. Other brain regions considered in the model include entorhinal
cortex, hippocampus, lateral septum, hypothalamus, amygdala, and nucleus
accumbens. This model will be compared to the neuronal maps being
developed for clinical depression using brain imaging. Additionally, new
data from in vivo microdialysis experiments in progress will be presented.

MONOAMINES AND BEHAVIOR:

DOPAMINE I

662.1

662.2

EFFECTS OF SELECTIVE AND NON-SELECTIVE DOPAMINE
ANTAGONIST ADMINISTRATION IN PREFRONTAL CORTEX
ON DRL RESPONDING IN THE RAT. J.D. Sokolowski* and J.D.
Salamone. Dept. of Psychlogy, University of Connecticut, Storrs, CT
06269-1020 USA
Previous research utilizing dopamine depletions in the medial
prefrontal cortex of the rat demonstrated substantial deficits in operant
responding on the differential-reinforcement-of-low-rates 30 sec schedule.
In the present experiments, rats were locally injected with one of four
dopamine antagonists: the non-selective drug cis-flupenthixol, the moderately
D2 selective drug haloperidol, the highly D1 selective antagonist SCH23390,
the highly D2 selective antagonist sulpiride. Doses of 5-20 nanomoles per
side were injected bilaterally in 1.0 ul total volume, and control injections
consisted of lactic acid vehicle. Local injections of flupenthixol increased
total number of responses, with the most effective dose being 10 ’ nanomoles.
Analysis of interresponse times demonstrated that, at the 10 nanomole dose,
there was a 3-4 fold increase in interresponse times in the range of 0-1.0 sec.
This indicates that much of the increase in responding produced by
flupenthixol was in the form of increased "bursts" of responses that closely
followed one another. Local injections of haloperidol in the prefrontal cortex
produced effects similar to those observed with flupenthixol. However,
preliminary data indicate that the effects of intra-prefrontal SCH23390 and
sulpiride were less robust than the effects of flupenthixol or haloperidol in
the dose range tested.

PREFRONTAL CORTICAL GABA RECEPTORS MODULATE STRESSINDUCED DOPAMINE RELEASE IN THE NUCLEUS ACCUMBENS. M.
D. Doherty* and A Gratton McGill Univ., Douglas Hosp. Res. Ctr., Montreal,
Canada, H4H 1R3.
We have recently reported that local D1-, but not D2-, receptor blockade in
medial prefrontal cortex (PFC) potentiates stress-induced dopamine (DA) release
in nucleus accumbens (NAcc). This finding is consistent with several other
lines of evidence indicating that meso-PFC DA neurons exert an indirect
inhibitory influence on the NAcc DA response to various stimuli including
stress. The PFC also contains GABA intemeurons and these too may be
involved in modulating the DA stress response in NAcc. We examined this
possibility by monitoring restraint-induced increases in NAcc DA-dependent
electrochemical signals following bilateral intra-PFC injections (1 nmole/side)
of GABA-A and GABA-B agonists (muscimol and baclofen) and antagonists
(bicuculline and phaclofen). Intra-PFC baclofen significantly attenuated the peak
amplitude and the duration of the NAcc DA response to stress; the GABA-A
agonist muscimol produced a similar but less potent and non-significant
inhibitory effect. In contras PFC GABA-A receptor blockade with bicuculline
elicited seizures, whereas the GABA-B blocker phaclofen had no effect.
However, intra-PFC phaclofen was found to potentiate the NAcc DA response to
stress when it was co-injected with the D2 receptor antagonist sulpiride at a dose
we have shown previously to have no effect (Doherty & Gratton, 1994). These
findings indicate that PFC projection neurons that modulate the DA stress
response in NAcc are regulated in part by GABA acting primarily, but not
exclusively at the GABA-B site. They also suggest that, unlike D1 receptors, an
involvement of PFC D2 receptors in modulating the NAcc DA response to
stress may depend on the activity of cortical GABA intemeurons. Supported by
the Medical Research Council of Canada.
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CHANGES IN NUCLEUS ACCUMBENS DOPAMINE EFFLUX ELICITED
BY SCHEDULED AND UNSCHEDULED FOOD PRESENTATION. N.R.
Richardson* and A. Gratton. McGill Univ., Douglas Hosp. Res. Ctr., Montreal,
Canada, H4H 1R3.
We have recently reported evidence that dopamine (DA) release in nucleus
accumbens (NAcc) increases during the moments leading to an operant response
(lever-press) reinforced with food (condensed milk) and that consumption of the
earned reward is associated with a cessation or inhibition of NAcc DA
transmission (Richardson & Gratton, 1994). These and similar other findings
are generally consistent with the idea that NAcc DA transmission increases in
response to the incentive, behavioral activating properties of rewards. In order to
test this idea further, we used voltammetry to monitor the changes in NAcc DA
efflux associated with non-contingent presentations of a 0.2 ml meal of
condensed milk delivered over 30 sec. Animals received meals either at fixed
intervals of 52 secs (FI 52) or on a variable interval (VI 52) schedule of
32,35,40,45,53,64 and 95 secs. Meals presented on the FI schedule were
preceded by pronounced signal increases that peaked within a few secs of
receiving the anticipated milk reward before decreasing as the animals consumed
the milk. These biphasic changes were remarkbly similar to those we have
observed previously in animals lever-pressing for food. Similar decreases in
signal were observed when animals consumed meals presented on the VI
schedule. Under this condition, however, each meal was followed by an increase
in signal that peaked rapidly and remained elevated until the next milk
presentation. These findings reinforce the idea that DA transmission in NAcc
increases in anticipation of a positive outcome. They also suggest that such
anticipatory elevations in meso-NAcc DA activity increase as a function of
reducing the predictability of the outcome. Supported by the Medical Research

Council of Canada.

DOPAMINE AND PLAY BEHAVIOR IN JUVENILE RATS:
RELATIVE INVOLVEMENT OF D2 AND D3 RECEPTORS. S.M.
Siviy* and A.L. Milbum. Department of Psychology, Gettysburg College,
Gettysburg, PA 17325.
Previous work from this lab has suggested that dopamine might be
involved in the normal elaboration of playfulness among juvenile rats.
Specifically, low doses of the D2/D3 agonist quinpirole tend to increase
pinning, an index of play in the rat, while higher doses reduce pinning.
Since quinpirole acts at both D2 and D3 receptors, it is not clear from
these data which receptor subtype might be responsible for these effects.
In the present study, the effects of quinelorane, a more selective D2
agonist, and 7-OH-DPAT, a selective D3 agonist, on play were assessed.
Male rats (25-35 days old) were housed individually and given daily 5
minute opportunities to play. One group of rats were injected SC with
either vehicle or one of four doses of quinelorane (0.003, 0.01, 0.03, 0.1
mg/kg) 30 minutes prior to a play session. Another group of rats were
injected SC with either vehicle or one of four doses of 7-OH-DPAT
(0.003, 0.01, 0.03, 0.1). The frequency of pinning was recorded and play
bouts were also videotaped for later analysis. 7-OH-DPAT had no
significant effect on pinning at any of the doses. Quinelorane significinttly
increased pinning at the lowest dose (0.003 mg/kg) and decreased pinning
at the higher doses, with play being completely abolished at 0.1 mg/kg.
These data suggest that dopamine, acting at D2 receptors, can have
biphasic effects on play. On the other hand, D3 receptors, which are
localized preferentially in limbic structures, do not appear to be involved
in play behavior.

662.5

662.6

CHOLERA
TOXIN
INFUSION
INTO
NUCLEUS
ACCUMBENS:
INTERACTIONS WITH MOTOR ACTIVITY, DOPAMINE AGONISTS, AND
CONDITIONED REINFORCEMENT. A.E. Kelley.* M. Holahan. M. Finn. Dept.
of Psychiatry, Univ. of Wisconsin Medical School, Madison, WI 53706
Cholera toxin (CTX) is known to cause long-lasting stimulation of the cyclic
AMP second messenger system via activation of the Gs protein. We have previously
shown that CTX in the dose range of 50-500 ng, infused bilaterally into the nucleus
accumbens (N.Acc.), causes locomotor activation in rats. The present experiments
extended this work. First, the behavioral effects of low doses of CTX (0, 5, 15 ng)
infused bilaterally into the N.Acc., were examined. Both doses of CTX elicited a
small but significant hyperactivity response (locomotion and rearing), which was
apparent 2-5 days following infusion. In separate groups of rats, the motor response
to intra-accumbensSKF 38393 (0.1, 1.0 gg) or quinpirole(l. 5 gg) was examined 2
days following intra-accumbens CTX (0, 5, 15 ng). The response to quinpirole was
completely suppressed in CTX-treat<edrats. The response to SKF 38393 was affected
in a more complex manner; the response to the high dose was suppressed, whereas
the response to the low dose was first enhanced and then inhibited. In a second
experiment, rats were trained to associate a stimulus (light-click) with food reward.
Subsequently, they learned to lever-press for presentation of the stimulus (responding
for conditioned reinforcement). Bilateral intra-accumbens infusion of CTX (100 ng/
1 gl) induced a significant increase in lever pressing that lasted approximately 5 days,
compared with both their own baseline and a control group infused with saline. As a
positive control, the same groups of animals were administered the stimulants
pripradrol (2.5, 5 mg/kg) and cocaine (10, 25 mg/kg) at later time points; these
compounds also enhanced responding for CR. These results suggest that the cyclic
AMP system with nucleus accumbens neurons modulates spontaneous and druginduced locomotor activity, as well as reward-related processes.

PARAMETRIC ANALYSIS OF IN VIVO STIMULATED NUCLEUS
ACCUMBENS DOPAMINE EFFLUX MEASURED BY FAST CYCLIC
VOLTAMMETRY AT LEVELS TYPICALLY USED IN RAT SELFSTIMULATION PROCEDURES.
J.E.G. Williams*, Department of Psychology, Eastern Illinois
University, Charleston, IL 61920.
Extracellular nucleus accumbens (NAcc) dopamine (DA) levels are
increased by electrical stimulation of the ventral tegmental area (VTA).
VTA self-stimulation is routinely used to maintain responding in
behavioral procedures. Fast cyclic voltammetry (FCV) at carbon fibre
electrodes measured the effect of electrically stimulated NAcc DA efflux
in anesthetized rats with a time fesolution of 10 ms (Millar et al 1992).
FCV has advantages in terms of time and spatial resolution over other
methods of measuring transmitter release. Single fibre microelectrodes
(active surface 7gm dia.; length 20-30 pm) were implanted into the
NAcc, and bipolar wire stimulating electrodes implanted into the VTA.
Prior to implant, FCV electrodes were electrochemically calibrated in
vitro with 1 gmol DA relative to a Ag/AgCl reference electrode, in 0.1
Molar phosphate buffered 0.9% w/v NaCl solution, pH 7.4. The FCV
potential consisted of a 1.5 cycle, 100 Hz triangular ramp scanning
between -1.0 and +1.4V relative to the Ag/AgCl reference with a scan
rate of 480 v/s applied at 2 Hz. Signals were fed into a Nicolet 310
storage oscilloscope, and measurement made from hard copies of
signals. FCV signals were recorded following VTA constant current
stimulation presented at levels typically used in self-stimulation
procedures. Results show that stimuli presented to the VTA at levels
around those used in self-stimulation are correlated with DA efflux in
the NAcc. Therefore, this FCV technique is useful for functional
analysis of real-time neurochemical events that maintain motivated
responding.

662.7

662.8

DOPAMINE RELEASE WITHIN THE NUCLEUS ACCUMBENS
ELICITED BY SEX-RELATED OLFACTORY CUES: EFFECTS
OF SEXUAL EXPERIENCE. J.B. Mitchell*. Dept. of Psychology,
Boston College, Chestnut Hill, MA 02167.
Exposure to primary incentive stimuli, such as food or sex-related
cues, leads to an increase in extracellular dopamine (DA) concentrations within the nucleus Accumbens. The current experiments
investigated the effect of sexual experience on the neurochemical
response to sex-related olfactory cues (bedding from cages that
housed estrus female rats). Male rats were tested with each of two
primary incentive stimuli, a highly palatable food and sex-related
olfactory cues while sexually naive and again after a test for sexual
behaviors. During presentation of these stimuli, extracellular DA
concentrations were measured within the nucleus Accumbens using
high speed chronoamperometry. The electrochemical signal was
obtained by applying a +0.55 V pulse, relative to a Ag/AgCl reference
electrode, to a carbon fiber electrode, at a rate of 5 Hz. While
sexually naive, presentation of either food or sex-related olfactory
cues reliably elicited an increase in the electrochemical signal. After
sexual experience, the response to sex-related olfactory cues was
significantly enhanced, whereas the response to food did not differ
from that obtained on the earlier test. These results indicate that
naturally rewarding stimuli increase activity within the mesolimbic
DA system. Furthermore, the augmented response to sex-related
olfactory cues after sexual experience suggests that changes in DA
release within the nucleus Accumbens are stimulus specific and
depend, at least in part, on the animal's previous experience.

INDIVIDUAL DIFFERENCES IN SUGAR CONSUMPTION
PREDICT INDIVIDUAL DIFFERENCES IN AMPHETAMINESTIMULATED DOPAMINE OVERFLOW IN THE
POSTERIOR-MEDIAL ACCUMBENS. T.L. Sills* and J.N.
Crawley. Section on Behavioral Neuropharmacology, NIMH, Bethesda, MD
20892
Rats exhibit significant individual differences in their consumption of sugar
and in their response to amphetamine (AMP) treatments. Intrinsic variation
in the functioning of the mesolimbic dopamine (DA) system is one potential
mechanism underlying the expression of these individual differences. The
present experiment examined the relationship between sugar consumption and
the DAergic and locomotor responses to AMP (1.75 mg/kg, i.p.). Rats were
divided into LOW and HIGH sugar feeders based on a median split of their
sugar consumption in response to a saline injection. In vivo microdialysis
was used to assess AMP-stimulated DA overflow in the posterior-medial
nucleus accumbens (Acc) in LOW and HIGH rats, and concomitant measures
of locomotor activity were obtained. There was a significant correlation
between sugar consumption and AMP-stimulated DA overflow in the
posterior-medial Acc. HIGH rats exhibited significantly larger increases in
AMP-stimulated DA overflow than LOW rats. HIGH rats also exhibited
significantly higher levels of Acc-DA overflow immediately after handling
and entry into the novel test chamber, suggesting a possible difference
between LOW and HIGH rats in the Acc-DAergic response to mild stress.
LOW and HIGH rats did not exhibit differences in locomotor activity either
in response to being handled or in response to AMP. These results indicate
that the propensity to ingest sugar is a predictor of the Acc-DAergic response
to AMP treatment and mild stress.
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EFFECTS OF D-AMPHETAMINE AND PHENCYCLIDINE ON BEHAVIOR AND
EXTRACELLULAR CONCENTRATIONS OF NEUROTENSIN AND DOPAMINE
IN THE VENTRAL STRIATUM AND MEDIAL PREFRONTAL CORTEX OF THE
RAT. T.H. Svensson. P. Hertel. J.M. Mathe. G.G. Nomikos. M. lurlo. B.,
Ulfhake* and A.A. Mathe. Dept Physiol & Pharmacol, Div Pharmacol,
Karolinska Institutet, 171 77 Stockholm, SWEDEN
The effects of phencyclidine (PCP; 2.5 mg/kg, s.c.) and d-amphetamine
(AMPH; 1.5 mg/kg, s.c.) on neurotensin-like immunoreactivity (NT-LI) and
dopamine (DA) in the ventral striatum (vSTR) and the medial prefrontal
cortex (mPFC) were studied in freely moving rats using microdialysis. The
effects of PCP and AMPH on locomotor activity were also analyzed. PCP,
but not AMPH, caused a significant 156% increase of NT-LI levels in the
vSTR which was relatively short lasting (< 2 h.) In contrast, both drugs
significantly increased NT-LI levels in the mPFC by almost 100% during the
same period. PCP and AMPH also significantly increased DA levels in the
vSTR by 83% and 364%, respectively. However, the peak effect of PCP on
DA appeared later than that of AMPH, i.e. at 150 min and 60 min,
respectively, after drug administration. Also in the mPFC both PCP and
AMPH significantly increased DA levels by 98% and 284%, respectively.
Generally, effects • on DA levels of both PCP and AMPH were, in contrast to
their effects on NT-LI levels, more long-lasting, i.e. of 3-4 hours duration.
Behaviorally, AMPH produced a more pronounced, general activation than
PCP, with a faster onset of action, i.e. within 30 vs. 90 minutes after
administration. However, both drugs produced long-lasting effects on the
spatial organization of behavioral activity, which lasted for 3-4 hours. Thus,
the more pronojnced behavioral stimulation by d-amphetamine vs. PCP in
the rat may largely be explained by its more potent DA releasing effect in
brain. Initial behavioral suppression by PCP, e.g. of rearing, as well as its
rather poor locomotor stimulant action might relate to release of NT in the
vSTR. The long-lasting, behavioral disorganization by both PCP and AMPH
may, however be related to increased release of DA rather than NT in the
mesolimbocoracal areas.

DOPAMINE I

662.10

D2 ANTAGONISTS INDUCE STRIATAL FOS-LIKE
IMMUNOREACTIVITY IN RATS DEPLETED OF STRIATAL
DOPAMINE AS WEANLINGS, BUT NOT AS ADULTS.
M. Sandstrom*, M. Sarter, and J.P. Bruno, Dept of Psychology and
Neuroscience Program, Ohio State University, Columbus OH 43210
Rats depleted of striatal dopamine (DA) with 6-OHDA as adults
exhibit profound motoric deficits for several weeks after the lesion.
Once recovered, these rats are supersensitive to the motoric effects of
low doses of D1 or D2 antagonists. Administration of D2 antagonists
to rats unilaterally depleted of DA as adults induces Fos-like
immunoreactivity (FLI) in the intact, but not in the depleted striatum.
In contrast, rats depleted of striatal DA as weanlings (Day 20) exhibit
modest motoric deficits for only days after the lesion. As adults, these
rats are not supersensitive to the motoric effects of low doses of DA
antagonists. We have found that D2 antagonists induce FLI in both the
intact and the depleted striata in rats treated with 6-OHDA on Day 20.
We interpret this lack of behavioral supersensitivity to low doses of DA
antagonists, and the retention of D2 antagonist-induced FLI following
the depletion in weanlings as suggesting that extracellular levels of DA
remain high in the Iesioned striata of these animals. Such increased
extracellular DA may also account for the fact that rats depleted of DA
as weanlings exhibit only modest deficits and recover from them within
several days.

662.11

662.12

THE LOCOMOTOR EFFECTS OF QUINPIROLE IN THE NUCLEUS
ACCUMBENS OF DEVELOPING RATS. C. Van Hartesveldt* and
K. J. Frantz, Department of Psychology, University of
Florida, Gainesville, FL 32611 U. S. A.
The purpose of the present experiment was to analyze the
locomotor activity of developing rats in response to various
doses of the dopamine D2 subfamily agonist, quinpirole,
injected directly into the nucleus accumbens.
Ten-, 20-,
and 30-day-old rats were implanted bilaterally with guide
cannulae in the cortex above the nucleus accumbens.
On the
next day, rats were injected with 0.25ul of distilled water
containing one of several doses of quinpirole (0.00, 0.01,
0.1, 1.0, 10.0, 20.0, 40.0 ug) .
Immediately after the
injection, locomotor behavior was recorded for 2 hr.
The responses of 10-day-old pups were highly variable,
but generally all doses of quinpirole increased activity
throughout the test session.
In 20-day-old pups, low doses
of intra-accumbens quinpirole did not alter locomotion.
However, the high doses decreased activity early in the test
session and increased activity later in the session; this
pattern is known as the biphasic locomotor response.
The
finding that high doses of quinpirole were required to
decrease activity in 20-day-old rats indicates that, at this
age in the nucleus accumbens, locomotor suppression is not
a "low dose phenomenon" and therefore is not likely to be
mediated by autoreceptors.
In contrast, a low dose of
quinpirole given to 30-day-old rats did decrease activity
early in the test session, thereby inducing the classic low
dose agonist-induced locomotor suppression.
High doses
induced the biphasic response in 30-day-olds.
Dopamine
autoreceptor function, D2 and D3 receptor activation, and
drug diffusion are possible determinants of these behaviors.

PAW PREFERENCE, TURNING BEHAVIOR AND DOPAMINE
FUNCTION IN THE COLLINS HI AND LO LATERALIZED MOUSE
STRAINS.
D.M. Nielsen.* J.N. Carlson. K.E. Vlsker. R.W. Keller, Jr.
and S.D. Glick. Dept. of Pharmacology and Neuroscience, Albany
Medical College, Albany, NY 12208
Mice exhibit a paw preference that is not task specific and is consistent
upon repeated measurement. The Collins Hi and LO lines are two
populations of mice that have been selectively bred to differ markedly
in the degree of paw preference. They represent a unique genetic
model of functional cerebral lateralization. Rotation (or circling) behavior
in normal unlesioned animals reflects an endogenous lateralization of the
functioning of brain dopamine (DA) systems. In the present studies
rotational behavior and lateralized brain DA neurochemistry were
assessed in the Collins Hi and LO lines of mice. Confirming Collins'
data, HI strain mice exhibited a stronger paw preference than LO strain
mice. HI strain mice also showed more net turns and a stronger percent
directional preference during nocturnal tests of spontaneous rotation. As
a population, HI mice also had a predominantly leftward turning
preference. NeurochemicaJ differences were also apparent between the
strains. DA and its metabolites were measured in the medial prefrontal
cortex (PFC), nucleus accumbens (NAS) and striatum. The lines differed
on certain measures of DA utilization in the PFC and NAS. Side, paw
preference, turning preference, sex and strain interacted in a complex
way to determine measures of DA utilization in the striatum. (supported
by MH 45539)

662.13

662.14

RELATION BETWEEN ELECTRICALLY EVOKED ROTATIONAL
BEHAVIOR AND DOPAMINE OVERFLOW IN THE CAUDATE NUCLEUS
AND NUCLEUS ACCUMBENS. L. T. L. Tran-Nguyen* and E.
Castafleda. Arizona State University, Tempe, AZ 85287-1104.

ROTATIONAL BEHAVIOR IN INTACT RATS FOLLOWING INTRASTRIATAL INJECTIONS OF DOPAMINERGIC DRUGS. I.D. Smith*
and R.J. Beninqer. Dept. Psychology, Queen’s Univ., Kingston, Canada.
Imbalances in striatal dopamine (DA) following unilateral 6-OHDA lesions
produces rotational behavior as a result of receptor supersensitivity. Motor
asymmetry due to manipulation of DA receptors in rats without DA depletions
is rarely studied. Rotation caused by glutamate (GLU) receptor agonists
(NMDA, kainate, AMPA and ACPD) has been studied in normosensitive rats
and is dependent on DA receptor tone. It is unclear however, whether the
behavioral effects of DA agonists depend on GLU receptor stimulation.
Cannulated rats received 0.5pl injections into the dorsal striatum. The
direct DA agonist apomorphine (0.67, 6.7, 66.7mM) failed to caused rotation.
In addition, neither the D1 agonist SKF 81297 (1, 10, 100mM), the cAMP
analogue Sp-cAMPS (0.11, 1.1, 11.2mM), nor the D2 agonist quinpirole
(0.78, 7.8, 78.2mM) affected turning. In contrast, the DA releaser
amphetamine (AMPH) (1.1, 10.9, 108.7mM) caused contralateral circling.
This effect was reversed by co-injection of the D1 antagonist SCH 23390

Male Sprague-Dawley rats received a unilateral bipolar electrode in
the medial forebrain bundle and bilateral microdialysis probes in the
caudate nucleus (CN) or nucleus accumbens (NAc) and 24 hr later were
tested for 2 days. On day 1, rats received monopolar electrical
stimulation at 100p.A or 200pA (50 Hz, 10s trains, 1-min ISI) for a 20min period. On day 2, rats received stimulation at the other intensity.
Next, electrical stimulation (200pA) was applied in the presence of
tetrodotoxin (TTX; 5pM) infused through the microdialysis probe
ipsilateral to the electrode. Extracellular overflow of dopamine (DA),
3,4-dihydroxyindoleacetic acid (DOPAC), homovanillic acid (HVA),
and 5-hydroxyindoleacetic add (5-HLAA) were measured during resting
state and electrical stimulation. Quarter turns contralateral and
ipsilateral to the stimulated side were measured throughout
microdialysis testing. Contralateral turns occurred during electrical
stimulation and were intensity-dependent. TTX infusion attenuated
this behavioral response. DA and DOPAC overflow were enhanced
bilaterally during electrical stimulation in the CN in an intensityinsensitive manner and only at the higher intensity in the NAc. HVA
and 5-HIAA levels showed a delayed increase in response to the
electrical stimulation that peaked 20 to 40 min following stimulation.
TTX infusion decreased monoamine overflow in the treated hemisphere.
The ability to use this technique to study functional changes in DA
metabolism will be discussed.
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(3.1 mM), but was not significantly reduced by the D2 antagonist eticlopride
(5.3mM). Finally, AMPH-induced rotation was reversed by TTX co-injections
(100^M) but was not blocked by the NMDA receptor antagonist AP7
(0.88p M) or the kainate/AMPA antagonist CNQX (500p M).
These data suggest that post-synaptic stimulation of striatal DA receptors
by exogenous drugs (apomorphine, SKF 81297, quinpirole) does not cause
behavioral asymmetry, whereas releasing endogenous stores of DA (AMPH)
will result in turning away from the injection. This rotation appears to depend
on D1 receptors (SCH 23390 block) and may occur through an increase In
striatal discharge (TTX block), but does not seem to require intact GLU
neurotransmission (AP7, CNQX failure to block). (Supported by NSERC)
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A COMPARISON OF THE LOCOMOTOR STIMULANT EFFECTS OF DlLIKE AGONISTS IN MICE. P. Terrv* and J.L. Katz1. ' Psychobiology Section,
NIDA Addiction Research Center, P.O. Box 5180, Baltimore, MD, USA, and
School of Psychology, University of Birmingham, Edgbaston, Birmingham B15
2TT,UK
Agonists at Dl-like receptors are often reported to produce only mild stimulation
of locomotor activity in rodents. However, a recent study described a profound,
long-lasting locomotor stimulant effect of the prototypical Dl-like agonist SKF
38393 in C57/B16J mice (Tirelli and Terry, 1993, Psychopharmacol., 110: 69). The
present study compared effects of five Dl-like agonists on locomotor activity in
non-habituated, Swiss-Webster mice. Each drug was injected IP (0.1-100 mg/kg
and vehicle; independent groups) and locomotor activity was monitored in
photobeam arenas for 3 hours post-injection. Four of the drugs (SKF 82958, SKF
81297, SKF 77434 and SKF 75670) produced strong stimulant effects over the dose
range 0.1 -10 mg/kg, and these persisted for at least two hours. At 100 mg/kg, each
drug produced a biphasic effect: locomotor inhibition followed by enhanced activity.
The fifth drug, SKF 38393, only produced the high-dose biphasic effect; there was
negligible locomotor stimulation at the lower doses. However, SC injection of SKF
38393 produced stimulant effects across the dose range, and these continued beyond
three hours. For the five agonists, there was no relationship between reported
efficacy in stimulating adenylyl cyclase activity and efficacy in stimulation of
behavior, nor was there any clear association between reported receptor affinity and
behavioral potency. The results confirm the stimulant profile of Dl-like agonists and
further demonstrate a dissociation between certain pharmacological characteristics
of these drugs and their behavioral effects. The results also indicate that effects of
SKF 38393 are not always characteristic of other Dl-like agonists.

A NOVEL SYSTEM FOR SIMULTANEOUS MEASUREMENT OF LOCOMOTOR
ACTIVITY DURING MICRODIALYSIS EXPERIMENTS IN FREELY-MOVING
RATS. DLL, Alexoff. S,L. Dewey. C. -E. Chen. D. L. Tedeschi. R. Straughter-Moore.
D. D’Emilia. J.S. Fowler* and S.J. Gatlev. Chem and Med Dep’ts, Brookhaven
National Laboratory, Upton, NY 11973
Microdialysis can accelerate the biological characterization of new drugs or
neuroactive chemicals by measuring changes in extracelluar neurotransmitter
concentrations following pharmacologic challenge. Behavioral data on freely moving
animals during microdialysis, however, is often not collected due to the complication
and expense of interfacing standard commercial behavioral systems to new
microdialysis equipment. We describe an inexpensive system for monitoring rat
locomotor activity simultaneously during microdialysis experiments. The system is
based on the gimbaled tethering arm in Bioanalytical Systems CMA/120 Awake
Animal System. An optical proximity detector (SmartEye, TRITRONICS, Tampa,
FL) was mounted opposite the end of the gimbaled arm so that excursions of the arm
caused by the animal’s movements would alternatively reflect or let pass the
detector’s infra-red beam. The digital output of the detector was interfaced to an IBM
PC programmed to count both positive and negative arm deflections during the
experiment. Locomotor counts were summed over 5 min. intervals and stored. Data
was collected using 4 time windows (0, 13 and 5 sec.) to evaluate the detector’s
selectivity to rat head movements, such as grooming or sniffing, compared to gross
movements. Locomotor data collected after amphetamine was consistent with the
well-characterized amphetamine-induced locomotor response. This system is suitable
for assaying locomotor responses to drug challenges during microdialysis
experiments. We have applied this system to potential new radiopharmaceuticals
including novel monoamine uptake inhibitors (Pan, et al., Eur. J. Pharm.. 1994) and
new serotonergic ligands. Supported by DOE/OHER, NINDS, NIMH 49165,
NARSAD and BNL-LDRD.

662.17

662.18

QUINPIROLE MODULATION OF ACTIVITY LEVELS AND
EXPLORATORY BEHAVIOR IN RATS WITH FORNIX
TRANSECnONS. B. Osborne*. A.C. Dukowicz. D.A. Hutcheson.
W. T. Maris and L.G. Adams. Dept. of Psychology, Middlebury
College, Middlebury, VT 05753.
The ability of the dopamine agonist, quinpirole, to modulate

STIMULATION OF DOPAMINE RECEPTORS IN THE MEDIAL PREFRONTAL
CORTEX MEDIATES INHIBITION OF SPONTANEOUS LOCOMOTOR ACTIVITY.
R. A. Radcliffe and V. G. Erwin*. School of Pharmacy, University of Colorado Health
Sciences Center, Denver, CO 80262
It is well established that stimulation of dopamine receptors (DAR) in the nucleus
accumbens (Acb), a major limbic DA terminal field, initiates increases in locomotor
activity. The medial prefrontal cortex (mPFC), also an important DA terminal field, is
thought to regulate DA functions in the Acb. The locomotor response to DA stimulation in
the mPFC, however, has not been well characterized. We have previously demonstrated that
application of the selective DA uptake blocker GBR-12909 into the mPFC of LSP/IBG mice
causes a dose-dependent decrease in locomotion followed by a return to control values. The
intent of the present study was to determine which DAR subtype(s) is responsible for the
observed biphasic response and if application of GBR into the mPFC mediates altered DA
activity in the mPFC or in the Acb. Bilateral cannula guides were implanted into the mPFC
of LSP/IBG mice. 24 hours post surgery, the subjects were injected bilaterally with either
GBR, the DAR-D1 antagonist R(+>SCH-23390, the DAR-ID antagonist epidepride, or a
combination of drags. Distance traveled was monitored in an automated open field
apparatus. Doses of SCH (1-100 pmol) alone had no effect on locomotor activity but
simultaneous injection (10 pmol) with GBR (0.1-1000 pmol) attenuated GBR-induced
inhibition. Epidepride (0.1-100 fmol) alone produced a dose-dependent decrease in
locomotor activity, but simultaneous injection with GBR had no effect on the response to
GBR. Alteration of DA metabolism was estimated from tissue levels of DA and DA
metabolites, determined with HPLC coupled to EC detection, in the mPFC and Acb after
unilateral injections of doses of GBR. Preliminary evidence indicates that 5 min post
injection, GBR caused the ipsilateral mPFC HVA/DA ratio to increase above contralateral
values at low doses and return to control at high doses. Ipsi- and contralateral DOPAC and
DA levels were not different in the mPFC. In contrast, at this same time point, GBR had no
effect on DA, HVA, or DOPAC levels on either side of the Acb. The results of these studies
suggest that an increase in synaptic DA in the mPFC is responsible for depressed
locomotion and that this response is mediated by DAR-Dt. Furthermore, while blockade of
DAR-D2 is able to suppress locomotion, this effect is not additive to the GBR response.
(This work was supported, in part, by USPHS grants DA01717 and AA0733O.)

the exploratory behavior and activity levels of control rats and rats
with fornix transections was examined under different dose levels

and basal activity levels. Control rats and rats with fornix
transections were given either saline, 0.03 mg/kg quinpirole, or 0.5
mg/kg quinpirole, i.p., 15 mins, prior to exploration of an enriched
novel environment. Following this first experience, rats were
habituated to the environment and tested again under the same drug
conditions. Under both conditions, latency to move, activity levels
and the frequency and duration of rearing and object interactions
were recorded. With saline injections, fornix transected rats were
more active, had more frequent object interactions, less rearing, and
the durations of behaviors were shorter. At the .03 mg/kg dose
level, quinpirole reduced activity of all groups and returned the
activity levels of fornix transected rats back to normal levels. At 0.5
mg/kg, quinpirole reduced the levels of fornix transected rats but to a
lesser extent. Controls were not affected on initial exposure, but both
control and fornix transected rats failed to habituate under the
higher dose level. Exploratory behavior was also affected but to a
lesser extent. The results are discussed in terms of pre-and postsynaptic effects at different dose levels, and dopamine and
glutamate actions at nucleus accumbens.

662.19

662.20

CHANGES OF THE ACOUSTIC STARTLE RESPONSE IN RATS
AFTER LOCAL INJECTION OF PERTUSSIS TOXIN INTO THE
VENTRAL TEGMENTAL AREA. T. Zhang, J. A. EngeL S. Hjorth
and L. Svensson*. Dept. Pharmacol., Goteborg Univ., Goteborg,
Sweden.
The effect of local injection of pertussis toxin (PTX) into the
ventral tegmental area (VTA) on the acoustic startle response
(ASR) in rats was investigated. The PTX treatment caused only
minor effects of its own on ASR magnitude or prepulse inhibition
(PPI) of ASR magnitude. However, systemic treatment with the
indirect DA receptor agonist, amphetamine (2 mg/kg, s.c.), caused
a significant increase of ASR magnitude and a significant
disruption of PPI in PTX-treated rats while no such effects were
observed in sham-treated rats. Treatment with the direct DA
receptor agonist, apomorphine (2 mg/kg, s.c.), caused a significant
disruption of p Pi , an effect that was observed in both PTX- and
sham-treated rats. Treatment with the 5-HTi a receptor agonist,
8-OH-DPAT (0.5 mg/kg, s.c.), did not affect PPI in either group
but caused a marked increase of ASR magnitude in sham-treated
rats. Interestingly, this effect was blocked in PTX-treated rats. The
present results suggest that local injection of PTX into the VTA
causes an increased sensitivity to the behavioural effects of
psychostimulants on acoustic startle and may also suggest that
intact midbrain 5-HTi a receptors are essential for the effect of
5-HTia agonists on acoustic startle.

EFFECTS OF REWARD AND STRESS ON IN VIVO HYDROXYLATION
OF TYROSINE AND TRYPTOPHAN IN RAT NUCLEUS ACCUMBENS:
A MICRODIALYSIS STUDY.
D. Nakahara* and M. Nakamura.
Department of Psychology, Hamamatsu University School of Medicine,
3600 Handa-cho, Hamamatsu 431-31, Japan
Microdalysis studies have recently shown that serotonin metabolism
in the nucleus accumbens is equally enhanced by rewarding and stressful
stimuli, while the release and metabolism of dopamine in this region is
differentially affected by these two stimuli, with a larger enhancement in
rewarding than stressful situations. In the present study, we applied the
micrtohdlysis technique to assess the changes in the synthesis of
dopamine and serotonin in response to rewarding and stressful
manipulations by measuring accumulation of 3,4-dihydroxyphenylalanme
(DOPA) and 5-hydroxytryptophan (5-HTP) after the local infusion of an
aromatic L-amino acid decarboxylase inhibitor, NSD-1015 (3hydroxytenzylhydrazine dihydrochloride), through the dialysis
membrane. The rate of accumulation o^DOPA and 5-HTP was utilized as
an index of the in vivo hydroxylation of tyrosine and tryptophan,
respectively. Self-stimulation o^the medial forebrain bundle was used as
a rewarding manipulation and immobilization as a stressful
manipulation consisted of taping their limbs to a wood board with
adhesive tape.
Self-stimulation caused a significant increase in both DOPA and 5HTP accumulations. On the other hand, immobilization stress increased
5-HTP accumulation without affecting DOPA accumulation.
TOken together with previous data, our results suggest that dopamine
activity in the nucleus accumbens may be more responsive to reward
rather than stress, and that serotonin activity in this region may be
responsive to stress as well as reward.
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THE SEROTONIN SYNDROME IN THE MOUSE.
R.J.Blanchard*.
G. Oriebel, M.M.R. Brash, Jennet Ll ,, and D.C. Blanchard, Pacific BiBmmiidal
Research Center, Univ. of Hawaii, Honolulu, HI 96822
The effects of selective activation of central 5-HT 1A receptors on the behavior
of mice have not been clearly defined. Yamada et al. (1988) found that the
5-HTia receptor full agonist 8-OH-DaAT induced a distinct 5-HT syndrome,
whereas Goodwin and Green (1985) reported that in mice the drug did not induce
any distinct behavioral alteration.
Behavioral effects of 8-OH-DaAT (0.5-10ra g/kg, i.p.) were examined in
mice in a home cage setting. Vehicle controls displayed an initial activity that
declined gradually over the observation period, providing a shifting baseline for
evaluation of 8-OH-DaAT effects. During initial segments of the test period, 1
and 10 mg/kg blocked rearing and hanging on the wire mesh. Eating was
increased at 10 ffig/kg. Grooming was inhibited and Straub tail response
increased at all doses. In the earliest post injection period (10 min) 8-OH-DaAT,
at low and moderate doses only, produced rapid, ballistic-type forelimb
movements ending near the sides of the mouse's head. Also, in an oval runway
permitting limitless forward progression, moderate and high doses produced a
distinct suppression of forward locomotion which exhibited itself as periods of
immobility, tight rotating and circling.
These data provide some puzzling differences from the effects of 8-OH-DaAT

THE EFFECT OF EXERCISE AND L-TRYaTOaHAN
ADMINISTRATION ON EXTRACELLULAR SEROTONIN
METABOLISM IN RAT HIaaOCAMaUS. R. Meeusen*. K.
Thorr& . S, Sane , K. De Meir^. G. Ebinger and Y. M-ichotte. Dept.
Human ahysiology and Sportsmedicine, Vrije Universiteit Brussel,
Laarbeeklaan 101,1090 Brussels, Belgium
The purpose of this study was to examine the effects of L-TRa
administration in combination with exercise on extracellular
concentrations of 5-HT and 5-HIAA in rat hippocampus using
microdiaiysis. The day before the experiment, after the microdiaiysis
probe was implanted, male albino wistar rats were placed on the
treadmill and stayed there until the end of the experiment. The
following day, after stable baseline values were obtained. L-TRa (50
mg/kg i.p.) or saline was administered in a single dose. One hour
later the animals ran for 60 min at a moderate speed (12 m/min) on a
treadmill. Administration of L-TRa slightly increased extracellular
concentrations of 5-HT and 5-HIAA. During and following exercise
the 5-HT and 5-HIAA concentrations significantly increased (+ 120
%) and stayed above baseline during the following two hours.
Extracellular 5-HT and 5-HIAA concentrations were significantly
different between the saline-exercise and the L-TRa-exercise animals.
Our results suggest that after precursor loading 5-HT metabolism and
release is increased due to exercise.

in rats, which include continuous forward locomotion and forepaw treading when
forward locomotion was interrupted. The present finding of opposite patterns in
the mouse suggests the value of investigation of species differences in response
to compounds which act at the 5-HT 1a receptor.
Supported by a grant from the Howard Hughes Med. Inst, through the Undergrad.
Biol. Sci. Educ. arog. and NIH RR03061.

663.3
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CHANGES IN EXTRACELLULAR BRAIN SEROTONIN DURING THE
LIGHT/DARK TRANSITION:RELEASE IS CORRELATED WITH BEHAVIORAL
ACTIVITY RATHER THAN THE CIRCADIAN CYCLE B.L. Jacobs* and L.E.
Rueter Prog. Neurosci.,Dept. Psychology, Princeton Univ., Princeton, NJ 08544
The degree of she specificity with which serotonin is released in the forebrain
and the physiological conditions under which release is altered are still unclear,
The present study was designed to address these issues in the context of
changes across the daily transition from light to dark, by employing in vivo
microdialysis in the freely moving rat. Cannulae were implanted in the anterior
dorsolateral hippocampus, the corpus striatum, the amygdaloid complex, and
the frontal cortex in male Sprague-Dawley derived rats (two different sites per
animal, all six site combinations used). After one week of recovery, concentric

SEROTONIN RELEASE DURING STRESSFUL AND NON-STRESSFUL
CONDITIONS:
IS
THE
SEROTONERGIC
SYSTEM
SPECIFICALLY
STRESS-ACTIVATABLE? L.E. Rueter* and B.L. Jacobs Prog. Neurosci., Dept.
Psychol., Princeton Univ., Princeton, NJ 08544.
Neurochemical studies indicate that stressors increase release and/or turnover of
serotonin while electrophysiological studies indicate that stressors do not increase
serotonergic neuronal activity above levels seen during spontaneous active waking.
The present study was designed as an attempt to reconcile these apparently disparate
literatures using in vivo microdiaiysis to measure serotonin in various forebrain sites.
We also employed two important experimental design controls: stress exposure
during the rat's dark or active phase and direct comparison of the stress response to a
non-stressful condition containing somewhat similar behavioral/activatiofial
components. (See previous abstract for experimental details.) Sampling began a half
hour into dark phase; sample time was 30 minutes. The baseline or control condition
was taken as the 90 minutes prior to manipulation. Each rat was exposed to two
conditions of the following manipulation sets: 1. tail pinch(tp), tp with food, and food;
and 2. swimming and floating. Order of presentation was varied. Results indicate that

microdiaiysis probes were inserted in both sites and perfused simultaneously.
Sampling began three hours prior to lights off and at least twelve hours after
probe insertion. Samples were taken every half hour for three hours of light
and then two hours of dark. Each session was videotaped and scored for time
spent in alert waking. Results indicate that serotonin release increases
significantly during the first half hour of dark phase in all areas tested
(hippocampus 43.7%, striatum 11.3%, amygdala 16.8%, frontal cortex 19.5%).
The increase in hippocampus is significantly greater than the other sites.
Release was positively correlated with alert waking time ( hippocampus r=.87,
striatum r=.61, amygdala r=.88, frontal cortex r=.91). When matched for activity
levels within subjects, serotonin release in the light essentially equaled release
in the dark (activity> 15 min: light 121% of baseline,dark 119%; activity-* 5 min:
light 97% of baseline, dark 89%). These results show that, in agreement with
electrophysiological studies, serotonin release is correlated with behavioral
activation rather than the light-dark cycle per se, and that there can be
specificity of degree of release in target areas of the serotonergic system (i.e.
greater release in the hippocampus). Supported by grants from AFOSR and
NIMH.
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CONDITIONS (% increase from baseline: all n‘s > or = 101
float
swim
tp w/food
SITE
food
Je
20.3% 26.8%
41.0%
37.5%
hippocampus 50.6%
15.2% 12.8%
28.0%
322%
26.1%
striatum
55.7%
43.3%
36.0% 40.4%
36.3%
amygdala
27.0%
57.1% 35.7%
44.8%
frontal cortex 33.2%
serotonin release during tp, tp with food, and food was increased in each area to
approximately the same degree. Serotonin release was also increased during
swimming and floating in each area to approximately the same degree. These results
suggest that under these conditions serotonin is released in the forebrain in a fairly
nonspecific manner and that the serotonergic system is not specifically stress
activatable but rather that serotonin release is best correlated with behavioral
activation/motor activity. Supported by grants from AFOSR and NIMH.

663.5
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CLONING THE ECDYSONE-RECEaTOR FROM THE AMERICAN
LOBSTER, Homarus americanus. A. Ouinones-Hinojosa* & E. A. Kravitz.
Department of Neurobiology, Harvard Medical School, Boston, MA 02115.
The steroid ecdysone is the molting hormone in crustaceans and insects.
Ecdysone has been shown in insects to serve important roles in the transformation of
the larval CNS to that of the adult. Ecdysone acts by binding to a cellular receptor
protein, which is translocated to the nucleus where it binds to multiple target genes.
Ecdysone levels fluctuate over the molt cycle in lobsters with a large peek seen in
the D2-D3 period (Snyder and Chang, 1991). Aggressive behavior also varies over
the molt cycle in lobsters (Tamm and Cobb, 1978). Early in the cycle (post molt
period) animals show little aggression, while shortly before the next molt (premolt)
animals become highly aggressive. Our studies suggest that serotonin is involved
in aggressive behavior in lobsters. Certain serotonergic neurons show elevated levels
of the amine in the premolt period. In beginning to explore the possibility that
ecdysone, serotonin and aggression are linked in lobsters, we are attempting to clone
the lobster ecdysone receptor.
First stage larval lobster were used for these studies. mRNA was isolated from
whole animals and cDNA was synthesized. Oligonucleotides were designed from
highly conserved regions of the cDNA sequences of Drosophila ecdysone-receptor
genes. Using a aCR strategy, amplified pieces of DNA were cloned and later
sequenced by the Sanger method. A 535 bp fragment was isolated that showed 70%
sequence homology to the ecdysone-inducible genes E75A and B from D.
melanogaster. We are attempting to isolate and characterize the full length cDNAs
for these transcription factors and will continue a search for the ecdysone receptors
themselves. As the various molecular entities are isolated we will design probes to '
ask whether ecdysone-receptors or related genes are expressed in nerve cells containing
the neurotransmitter serotonin.
Supported by NINDS # 25915

IN-VIVO VOLTAMMETRY IN THE NERVOUS SYSTEM OF INVERTEBRATES
M. HOmer. F.W. Schurmann* and E.A. Kravitz. Harvard Medical School, Dept. of
Neueobiology, 220 Longwood Ave., Boston 02115, MA,
There is growing evidence that biogenic amines like serotonin (5HT) after release
from neuronal terminals can have both synaptic and non-synaptic influences (Fuxe &
Agnati, 1991; Volume Transmission In The Brain; Novel Mechanisms For Neural
Transmission). In the latter case diffusion through extracellular space allows
neuroactive substances to affect a wide target area and not only immediate adjacent
post-synaptic sites. 5HT has been shown to exert strong influences on behavior in
insects and lobsters. In these species possible paracrine release sites have been
identified by immunocytochemistry.
In order to measure dynamic changes of extracellular 5HT levels with high
temporal and spatial resolution we have been using chronoamperometry (0.5 V, 5-10
Hz, IVEC, Medical Systems Corp.) with fine diameter carbon-fibre glass electrodes
coated with Nafion™. Recordings are made in regions shown by
immunocytochemistry to be high in 5HT. The identification of electroactive species is
based on the substance-specific ratios of redox-currents.
In the cricket brain, site-specific release of serotonin-like signals is observed in
the region of the central body during aversive behavior. The time course of the
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voltammetric signals, when related to the ongoing behavior, suggests diffusion of
5HT from terminals within the central body, a neuropil area containing high amounts
of 5HT. In lobsters we have compared signals generated in physiologically identified
serotonergic, octopaminergic, GABAergic and glutamatergic neurons. In preliminary
experiments we have measured the clearance of injected 5HT from the circulation
using carbon electrodes chronically implanted into the heart. Our future goals are to
measure the release of serotonin into known neurohemal areas during aggressive
behavior.
Supported by the Alexander von Humboldt Foundation and NINDS
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PROZAC, SEROTONIN UPTAKE AND AGGRESSION IN LOBSTERS. M
M. Orzeszvna. R. Huber! and E.A. Kravitz*. Dept. of Neurobiology, Harvard
Med. School, Boston 02115, JDept. of Neurobiology, Institute of Zoology,
University of Graz, Universitatsplatz 2, Graz 8010, Austria.
Our previous studies suggest that serotonin serves important roles in
aggression in lobsters. Fluoxetine (Prozac), a valuable therapeutic agent in the
treatment of depression, is an effective blocker of serotonin uptake in
vertebrates. With the aim of possibly using this substance in studies of
aggression in lobsters, we first examined the effects of Prozac on serotonin (5HT) uptake in lobster nervous tissue. Incubations were performed using pairs
of second thoracic roots, which contain dense plexuses of serotonergic and
octopaminergic neurosecretory terminals. Nerves from one side acted as
controls for the other side, and 5-HT and octopamine levels were measured
using HPLC with electrochemical detection. Incubation in I0"5-i0-6 M 5-HT

increased the levels of 5-HT in tissues by 60% with no effect on octopamine
levels. Prozac effectively blocked this increased uptake of 5-HT.
Further experiments, using 3H-5-HT, supported an earlier finding
(Livingstone et al., 1980) that there are likely to be two forms of 5-HT uptake: a
high-affinity, saturable uptake into serotonergic neurons, and a second lowaffinity, non-saturable uptake, possibly into surrounding tissues. Prozac
appears to act as a competitive inhibitor of the former form of uptake alone.
When injected into living animals, Prozac (l0*4 M) was not toxic. We
also saw no immediate behavioral effect of acute Prozac treatment. 5-HT
injections cause subordinate animals to be significantly more likely to engage in
fights with dominants (Huber et al., unpubl.). We are now testing the effects of
Prozac on the 5-HT-mediated enhancement of aggressive behavior of
subordinate animals and examining the effect of chronic Prozac treatment.
Supported by NINDS and the Ford Foundation.

663.9
EXPRESSION OF THE SHAB GENE IN THE CNS OF THE AMERICAN
LOBSTER. H. Schneider*. D.J. Baro. R.M. Harris - Warrick. & E.A. Kravitz,
Neurobiology Dept. Harvard Med. Sch., Boston, MA 02115, Dept. Neurobiol.
& Behav., Cornell Univ., Ithaca, NY 14850.
Serotonin (5HT) and octopamine (OA) appear to participate in the
regulation of agonistic behavior in the American lobster, Homarus americanus
(Kravitz, '88). Serotonin injections into the hemolymph trigger postures simlar
to those seen in dominant lobsters while OA injections elicit postures similar to
those seen in subordinate animals. In addition, 5HT injections into subordinate
lobsters shortly after a hierarchy has been established, can alter the behavioral
status of these animals and dramatically increase their fighting activity (Huber et
al., unpubl.). In isolated nerve cords, 5HT and OA have opposing effects on
flexion and extension motor circuits (Harris-Warrick & Kravitz, '84).
We have begun searching for long term physiological and molecular
changes in the lobster ventral nerve cord that maybe correlated with dominant or
subordinate status. Here we present the pattern of expression of the Homarus
shab K+-channel gene in 5HT- and OA neurosecretory cells and in postural
motoneurons (MNs). Applying PCR methods we have partially cloned a
Homarus shab gene that is 92% identical at the nucleotide level to the shab gene
of the spiny lobster, Panulirus interrupts, and 82% identical to with the
Drosophila shab gene. The mRNA for this gene is • found in inhibitory and
excitatory flexor abdominal MNs but not in 5HT- neurosecretory cells as
demonstrated by single cell PCR. The expression pattern correlates with the
physiological activities of these cells. Serotonin neurons are spontaneously active
while the studied MNs are not. We plan to compare the shab expression pattern
with those of the shal, shaw, and shaker forms of K + -channels and ask how the
patterns correlate with the intrinsic properties of 5HT- and OA cells in lobsters
of different behavioral status.
Supported by NINDS.
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CLONING OF AMINE HYDROXYLASE GENES FROM THE
LOBSTER. X.-S. Chen. L.N, Geller. ' A Kopp, R. ,Hawley. C. PeFranco*.
and H. Potter. Dept. Neurobiology, Harvard Medical School, Boston, MA
02115.
The amine hydroxylases are of particular interest because of their
roles as the rate-limiting enzymes on the pathway for serotonin and
catecholamine synthesis which have been shown to induce posture and
behavior changes in lobster. We have isolated five independent amine
hydroxylase cDNA clones including two 5’-end and three 3’-end RACE
clones. Sequence analysis demonstrated that (1) The two 5'-end RACE
clones are totally different from each other at their 5' untranslated
regions, partially different at the beginning of the translated regions, and
identical in the remainder of the translated region. (2) All of the 3’-end
clones terminate at known polyA sites and are identical in their translated
regions. They have identical 3’ untranslated regions for a short stretch,
followed by 'different sequences. (3) The three 3’-end clones overlapped
the 5’-end clones, thus identifying a contiguous coding sequence. (4)
Alignment of deduced lobster TRH with Drosophila TRH/PAH, rat TRH,
rat PAH, and rat TH proteins showed >76% identity. Northern blot
analysis of lobster polyA+ mRNA revealed three transcripts of 1.6 to 2.2
kb. The exact identity of the protein encoded by the single large open
reading frame is not apparent from the sequence data, although it is
clearly of an amine hydroxylase. In situ hybridization with the different
untranslated sequences reveals different patterns of hybridization, raising
the possibility that more than one enzyme is encoded by a single gene.

663.10
SEROTONERGIC MODULATION FOLLOWS CHANGES IN SOCIAL STATUS. S.-R. Yeh* and D.H. Edwards Department ofBiology,
Georgia State University, Atlanta, GA, 30302-4010.
Social relationships among animals influence their behavior by affecting the neural circuits and responses that control behavior. We have
found that the effect of bath-applied serotonin on the responsiveness of
the crayfish lateral giant (LG) tailflip command neuron changes with
changes in the animal's social status. We recorded LG responses in socially isolate, dominant and subordinate crayfish before, during and after
bath-application of 5-HT and 5-HT agonists. 5-HT reversibly enhanced
the LG EPSPs and lowered the stimulus threshold in dominant crayfish,
and reversibly inhibited the cell and raised threshold in subordinates.
Tests with different vertebrate 5-HT agonists suggest that the LG neurons
have at least three populations of 5-HT receptors that differ in their relative number or efficacy in dominant, subordinate, and isolate crayfish.
Dominant/subordinate social status is determined within half an
hour of pairing isolated animals; 5-HT's effect on LG changed much more
slowly following pairing. 5-HT-induced enhancement ofLG's response in
isolates decreased linearly in the new subordinates, crossed zero at 7 days
pairing and became strongly inhibitory by 12 days. 8 days re-isolation restored the enhanced responses.
Supported by grants from the NIH and the NSF.

663.11

663.12

OPPOSITE EFFECTS OF SEROTONIN ON THE DENDRITES AND
AXON OF A COMMAND NEURON MJ. Weissburg, B.E. Musof, S.R Yeh and D.H. Edwards* Department of Biology, Georgia State University, Atlanta, GA, 30302-4010.
A neuromodulator usually has a suite of effects on a neuron that
act together to increase or decrease excitability. The identification of
many kinds of serotonin (5-HT) receptors, some of which have opposing
effects on excitability, raises the possibility that 5-HT could have opposing actions at different locations in the same neuron. We report here such
a case, where bath-applied 5xl 0'-M 5-HT increases the excitability of the
lateral giant (LG) neuron of crayfish but also causes conduction failure in
the cell's axon. 5-HT causes EPSPs in LG's initial axon segment to increase and the stimulus threshold of the spike to decrease, whereas the
mid-axonal spike becomes smaller, briefer, and then fails. All these effects
are reversible with saline wash. These opposing effects are seen in socially
dominant crayfish, but not in social isolates, where 5-HT irreversibly enhances LG EPSPs and reduces threshold while axonal conduction is maintained. We suppose that the different effects of 5-HT on LG result from
different distributions of two or more 5-HT receptors in the cell, and that
this receptor pattern is specific to socially dominant crayfish.
Supported by research grants from NIH and NSF.

DO SEROTONIN 1A OR IB RECEPTORS INFLUENCE
OFFENSIVE AGGRESSION IN FEMALE HAMSTERS? M. A.
Joppa*,
R. L. Meisel and K. Bunting.
Department of
Psychological Sciences, Purdue University, West Lafayette, IN
47907.
Selective 5-HTn receptor agonists and mixed agonists of the
5-HTn and 5-HT1B receptors have been reported to decrease
both intermale and maternal aggression in rats.
In this
experiment, we tested the effects of the specific 5-HTu receptor
agonist, CGS 12066A, and the specific 5-HTn receptor agonist,
8-Oh -DPAT, on interfemale aggression.
For 3 weeks,
ovariectomized hamsters received icv vehicle injections and an
aggression pretest followed 2 days later by one of 3 icv doses
(5, 10, and 20 pg) of either 8-OH-DPAT or CGS 12066A and
an aggression test. Latency to attack, number of attacks, and
number of uprights did not differ following any of the 3 doses
of CGS 12066A or 8-OH-DPAT, nor were any side effects
consistently observed. However, when 8-OH-DPAT was given
ip, side effects significantly increased and latency to attack,
number of uprights, and number of attacks significantly
decreased.
The neurochemical mechanisms underlying
interfemale aggression in hamsters may be different from those
regulating intermale aggression in rats and mice.

This research was supported by a grant from the National
Science Foundation (IBN-9412543).
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SEROTONIN CONTROLS FIGHTING BEHAVIOR IN CRAYFISH. Robert
Huber. Edward A. Kravitz and Simone Helluv* Dept. Zoology, Univ. Graz; Dept
Neurobiology, Harvard Medical School; Dept. Biology, Wellesley College.
When the amines, serotonin and octopamine are injected into the
hemolymph of lobsters and crayfish, they trigger postures resembling those seen
in dominant (serotonin) and subordinate (octopamine) animals. These initial
observations led to detailed studies in crustaceans on the role of amine neurons in
fighting behavior.
The recent development of analytical methods for
quantification of fighting behavior (Huber and Kravitz, 1995) now allows us to
carry out pharmacological interventions and ask whether any important changes
in behavior result.
Using crayfish (Astacus astacus), we first tested the effects of serotonin.
Ten pairs of animals differing 30% in size were selected. Indwelling fused silica
cannulae were glued into the pericardial sinus of the smaller animals. In all cases,
when placed together the larger animal quickly assumed the dominant position
(pre-inj). Using a syringe pump, saline was infused into the subordinate animal
(control inj) resulting in little or no qualitative or quantitative changes in
behavior. When the infusion solution was switched to saline containing serotonin
at 3=B5g/min. (5-HT inj), fighting activity increased greatly. This slowly decayed
back to the pre-injection levels after the serotonin infusion was turned off (postinj). A multivariate statistical analysis identified the parameters of fighting that
were changed by the amine injection. The likelihood that the smaller, serotonintreated animal would withdraw, was significantly reduced, resulting in fights of
increased duration. No other characteristics of fighting behavior were altered.
Behavioral studies with serotonin uptake and receptor blockers are planned along
with mapping studies of the nervous system for amine neuron distribution to ask
whether amine neuron systems are similar in lobsters and crayfish. Supported by
Austrian Science Foundation P1O165-BIO and NINDS.

SEROTONIN

663.14
SOCIAL REPRODUCTIVE ROLES AFFECT CENTRAL
MONOAMINES IN FEMALE Anolis carolinensis.
Tangi R. Summers,* Amy L. Hunter, and Cliff H. Summers.
Dept. of Biology, University of South Dakota, Vermillion, SD 57069.
Groups of 5 female A. carolinensis were housed with 1 male,
but only 1 or 2 females exhibited recrudescing ovaries. These
reproductive^ dominant females were above threshold weight
(>2.7g) at the end of 1 month; subordinate females were not.
Final controls, 1 female housed with 1 male for one month, all
exhibited ovarian growth; initial controls had quiescent ovaries.
Brain monoamines and metabolites were quantified using HPLC
coupled
with
electrochemical
detection.
Reproductive^
dominant females had significantly greater telennephalin 5-HIAA,
and serotonergic turnover, as indicated by the ratio of 5-HIAA to
5-HT. Teleensphalin DOPAC as well as the DOPAC/DA ratio are
also significantly greater in dominant females compared to all
other groups. The activation of serotonergic systems in
reprcductively dominant females is similar to subordinate males.
However, DA system activation in dominant females is similar to
dominant males. Activation of serotonergic systems in females
may bs related to submissive behaviors toward the male during
competition for access to that male, whereas activation of the
dopaminergic system may bs associated with aggressive
interactions with other females.

663.16

663.15
SEROTONIN DEPLETION INCREASES IMPULSIVE BEHAVIOR IN
RATS. J.B. Richards*. L.S. Seiden. University of Chicago, Department of
Pharm/Phys Sci., Chicago, II. 60637.
Rats were required to choose between small immediate rewards and large
delayed rewards. Preference for an immediate small reward over a large
delayed reward is an operational definition of impulsivity (Logue, Behav
Brain Sci, 11, 665-709, 1988). Rats received either whole brain 5HT lesions
(LES) induced by intraventricular injection of the neurotoxin 5,7-DHT (100
ug/side, pre treatment with 30 mg/kg desipramine) (N = 8) or intraventricular
injection of vehicle (CNT)(N = 11). Previously we have found that this
treatment causes depletion of 5HT to less than 15% of control levels in all of
the areas assayed (frontal cortex, nucleus accumbens/olfactory tubercle,
striatum, septum, somatosensory cortex, amygdala, hypothalamus, and
hippocampus). Dopamine and norepinephrine levels were not affected.
Thirsty rats were given a choice between 200 ul of water presented after a
delay or a smaller amount of water presented immediately. The amount of
water available immediately was adjusted until each rat chose the small
immediate amount of water and the large delayed amount of water with equal
frequency (i.e. indifference point). We found the indifference points for
delays of 0, 2, 4, 8, and 16 seconds in LES and CNT rats. At 0 s (no delay to
the large amount) the there was no significant difference between the LES
and CNT groups. At delays of 2, 4, 8, 16 s the LES rats chose smaller
immediate amounts then the CNT rats. These results are consistent with the
hypothesis that low serotonin is associated with increased impulsivity.
(Supported by: MH-11191; RSA-10562, L. Seiden)

IMPULSIVE BEHAVIOUR IN RATS: THE EFFECTS OF DRUGS ON
RESPONSE CHOICE WITH VARYING DELAYS OF REWARD. Christine
Natasha Ryan and John Leslie Evsndsn* Dspt of Behavioural and Biochemical
Pharmacology, Astra Arcus, S-l 13 53, Sodertaljs, Sweden.
Impulsive behaviour is sssn as a clinical symptom in several psychiatric disorders,
particularly the personality disorders. To act impulsively may bs (a) to act despite
knowing ths consequences may not bs beneficial, (b) to choose between two actions
without proper consideration of ths consequences, or (c) to choose an action which
has an immediate moderate effect, rather than one which has a delayed but
potentially mors beneficial effect. In man, impulsivity has been associated with low
levels of serotonin (5-HT). Compatible with this finding, in rats, increased waiting
capacity has been associated with increased levels of 5-HT. In ths present study,
hungry rats wsrs trained in an operant chamber to choose between 1 psllst or 5
psllsts. As ths test session progressed, ths reward of 5 pellets was progressively
delayed up to a maximum of 60 seconds. Under basslins conditions ths rats
preferred five psllsts if ths delay was short, but chose 1 psllst if ths delay was long.
If, oncs ths rats wsrs trained, ths delay was not increased, they preferred 5 pellets
throughout ths session, indicating that they wsrs sensitive to delay of reward.
Treatment with 10 & 30 mg/kg citalopram or 3 & 10 mg/kg imipramine did not
affect reward choice, while treatment with 0.3 or 1.0 mg/kg amphetamine increased
prefsrsncs for ths small reward. In contrast, ths 5-HT antagonist, mstsrgolins,
enhanced selection of ths large reward. Thsss preliminary results indicate that 5HT may have a mors dynamic rols than first supposed in different types of impulse
behaviour. Prolonged training resulted in ths adoption of a rigid strategy, which
was insensitive to delay. By varying ths variations in delay, flexible behaviour
could be maintained for longer periods. Treatment with ths 5-HT 1a antagonist,
WAY 100635 (0.01,0.03, 0.1 mg/kg) or with low dosss of haloperidol (0.01 or 0.03
mg/kg) or carbemazspins (40 or 100 mg/kg) both of which ars used for the
pharmacotherapy of personality disorders, had no significant effects under thsss
circumstances.

663.17

663.18

CHARACTERIZATION OF SEROTONIN 1B RECEPTOR CONTRIBUTION TO
STARTLE AMPLITUDE AND PREPULSE INHIBITION IN WILD TYPE AND
SEROTONIN 1B MINUS MICE. S.C. Dulawa R RHen K K. Saearee3. and ALA
Geyer^ *.Spartrimenio of Neuroscience^ andPJchatry^ ,Uviversyto of Califania
San Diego, La Jolla, CA 92093. Center for NSurobiology and Behavior^, Columbia

CHARACTERIZATION OF THE DISRUPTIONS OF PREPULSE
INHIBITION AND HABITUATION OF STARTLE INDUCED BY aETHYLTRYPTAMINE. D.L. Martins/?. M.A. Gsve^’* and V. LshmannMastsn2*. Departments off Neurasniennel and Psychiatry2, University of California
San Diego, La Jolla, CA 92093-0804.
a-ethyltryptamins (AET), a monoamine oxidase inhibitor and potent
monoamine releasing agsnt, is ths first example of an indolealkylamins analog
demonstrated to substitute in MDMA-trained animals. (Glennon, 1993). Previous
studies have demonstrated that ths substituted amphetamies/sntantagse 3,4methylenedioxymethamphetamine (MDMA) and AET have similar effects on
unconditioned motor behavior in rats (Krebs and Gsyer, 1993). Furthermore, ths
locomotor activating effects of both MDMA and AET ars blocked by prstreatmsnt
with fluoxetine (Callaway and GSysr, 1990; Krebs and Gsysr, 1993), a serotonin

University, New York, NY 10032.
The present experiments explored the posable involvement of the serotonin IB
(5HT-1B) receptor in modulating two behaviors in mice: startle amplitude, and prepulse inhibition (PPI). PPI is an operational measure of sensorimotor gating, and is
defined as the percent dscrease in startle amplitude when a weak prepulse precedes a
startling pulse. In rats, the direct 5HT-1A/1B agonist RU24969 reduces both startle
amplitude and PPI. As yet, no highly specific 5HT-1A or 5HT-1B antagonists are
available to explore the individual contribution of each receptor to these behaviors. Ws
compared PPI in wild-typs I29s V and homozygous 5HT-lB-minus l29sV mice in a
startle response paradigm in which same 120 dB acoustic pulses wsrs preceded by 2,4,
or 8dB prspulsss, above a 65 dB background. A potentiation of PPI was found in 5HTlB-minus mice relative to wild types, suggesting that the 5HT-1B receptor modulates
PPI (p<.001). In addition, startle amplitude was greater in wild-type than in 5HT-IB-

minus mice In subsequent studies, mice received 0 or 10 mg/kg BW iutraperitausal
injections of RU24969. Analysis revealed a main effect on startle amplitude, with higher
startle amplitudes observed in wild-type than in 5HT-lB-minus mice. There was also a
group by drug interaction, as RU24969 reduced startle amplitude in wild-type mice, but
did not alter startle amplitude in 5HT-IB-minus mice. 5HT-lB-minus mice
demonstrated more PPI than wild-type mice at the Omg/kg BW dose (p<.001). A group
by drug interaction was observed at the 10mg/kg BW dose, with RU24969 diminishing
PPI in wild-type mice but not in 5HT- IB-minus mice. Results suggest that activation of
5HT-1B receptors is responsible for startle amplitude reduction and deficits in PPI
induced by RU24969 in mice. Further, activation of 5HT-1B receptors by endogenous

.ssotiUe may decrease PTPU
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(5-HT) uptake inhibitor, suggesting that ths two compounds may share a
prssynaptic mechanism of action. This study examined ths effects of AET using
measures of startle plasticity, specifically prspulse inhibition (PPI) and habituation.
PPI, a measure of sensorimotor gating, is reduced in rats treated with
hallucinogens, serotonin rsleasers, and dopamine agonists. In contrast, startle
habituation is reduced in rats treated with hallucinogens and serotonin rsleassrs.
AET (2.5, 5.0 and 10.0 mg/kg) decreased PPI of acoustic startle and reduced ths
habituation of tactile startle. To determine whether AET produces these effects via
prs- or post-synaptic actions, fluoxetine (2.5 and 10.0 mg/kg) was used as a
prstrsatmsnL Fluoxetine did not disrupt PPI, but did reduce startle habituation.
Fluoxetine prstreatmsnt prevented ths AET-induced disruption of PPI, and reduced
ths AET-inducsd disruption of startle habituation. Combined with previous
findings, these results confirm that ths effects of AET on startle plasticity are dus
to ths release of presynaptic 5-HT.
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663.20

DISSOCIATION OF HIPPOCAMPAL SEROTONIN RELEASE AND LOCOMOTOR ACTIVITY FOLLOWING
DRUG INJECTIONS INTO THE MEDIAN RAPHE NUCLEUS. I. Shim* and D.Wirtshafter. Dept. Psychology., Univ.
III. at Chicago, Chicago, IL 60607-7137.
In vivo microdialysis was used to investigate the role of 5-HT
in mediating the locomotor hyperactivity produced by injections
of 8-OHDPAT, muscimol and baclofen into the median raphe
nucleus (MR).
Intra-MR injections of muscimol produced a pronounced
increase in locomotor activity and a concomitant decrease in
hippocampal 5-HT release to 58% of baseline during the first
hour post injection. 8-OHDPAT resulted in a much smaller effect
on activity which was accompanied by a remarkable reduction of
hippocampal 5-HT output to 49.1 % of baseline. In addition, even
though intra-MR injections of baclofen resulted in marked activity, the maximal magnitude of which was similar to that produced
by muscimol, these injections were without effect on extracellular 5-HT release in the hippocampus. No injections altered 5HIAA release.
These findings demonstrate that the effects of intra-MR injections of these drugs on activity and hippocampal 5-HT release
can be clearly dissociated, and strongly suggest both that serotonin does not play an essential role in the production of the hyperactivity by muscimol or baclofen, and that the hyperactivity
produced by intra-MR injections of different drugs is mediated
through at least partially distinct cell populations within the MR.

5-HTb BUT NOT P-ADRENERGIC, ANTAGONISM, REDUCES THE EFFECTS OF A
5-HT2 AGONIST K.M. Krebs* and M.A. Geyer Dept. of Psychiatry, UCSD, La Jolla,
CA 92093-0804.
The existence of functional interactions between serotonin (5-HT) 1A and 2 receptors
has been suggested. For example, chronic pretreatments with the 5-HT1A agonist 8-OHDPAT produced cross-tolerance to the effects of the selective 5-HT2 agonist DOI on rat
locomotor activity. The current experiments tested this putative interaction using the
Behavioral Pattern Monitor (BPM), which measures amounts and patterns of locomotor
and investigatory behavior. In a series of studies, male rats (n=10-11) received
pretreatments of either vehicle or one of the nonselective 5-HTj and P-adrenergic
antagonists, propranolol (10 mg/kg SC) or (+/-)pindolol (20 mg/kg SC) before receiving
treatments of either saline or 1.0 mg/kg DOI (SC). Acutely, DOI reduced measures of
locomotor activity. Both propranolol and pindolol pretreatment blocked the attenuation of
locomotor activity produced by DOI. Thus, antagonism of eiHer 5-HT^, 5-HTjg, or Padrenergic receptors, produced by propranolol and pindolol, decreases the expression of
DOI-induced behavior. Because 5-HTjb agonists increase locomotion, it is unlikely that
the 5-HTjb antagonist effects of propranolol or pindolol were responsible. To assess the
relevance of P-adrenergic receptors to the effect of DOI, the selective P-adrenergic
antagonist betaxolol was used as a pretreatment. Rats (n=10) received either saline or
betaxolol (10 mg/kg SC) before treatments with saline or DOI (1.0 mg/kg SC). DOI again
reduced locomotion, but this effect was insensitive to betaxolol, indicating that Padrenergic antagonism was not responsible for the ability of pindolol and propranolol to
block the effects of DOI. Thus, it is likely that propranolol and pindolol attenuated the
effects of DOI on locomotor activity through 5-HTja antagonism. As DOI is reputed to be
a selective 5-HT2 agonist, this antagonism may reflect a functional interaction between 5HTjA and 5-HT2 receptors in the expression of the effects of DOI on locomotor activity.

663.21
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Spector*. F. Sulser. Vanderbilt Univ., Sch. of Med., Nashville, TN
37232.

Fluoxetine and other selective serotonin reuptake inhibitors

(SSRIs) are being prescribed extensively for a broad range of
psychopathologies, including depression, obsessive-compulsive

disorder, and post-traumatic stress disorder.

knowledge

that

SSRIs

increase the

Yet aside from the

synaptic

availability of

serotonin, little is known about the mechanism(s) of their actions

in the CNS. We are therefore studying the effects of fluoxetine on

the steady-state mRNA levels of genes putatively involved in the
modulation of cognitive/emotional states. In this experiment we
focused on the preproenkephalin (PPE) gene, which encodes two
opiate peptides i.e., met- and leu-enkephalin.
Male Sprague

Dawley rats (250-300 g) were treated with fluoxetine (10 mg/kg,
i.p.) or normal saline for 10 days. Total RNA was prepared from

frozen tissues by the method of Chomczynski, and PPE mRNA

levels were determined by quantitative slot blot or Northern blot
analysis.

The cDNA probe contained the entire rat PPE coding

region. Chronic fluoxetine treatment induced a 2-fold increase in

PPE mRNA in the amygdala and a 1.7- to 2-fold increase in the
striatum versus saline treated controls.

This is the first report

implicating fluoxetine (and possibly serotonin) in the regulation of

5-HT1A AND OPIOID RECEPTORS HAVE DIFFERENT ROLES
IN THE INHIBITION OF VOMITING. J.B. Lucot*.
Dept.
Pharmacology, Wright State Univ., Dayton, OH 45435
The 5-HT1A receptors inhibitory to vomiting are
postsynaptic, implying a physiologically relevant role in
preventing vomiting. Endogenous opioids have been implicated
in both eliciting and inhibiting vomiting. Antagonists were used
to evaluate the role of these receptors in the regulation of
vomiting elicited by motion in cats.
The dose of 1.0 mg/kg of the prototype 5-HT a antagonist
LY 297996 completely reversed the antiemetic effect of the
agonists 8-OH-DPAT, flesinoxan and LY 301317. Given alone,
it had no effect on the number vomiting, the latency to the first
retch, the duration of a bout of retch/vomits or the number of
multiple bouts of retch/vomits. The highest dose of naloxone
tested, 0.1 mg/kg (1/100th the emetic dose) did not alter the
latency to the first retch but did increase the incidence and the
number with multiple bouts and significantly increased the
duration of the first bout of retch/vomits. These results suggest
that stimulation of 5-HTM receptors decreases the probability of
vomiting while endogenous opioids end a vomiting sequence
and produce a relatively refractory period.

an opiate mRNA in vivo. (USPHS grant MH-29228).

663.23
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SEROTONERGIC MODULATION OF AVIAN COMPULSIVE
pecking
. JJ. .Gaodmap-TED, Pkosnik. LJ. Beeler & CF Gaskill
Dept. of Psychology, West Virginia Univ., Morgantown, WV 26506.
Compulsive pecking is a stereotyped, species-specific behavior that
may be induced in birds by a variety of stimuli. DAergic mechanisms
of this behavior have been previously established in pigeons. Compulsive behaviors in mammals have also implicated serotonin, as in
humans (e.g., in OCD patients) where a serotonin reuptake inhibitor
(e.g., clomipramine (CLO) reduces compulsive behavior. The present
study assessed and compared acute and chronic effects of CLO on
apomorphine (APO) induced pecking (AIP) and restricted feeding
induced pecking (FIP) in Columba livia..
Under FIP conditions, acute testing of pre-feeding injection of CLO
demonstrated a negative dose (5-15 mg/kg, ip)-FIP response relationship, the higher the CLO dose the greater the FIP suppression compared
to saline injection. TFMPP (2 mg/kg, ip), another 5-HT agonist, also
acutely reduced FIP. Chronic CLO injections (21 days, 15 mg/kg/day),
aside from a first day effect, did not produce a sustained reduction in
FIP until day 19. Reduced FIP was often accompanied by marked
pacing. Seven days of saline were required for recovery to elevated prechronic CLO FIP. Under AIP testing, a first day reduction in pecking
occurred with CLO but acute TFMPP produced no change from APO
alone. Chronic CLO (24 days), unlike in FIP, did not alter AIP scores.
Differential results from such assessments may provide useful insight
into interactive mechanisms of DA and 5-HT systems in stereotypy.

SEROTONIN INNERVATION OF DOPAMINE NEURONS IN RAT
VENTRAL TEGMENTUM. C.F. Phelix1 M.J. Russell! P. Kumar*1 P.A.
Broderick2 1 - Div. Life Sci., Univ. Texas, San Antonio, TX 78249-0662;
2 - Dept. Pharm., CUNY Medical School, New York, NY 10031
There are two sights of presynaptic interaction proposed for serotonin (5HT)
to affect tegmental dopamine (DA) neurons, i.e., proximal and distal. One
sight of distal interaction is at the convergence of their terminals, e.g., nucleus
accumbens (NAcc; Phelix and Broderick, Brain Res. Bull. 37:37-40, 1995).
Our present objective was to determine the degree of overlap between 5HT
axons and DA somatodendrites in the ventral tegmental area (VTA) and
substantia nigra, the proximal sights. In addition, tract tracing studies were
performed to identify mesoaccumbens DA neurons innervated by 5HT axons.
The first part of this study utilized a double label light microscopic
immunocytochemical procedure to stain for 5HT first with silverdiaminobenzidine (DAB) and second for tyrosine hydroxylase (TH) with DAB
alone. With this approach 5HT axons were seen to inundate DA neurons
forming axodendritic and axosomatic contacts. These contacts extended from
DA neuron populations in the midline VTA to the dorsolateral substantia nigra
pars compacta. The second part of this study included retrograde transport of
horse radish peroxidase from the ventrolateral NAcc to the VTA before staining
with 5HT, that is both were visualized with silver intensified DAB. Then TH
was visualized with DAB. Most mesoaccumbens DA neurons received
axodendritic and axosomatic 5HT innervation. These results show the
pervasive character of the presynaptic influence of 5HT on DA neurons within
reward and motor circuits. Supported by HHMI and HL02914-01 to CFP.
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CORTICOSTERONE
DETERMINES
SPECIFIC
5-IITu
RECEPTORMEDIATED RESPONSES IN A WATER MAZE LEARNING TASK.

O.C. Meijer*. R. Kortekaas, M.S. Oitzl and E.R. de Kloet. Div. of Medical
Pharmacology, LACDR, P.O.B. 9503, 2300 RA Leiden, The Netherlands

We have tested the effects of the specific 5-HT,. receptor agonist 8-OHDPAT in animals with different plasma levels of corticosterone (B) in the free
swim trial of the Morris water maze. Sham operated male Wistar rats with
normal circadian rhythmicity were compared to rats with defined exogenous
levels of B. Rats were adrenalectomized and implanted with a 20%
corticosterone pellet, to obtain constant low levels of circulating B. One week
after surgery the animals were trained for 4 days to find a submerged platform
in a poor On the 5th day the platform was removed and the behaviour of the
animals was monitored during a 1-minute swim session. 90 Min before this free
swim trial an s.c. injection of 1 mg/kg B (High B) or vehicle (Low B) was given;
30 min before the trial 0 or 100 ^g/kg 8-OH-DPAT was injected i.p.
8-OH-DPAT had a stimulatory effect on the distance swum by the animals of
all 3 groups. There were no effects of 8-OH-DPAT on initial memory retrieval,
measured as the distance swum upto the first crossing of the previous platform
location. As a measure for search strategy in the free swim trial the number of
crossings of the previous platform location was used. Rats with high B, but no
8-OH-DPAT had significantly more crossings than sham or Low B rats. In
response to 8-OH-DPAT, both sham and High B rats showed a decrease in the
number of crossings. Low B rats were completely unresponsive to the effect
of 8-OH-DPAT on this parameter.

These results show two different effects of B on the behaviour of rats in the
free swim trial of the Morris water maze: 1) High B per se increases use of the
knowledge of the previous platform location compared to sham and Low B
rats. 2) The 5-HT,. receptor-mediated response to 8-OH-DPAT in the
hippocampus is blocked by low levels of B; high levels of B can override this
effect. This last point provides a striking parallel between the hormonal
dependency of the activity of single CA1 neurons and a parameter in a spatial
memory task in response to 5-HT,a receptor stimulation by 8-OH-DPAT.

NEUROPEPTIDES AND BEHAVIOR II
664.1

664.2

DIFFERENTIAL REGULATION OF VASOPRESSIN
RECEPTORS IN THE HYPOTHALAMUS OF GOLDEN
HAMSTERS. Y. Delville* and C.F. Ferris. Behavioral
Neuroscience Program, Psychiatry Dept., Univ. of Mass. Med.
Ctr., 55 Lake Ave. N., Worcester, MA 01655.
In female golden hamsters, ovariectomy results in a loss of
vasopressin (AVP) binding from the ventrolateral hypothalamus
(VLH). It is likely that periods of the reproductive cycle
associated with low plasma levels of gonadal steroids, such as
lactation, coincide with low density of AVP receptor binding
within the VLH. This possibility was tested by comparing the
density of AVP receptor binding in the VLH of lactating and
cycling females. As predicted, lactation was associated with a
total loss of AVP receptor binding from the VLH. Interestingly,
lactation was also associated with a dramatic increase in AVP
receptor binding density within another hypothalamic site, the
dorsomedial nucleus (DMN). Our data support the hypothesis
AVP receptor binding within the VLH is dependent upon gonadal
steroids. In contrast, AVP receptor binding within the DMN may
be responsive to other neurobiological changes associated with
lactation. The function of increased AVP receptor binding within
the DMN during lactation is currently being tested in the context
of behavioral modifications associated with lactation. (Supported
by NSF BNS-9121097 awarded to C.F.F.)

BEHAVIORAL AND NEUROBIOLOGICAL CONSEQUENCES
OF ADOLESCENT ABUSE IN GOLDEN HAMSTERS. C.F.
Ferris*, R.H, Mellpni, M.A, Abbott and. Y.D-glvillg. Behavioral
Neuroscience Program, Psychiatry Dept., Univ. Mass Med. Ctr., 55
Lake Ave N., Worcester, MA 01655.
Physical and emotional abuse in human adolescence is associated
with changes in context dependent aggression. We hypothesize
that environmental and emotional insult during this developmental
period have behavioral and neurobiological consequences into
adulthood. In golden hamsters, a similar period to adolescence can
be identified in sub adult animals. Between postnatal days P28P42, sub-adult hamsters were subjected to daily attacks and threats
by aggressive adults for 30 min. periods. Following the cessation
of abuse, animals were tested for context-dependent aggression as
young adults on P45 in a resident/intruder model. When exposed
to younger and smaller males placed into their home cage, abused
animals were significantly more aggressive than controls.
However, when confronted by animals of equal age and size,
abused hamsters were submissive. Since vasopressin and serotonin
are involved in the control of aggression, brains are being analyzed
for changes in these neurotransmitters. (Supported by NSF BNS9121097)

664.3

664.4

VASOPRESSIN/SEROTONIN INTERACTIONS IN THE ANTERIOR
HYPOTHALAMUS CONTROL AGGRESSIVE BEHAVIOR IN
GOLDEN HAMSTERS. R.H. Melloni. Jr.*. Y, Delville. and C.F.
Ferris. Behavioral Neuroscience Program, Psychiatry Dept., University
of Massachusetts Medical Center, Worcester, MA 01655
This study examines the specific anatomic and pharmacologic nature
of the AVP/5-HT neural systems in the anterior hypothalamus (AH) of
golden hamsters, their involvement in the control of aggressive behavior,
and their interactions with fluoxetine, a 5-HT uptake inhibitor shown to
decrease aggressive behavior in many species. We hypothesized that
AVP facilitates aggression by enhancing the activity of AH neural
network controlling offensive aggression that is normally restrained by
5-HT. To test this hypothesis, we first employed receptor binding and
immunohistochemistry to examine whether AVP and 5-HT and their
receptors were colocalized in the AH. These studies showed high density
of both AVP and 5-HT receptor binding in this brain region and revealed
the presence of putative 5-Ht synapses on AVP neurons in particular
regions of the AH. Next, we tested whether AVP microinjections in the
AH could stimulate offensive aggression, and if this behavior could be
selectively inhibited by 5-HT or fluoxetine. AVP microinjection in the
AH resulted in a marked increase in offensive aggression that could be
blocked by the co-injection of 5-HT or the peripheral administration of
fluoxetine. Finally, in vivo microdialysis was used to measure directly
AVP and 5-HT levels in the AH following fluoxetine treatment.
Fluoxetine treatment caused an approximate 4-fold increase in 5-HT
levels in the AH, and a coincident with a 3-fold decrease in AVP levels.
In summary, we provide anatomical, behavioral and pharmacological
evidence supporting a functional relationship between the AVP/5-HT
neural systems in the AH and the control offensive aggression.
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IBOTENIC LESIONS OF CENTRAL AMYGDALA INHIBITS
VASOPRESSIN-INDUCED FLANK MARKING. M. Bamshad* and

H.E. Albers. Lab. Neuroendocrinol & Behav., Depts. Biol. &

Psychol., Georgia State Univ., Atlanta, GA 30303.
Syrian hamsters communicate social information by a form of

scent marking called flank marking. Flank marking can be
stimulated by microinjection of arginine vasopressin (AVP) into

either the medial preoptic-anterior hypothalamus continuum

(MPOA-AH), the lateral septum-bed nucleus of stria terminalis

(LS-BNST) or the periaqueductal gray (PAG). Previously, we
reported increases in Fos-like immunoreactivity in the BNST, PAG

and central amygdala (Ce) of hamsters microinjected with AVP
into the MPOA-AH. To investigate whether the Ce is involved in

AVP-induced flank marking the Ce of hamsters was lesioned with
ibotenic acid. Hamsters were injected bilaterally with either saline
or ibotenic acid in the Ce and then implanted with a guide

cannula aimed at the MPOA-AH. A week later, hamsters were
microinjected with AVP into the MPOA-AH and tested for flank

marking. The frequency of flank marking was significantly
reduced in hamsters with Ce lesions (p<0.05). The ibotenic acid

injected animals flank marked 4.8 ±3.60 during the 10 min. test
whereas the saline injected animals marked 36.6 ± 11.37. These
data suggest that signals from the MPOA-AH to the Ce are

important for flank marking and that Ce is yet another component
of the neural circuit that regulates AVP-induced flank marking.
(Supported by NSF IBN 9222099).
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FLANK MARKING STIMULATED BY VASOPRESSIN (AVP)
INJECTED INTO THE MEDIAL PREOPTIC AREA-ANTERIOR
HYPOTHALAMUS (MPOA-AH) IS INHIBITED BY AVP AND NMDA
ANTAGONISTS INJECTED INTO THE PERIAQUEDUCTAL GRAY
(PAG). T.T.Cooper*. M. Bamshad. and H.E. Albers. Laboratory of

FOS-LIKE IMMUNOREACTIVITY ASSOCIATED WITH MATINGINDUCED AGGRESSION IN MALE PRAIRIE VOLES (MICROTUS
OCHROGASTER). T.J. Hulihan, Z.X. Wang* and T.R. Insel. Department
of Psychiatry and Behav. Sci., Emory Univ., Atlanta, GA 30322, USA
We have been studying monogamous prairie voles (Microtus
ochrogaster) to investigate the neural substrates of pair bonding. After
mating, male prairie voles develop a pair bond with selective affiliation
and aggression. Selective aggression is defined as attack of a novel
conspecific while defending the mate. This behavior is associated with
monogamy (non-monogamous voles do not show selective aggression)
and appears to be induced by mating (cohabitation with a female does
not induce aggression). In this study, we examined regional brain Fos
induction associated with selective aggression. In Experiment 1, male
prairie voles that mated with a female for 24 hrs (MT) showed aggression
in a resident-intruder test (RI; Winslow et al., 1993), as well as increased
Fos-like immunoreactivity (Fos-ir) in the lateral septum (LS), the bed
nucleus of the stria terminalis (BST), medial amygdaloid nucleus (MA),
and the ventromedial hypothalamus (VMH), in comparison to the mated
voles without RI test. In Experiment 2, MT males showed more
aggression than the males that cohabited with a female for 24 hrs without
mating (CH) or that had no exposure to a female (NF). MT males also
had increased Fos-ir staining in the accessory olfactory bulb (AOB),
dorsomedial hypothalamus (DMH), and MA than CH and NF males, and
the males that had neither exposure to a female nor RI test (control). In
addition, MT and CH males had increased Fos-ir staining in the LS and
BST than NF and control males. In Experiment 3, MT males showed
more aggression and Fos-ir staining when tested by a male intruder than
by a female intruder or a female partner. These data indicate distinct
brain areas that may be involved in the induction or regulation of
mating-induced selective aggression in male prairie voles.

664.7

664.8

Enkephalinergic Immunoreactivity is Distributed throughout the
Social Behavior Pathways of the Male Syrian Hamster Brain. A. G.
Holt* and S. W. Newman. Neuroscience Program and Department of Anatomy and
Ceil Biology, University of Michigan, Ann Arbor, MI 48109-0616
The objectives of this study were (1) to determine whether methionine
enkephalin (met-E) and/or leucine enkephalin (leu-E) are distributed within neural
pathways implicated in mating and aggression in the male Syrian Hamster and (2) to
compare and contrast the distribution of met-E and leu-E immunoreactivity (ir).
Twenty-two behaviorally naive male hamsters received 50-360pg of colchicine, a
compound which disrupts axonal transport, administered intracerebroventricularly
under anesthesia 48 hours prior to perfusion. Hamsters were perfused transcardially
with 4% paraformaldehyde and 40pm brain sections were processed for met-E or leuE ir using one of several polyclonal antibodies, rabbit anti-met-E or anti-Leu-E
antibody from Incstar Inc., or one of several rabbit anti-met-E antibodies from Dr.
S.J. Watson, at a dilution of 1:1000. The ABC method (Vectastain Elite) was
utilized with NiCl enhanced DAB. To determine the specificity of the primary
antibodies, preabsorption and cross-reactivity studies were done with met-E, leu-E and
other peptides. The olfactory bulbs (OB), preoptic area, and bed nucleus of the stria
terminalis (BNST), regions that play a role in copulatory behavior, contained both
met-E and leu-E ir as did regions implicated in aggressive behavior, including the
central amygdaloid nucleus, paraventricular nucleus of the hypothalamus, arcuate
nucleus, periaqueductal gray, and ventromedial nucleus of the hypothalamus. The
distribution pattern of met-E and leu-E ir differed from that of dynorphin and beta
endorphin reported previously. The results of the preabsorption and cross-reactivity
control studies suggested that the specificity of the leu-E antibody was less than that
of the met-E antibodies. The distribution of met-E and leu-E ir overlapped in all
areas studied with the exception of the OB and BNST, where only met-E or Leu-E ir,
respectively, was found. The quality and amount of immunostaining was greater
with the met-E antibodies than with the leu-E antibody. (Supported by NIH,

BEHAVIORAL EFFECTS OF INTRACEREBROVENTRICULAR INJECTION
OF SELECTIVE TACHYKININ AGONISTS AND ANTAGONISTS. T.C.M. de
Lima*, R.M. Teixeira, A.R.S. Santos, G.A. Rae and J.B. Calixto. Depto. de

Neuroendocrinology and Behavior, Depts. of Biology & Psychology, Georgia
State University, Atlanta, GA 30303
The MPOA-AH and PAG are components of the neural circuit controlling
flank marking in Syrian hamsters. Microinjection of AVP into the MPOAAH or PAG elicits high levels of flank marking and microinjection of AVP
combined with a NMDA antagonist into the MPOA-AH inhibits flank
marking. The purpose of the present study was to examine the effects of an
AVP antagonist (AVP-A) and a Glu antagonist (AP5) microinjected into the
PAG on flank marking stimulated by AVP microinjection into the MPOAAH. Hamsters (n = 8) were injected with either AVP-A (l.0mM), AP5
(l.OmM), metergoline (5-HTa, l0.0pM), or saline into the PAG followed by
microinjection of AVP (9.0pM) into the MPOA-AH (counterbalanced across
test days). Hamsters exhibited high levels of flank marking following
injection of saline (27.38+4.82) or 5-HTa (19.63 + 5.20) into the PAG, but
exhibited significantly (p< .01) lower levels of flank marking when either
AVPA (6.75 + 6.06) or AP5 (6.88+2.89) was injected into the PAG. These
data indicate that activation of both AVP and NMDA receptors in the PAG
are important for eliciting flank marking following microinjection of AVP
into the MPOA-AH.
(Supported by NSF IBN-9222099)

GM13553 and NS20629)

Farmacologia, CCB, UFSC, Floriandpolis, SC, 88040-900, Brazil.
Tachykinins promote several biological effects by activation of
NK„ NK2and NK, receptors (Maggi etal., 1993, J.Auton.Pharmacol. 13:2393). Stimulation of NK, and NK2 receptors induces an anxiolytic behavior
in the mouse light-dark box (Zernig et al., 1992, Neurosci.Lett. 143:169172; Stratton et al., Eur.J.Pharmacol. 250:R11-R12). In the present study
mice were injected (5 pl) intracerebroventricularly with 0.1, 1, 10, 100 or
500 pmol of substance P (SP), SP methyl ester (SPME), [ft-Ala8] neurokinin

A4.1 (ftALA), senktide (SENK), NK,, NK2 and NK, receptor agonists,
respectively; FK888 (FK) or SR48968 (SR), NK, and NK receptor
antagonists, or vehicle (PBS). Immediately after drug injection they were
placed in an open-field for habituation. After 5 min they were tested on an
elevated plus-maze (EPM) for an additional 5 min session. SP did not
modify any of EPM parameters, but SPME caused a reduction in frequency
of open arm (OAE) and a decrease in enclosed arm (EAE) entries (p<0.05).
BALA just increased EAE in the highest dose, while SENK enhanced OAE
and percent open arm time (OAT; p<0.05). FK increased OAT and SR
enhanced OAE and OAT (P<0.05). None of these compounds changed
percent enclosed arm time or motor coordination in a rota rod test. These
results suggest thattachykinins play a modulator role in anxiety evaluated
on EPM test in mice : NK, and NK2 receptors activation inducing an
anxiogenic whereas NK, stimulation producing an anxiolytic action.
Supported by CAPES and CNPq.

664.9

664.10

TREATMENT WITH SUBSTANCE P IN AN ANIMAL MODEL OF HEMIPARKINSONISM: INDICES FOR PROTECTIVE AND RECOVERYPROMOTING EFFECTS
R.K.W. Schwarting*, S. Nikolaus. C. Thiel. B. Korber. J. Fomaguera. and J.P.
Huston. Institute of Physiological Psychology I, University of Dusseldorf,
Universitatsstr. 1, 40225 Dusseldorf, FRG
The neuropeptide substance P (SP) is known to act as a neurotransmitter or neuromodulator in various parts of the nervous system. Apart from its enhancing effects on
reinforcement and memory, found after central and peripheral administration, there is
evidence that SP can also have neurotrophic effects. Since SP is anatomically and
functionally related with the nigrostriatal dopamine (DA) system, such neurotrophic
effects of SP may play a role in cases of experimental damage of DA neurons, and in
relevant neurodegenerative disorders, especially in Parkinson’s disease. Thus, in a
previous experiment (Mattioli et al., Neuroscience 48’92, 595-605), we administered
SP daily (5O^*g/kg, ip) starting with the day after unilateral 6-OHDA injection into the
rat substantia nigra and found that such post-lesion treatment with SP not only
promoted recovery from the lesion-dependent deficit in thigmotactic scanning, but also
prevented the ipsiversive asymmetry in turning in animals with subtotal depletions of
neostriatal DA. These results indicated that SP might have acted also in a protective
way. Thus, a subsequent experiment was conducted where rats received the unilateral
6-OHDA injection after 1 week of daily treatment with SP (50pg/kg, ip). An
additional group was treated with cholecystokinin (CCK, lpg/kg, ip), another
neuropeptide also closely associated to DA in the forebrain. The analysis of behavioral
asymmetries during 2 weeks after 6-OHDA injection showed that animals with prelesion SP treatment showed less behavioral asymmetry than vehicle- or non-treated
controls, whereas the asymmetries were even stronger in CCK-treated animals. Thus,
these results strengthen our hypothesis that SP can act in a protective way.

BEHAVIORAL EFFECT OF THE NK 2 ANTAGONIST SR 48968
BUT NOT OF THE NK 1 ANTAGONIST SR 140333 IN THE
MOUSE BLACK AND WHITE BOX MODEL. G. Bematzkv*. A. Saria
‘Central Animal Facility, Univ. of Salzburg, Austria; Neurochemical
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Laboratory, Univ. of Innsbruck,. Austria
Previous reports have suggested the envolvement of neurokinin (NK)
receptors in anxiety as tested in the black and white box (BWB) behavioral
paradigm. We studied the new antagonists of NK1, SR 140333 and of NK 2,
SR 48968 in the BWB. Swiss albino mice were kept in groups of 10 - 12
mice under conventional housing conditions and controlled reversed
lighting. Diazepam, SR 140333 and SR 48968 or vehicle were injected
ip3O min (10 ml/kg) before testing in the BWB. The experimenter was blind
to the treatment until after the evaluation of the videotapes. Briefly, mice
were placed in the center of the brightly lit (60 W white light) compartment of
a two-compartment high-walled open-topped box. Like diazepam, the NK 2
antagonist SR 48968 increased time in the white, crossings in the white and
rearings in the white, suggesting an anxiolytic effect. The NK 1 antagonist
SR 140333 did not change the time spent in the light or dark compartment.
The observed increase of crossings in the white and rearings in the white as
well as the increase of the same behavioral parameter in the dark
compartment, suggest higher activity of these animals compared with the
solvent controls. However since also the number of transitions was higher
than in the controls and comparable with different solvent groups we
believe that such differences may result from normal variations in basic
activity of this strain of mice. It is concluded that blockade of NK 2 receptors
in mouse brain leads to an effect comparable with that of anxiolytic drugs. No
NK 1 specific behavioral effect could be detected in the black and white box
paradigm.
(This study was supported by the Mundipharma Company.)
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Neuropeptide Y (NPY) and D-Trp32-NPY increase monoaminergic
neurotransmission in rat hypothalamic dialysates during feeding
behavior. F. F. Matos*, V. Guss and C. Urban. CNS Drug Discovery, Bristol-

Myers Squibb Pharmaceutical Research Institute, 5 Research Parkway, Wallingford
CT, USA
Administration of NPY into the hypothalamus or ventricles induces marked
increases in food consumption in satiated rats. It has been suggested that the brain
monoamines are involved in NPY-induced feeding. This study investigated the effects
of NPY and the proposed NPY antagonist, D-Trp32.NPY, on extracellular
norepinephrine (NE), dopamine (DA), serotonin (5-h T), and metabolites 5-HIAA,
DOPAC and HVA in the rat hypothalamus. Microdialysis probes were implanted in
the vicinity of the periventricular hypothalamic nuclei (PVN) and a guide cannula in
the lateral ventricle for intracerebroventricular (icv) administration of NPY and DTrp32-NPY. Dialysate levels of NE, DA, 5-HT, 5-HIAA, DOPAC and HVA were
determined by HPLC-ECD. Feeding behavior was measured for 2 hours while
animals were continuously dialyzed. NPY (20 pg, icv) significantly increased
extracellular levels of NE (1.5 fold), DA (2.5 fold), DOPAC (1.5 fold) and HVA (3
fold), but did not change 5-HT or 5-HIAA levels. While NPY increased
neurotransmitters and metabolites, food intake increased to 3.5±0.3 g (n=26). Food
intake in control animals was 0.13±0.05 g (n=22). The putative NPY antagonist, DTrp32jNPY (40 pg, icv) produced similar increases in extracellular levels of NE (1.7

fold), DA (2.5 fold), DOPAC (3.5 fold) and HVA (2 fold) as NPY but did not change
5-HT or 5-HIAA levels. D-Trp32_NPY also significantly increased food intake to
l.8±0.4 g (n=10). Administration of D-Trp32 NPY (40 pg, icv) 5 min before NPY
did not significantly change the increases in NE and DA produced by NPY alone. In
contrast, D-Trp32jNPY attenuated the later increase in DOPAC and HVA induced by

664.12
THE ROLE OF ANGIOTENSIN II IN THE MOTIVATIONAL AND
PREFERENTIAL FACTORS OF DRINKING. L. StubleyWeatherlv*. J.N. Weatherly, and J.W. Wright. Dept, of Psychology,
Washington State University, Pullman, WA 99164-4820
While it is well established that an intracerebroventricular (icv)
infusion of Angiotensin II (Angll) induces a drinking response in an
organism, the functional motivation underlying this drinking is
unknown. The present study examined an animal’s preference for
drinking different liquids (H2O vereus a 16% sucrose solioion) over
a 24 hour, period following an infusion of either Angll or aCSF. Male
Sprague-Dawley rats were implanted with an icv cannula through
which Angll (100 pmol in 2 ul aCSF) or aCSF was delivered. After
an infusion, an animal’s fluid intake of either ^O, 16% ^O/sucrose

solution, or H2O and 16% ^O/sucrose solution was measured.

Thus, factors involved in Angll-induced drinking, such as whether
drinking was motivated by a biological need for a fluid or whether
fluid preference controlled fluid intake, could be assessed.
Furthermore, monitoring drinking over a 24 hour period allowed for the
assessment of any interaction between these variables. Preliminary
data suggests that an interaction exists between total fluid intake
and fluid preference. Although Angll infusions mediate simple
generalized drinking responses, it also appears that other
motivational factors still exert control over an animal's drinking
behavior.

NPY. In these animals, food intake increased to 3.7±1.2 g (n=7). These data indicate
that activation of the hypothalamic monoaminergic system is involved in NPYinduced feeding and that D-Trp32jNPY is a partial agonist at NPY receptors.

664.13

664.14

DEVAZEPIDE, A CCKA RECEPTOR ANTAGONIST, BLOCKS THE
ACQUISITION OF CONDITIONED REWARD. F.J. Vaccarino 1 P. Li1*
V.P. Franco and S.A. Josselvn. Dept. of Psychology and Psychiatry1, University
of Toronto, Toronto, Canada M5S 1A1.
Cholecystokinin (CCK) is co-localized with dopamine (DA) in portions of the
mesolimbic system, where it may facilitate the function of DA through the CCKa
receptor subtype. DA has been implicated in the acquisition of conditioned reward
(CR), raising the possibility of a role for endogenous CCK in this process. Exp.
1 examined the effects of systemic administration of the CCKa receptor selective
antagonist, devazepide (0, 0.001, 0.01, 0.1 mg/kg, ip) on the acquisition of CR.
Two novel levers were presented to drug-free animals in a test session; depression
of the CR lever produced a light-tone stimulus previously paired with food delivery
while depression of the non-CR lever produced no programmed consequence.
Animals receiving vehicle treatments prior to the food-CS conditioned sessions
responded more frequently on the CR lever during the test session. However, pretreatment with devazepide (0.1 but not 0, 0.001, 0.01 mg/kg) in the conditioning
sessions blocked the acquisition of CR. The possibilities that devazepide (0.1
mg/kg) impaired the development of CR by decreasing the amount of food
consumed or by inducing a conditioned taste aversion to the food were ruled out in
Exps. 2 and 3. Together, these results suggest that intact CCKa function may be
necessary for the development of CR.

INTRA-AMYGDALA INFUSION OF PENTAGASTRIN, A CCKb
AGONIST, PRODUCES A FACILITATION OF THE ACOUSTIC
STARTLE REFLEX. S. A. JossetYn,. P. W. Frankland, F. J.
Vaccarino. and J. S. Yeomans. Dept of Psychology, University of
Toronto, Toronto, Canada M5S 1A1.
The startle reflex is enhanced by both conditioned and unconditioned
“fear”. The amygdala appears to play a critical role in the mediation of
these effects since lesions of various amygdala nuclei abolish increased
startle responding, while electrical stimulation of the amygdala and its
output pathways increase startle amplitudes (e . g., Davis, 1992). Several
lines of evidence suggest that activation of cholecystokininB (CCKb )
receptors produces anxiety and panic in laboratory animals and humans.
CCK is found in the basolateral nucleus of the amygdala. Systemic
administration of CCK-4 or pentagastrin, which are selective for the CCKB
receptor, increases anxiety-like behaviors measured in a number of different
behavioral paradigms. Here we test whether the central infusion of CCK,
either intracerebroventricularly (icv) or into the amygdala, increases startle
amplitudes. Following icv infusion of the CCKb agonist pentagastrin (0,
1.0, 10.0 nM in 5.0 pl), we recorded startle amplitudes for a period of 2
hours. No increases in startle amplitudes occurred over this period
compared to pre-infusion baseline levels.
In contrast, infusion of
pentagastrin into the amygdala (0, 0.01, 0.1, 10, 10.0 nM in 0.5 pl)
produced large increases in startle amplitudes at the three highest doses
compared to pre-infusion baselines. These increases occurred 5-10 minutes
following the drug infusion, and persisted for the remainder of the 30minute test.

664.15

664.16

THE EFFECT OF CORTICOTROPIN RELEASING HORMONE ON
THE ACOUSTIC STARTLE REFLEX. S.G. Bimbaum. M.S. Lidow*
and M. Davis. Dept. of Psychiatry and Section of NeurobiotogY*, Yale
Univ. Sch. Med., New Haven, CT 06508
Stimulation and lesion studies have implicated the amygdala in
modulation of the acoustic startle reflex. The amygdala projects directly
to the nucleus reticularis pontis caudalis (PnC), an obligatory synapse in
the acoustic startle pathway, and contains a high level of corticotropin
releasing hormone (CRH) neurons. The present study evaluated the
effect of local infusion of CRH into the PnC on startle amplitude.
Eighteen rats were implanted with a cannula unilaterally in the PnC.
One week following surgery all rats received a 5-min acclimation period
followed by 60 startle stimuli (105-dB bursts of white noise, 50-msec
duration, 30-sec interstimulus interval) to establish a stable baseline.
They were then removed from the startle chamber and infused with
artificial cerebral spinal fluid (ACSF) or CRH (10, 20, and 40 ng)
according to a Latin square design. They were immediately replaced
into the startle chambers and tested with 120 startle stimuli. Testing
occurred every other day until each rat had received all doses. Two
days following the last test session, all animals received the same testing
procedure with either ACSF or a 80-ng CRH dose in a cross-over
design.
CRH produced a dose-dependent increase in the startle amplitude
which was significant at all doses. This effect began immediately after
infusion and peaked at approximately 25 min. The facilitation of startle
amplitude persisted for the 60-min test session. These results suggest
that modulation of startle amplitude may occur by CRH release at the
level of the PnC, perhaps following activation of the amygdala.

ROLE OF THE BED NUCLEUS OF THE STRIA TERMINALS AND THE
AMYGDALA IN THE EXCITATORY EFFECT OF CRH ON THE ACOUSTIC
STARTLE REFLEX. Y. Lee* and M. Davis. Dept. of Psychiatry, Yale Univ.
Sch. of Med., New Haven, CT 06508.
Corticotropin releasing hormone (CRH) is known to markedly increase the
amplitude of die acoustic startle reflex after intraventricular (i.c.v.) infusion (CRHenhanced startle; Swerdlow et. al. ‘86, Liang et. al. ‘92).
Although intraamygdala infusion of CRH did not mimic CRH-enhanced startle, we found that
large electrolytic lesions of the amygdala complex blocked this effect. This
suggested that the amygdala may play an obligatory role in the expression of this
effect but may not be the primary receptor site for CRH given i.c.v.
Subsequently, we reported that electrolytic lesions of the medial septum, but not
the lateral septum, blocked CRH-enhanced startle, and intra-medial septum
injection of c Rh induced a small but significant enhancement of startle amplitude
(Lee & Davis, ‘93). However, kainic acid lesions of the medial septum failed to
block CRH-enhanced startle, which suggested that the blockade of CRH-enhanced
startle by electrolytic lesions of the medial septum was due to damage of fibers of
passage, presumably the fornix. In the present studies, we investigated the role of
the bed nucleus of the stria terminalis (BNST) and the sub-nuclei of the amygdala
in CRH-enhanced startle.
Electrolytic lesions, as well as NMDA lesions, of the BNST blocked CRHenhanced startle. However, neither ibotenic acid lesions of the central nucleus nor
NMDA lesions of the basolateral nucleus of the amygdala appeared to block CRHenhanced startle, even though both amygdala lesions completely blocked fearpotentiated startle, another behavioral measurement sensitive to amygdala
manipulation. These data suggest that die blockade seen with electrolytic lesions
of the amygdala complex was due to damage of fibers of passage, perhaps afferent
or efferent fibers of the BNST.
At the present time, it is not clear whether the BNST is the primary receptor
site which mediates CRH-enhanced startle, or whether it is an important relay
station for expressing this effect. Currently we are testing both possibilities by
infusing CRH directly into the BNST and by investigating the role of various
other structures which are close to the ventricles and project to the BNST via the
fornix, such as the ventral hippocampus, in CRH-enhanced startle.
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BEHAVIORAL PROFILE OF PUTATIVE ANTICRAVING DRUGS IN AA
RATS, AN ANIMAL MODEL OF ALCOHOLISM. J. De Vrv. R, de Beun and T.
Glaser*. Institute for Neurobiology, Troponwerke, Berliner Strasse 156, D-

INTRAVENOUS HEROIN AND ALCOHOL SELF-ADMINISTRATION BY
ALCOHOL-PREFERRING AA AND ALCOHOL-AVOIDING ANA RATS.
P.Hyytia*. G. Schulteis and G.F. Koob. Dept. of Neuropharmacology, The Scripps
Research Institute, La Jolla, CA 92037.
The AA (Alko, Alcohol) rat line, selected for high alcohol drinking, has previously
been shown to drink more solution containing the opiate etonitazene than its
counterpart, the alcohol non-preferring ANA (Alko, Non-Alcohol) rat line (Hyytia and
Sinclair, Psychopharmacology 111:409,1993). The present experiments were conducted
to see whether the relationship between ethanol and opiate intake by these lines would
persist if an intravenous route of administration is used. Naive AA and ANA rats (n=6
per line) were trained to lever press using food as a reinforcer. Rats were then implanted
with a silastic catheter into the external jugular vein. After recovery, animals were

51063, FRG
Alcohol preferring AA rats, selectively bred for a high daily consumption of
ethanol (EtOH, > 5 g/kg, 10 % V/V) and preference (> 70 %) for EtOH over
water, were tested with a variety of putative anticraving drugs, injected shortly
before the 12 h test session. Absolute and relative (preference) EtOH intake,
as well as total fluid and food consumption were assessed. In general, drugs
could be categorized according to the particular profile of drug effect. One
typical profile was obtained with (cis)-flupenthixol, with a clear suppression of
consummatory behavior (both food and fluid). Although EtOH intake was
reduced by this compound, the effect was completely nonselective
(consequently, EtOH preference was not affected). A different profile was
obtained with imipramine and fenfluramine, as these compounds reduced
both EtOH intake and preference. However, both compounds also reduced
food intake and this effect was already present at doses below the doses
which affected EtOH intake. The largest group contained compounds which
were able to reduce EtOH intake and preference, but this effect occurred at
similar doses which suppressed food intake (fluoxetine, lisuride, nifedipine,
nitrendipine, verapamil, buspirone). In the case of 8-OH-DPAT and
nimodipine, there appeared to be a slightly more selective profile (i.e., small
ratio between EtOH and food intake reduction). The most selective profile was
obtained by diazepam and ipsapirone. In both cases, clear reduction of EtOH
intake and preference was obtained at doses which did not suppress food
intake. The last group (ritanserin, ondansetron, diltiazem and naltrexone)
consisted of compounds which were without effect on any parameter. These
data suggest that the AA rat model offers the opportunity to find drugs which
suppress EtOH intake and preference in a selective manner, but it remains
unclear to what extent such profile reflects specific anticraving properties.

trained to respond for a 0.1 ml i.v. infusion of heroin (0.03 mg/kg/infusion) on a fixedratio (FR) 1 schedule with a 20-sec timeout (TO) during 3-h sessions. Once stable
baselines were achieved, rats were given 3 within-session dose-response sessions during
which rats were allowed to respond for ascending heroin doses (0.0075, 0.015,0.03, and
0.06 mg/kg). The ratio requirement was then gradually increased to FR5 and the
subjects were tested during one 6-h progressive-ratio session. There were no significant
differences between AA and ANA rats either during the baseline heroin sessions, across
the ascending within-session doses, or on the progressive-ratio probe. However, when
after additional heroin baseline sessions, the rats were given ethanol intravenously (1.0
mg/kg/infusion) substituted for heroin on an FR1 TO 10-sec schedule, AA rats initially
increased their responding, while ANAs fell below their heroin baseline. AA rats
maintained stable responding and were significantly higher than ANAs also at higher
ethanol doses, 2.0 and 4.0 mg/kg. These findings do not give evidence for a line
difference in i.v. opiate self-administration but suggest that at least some factors
contributing to the line difference in alcohol drinking are present when a non-oral route
of administration is used. Supported by grants AA08459, AA06420, and AA07456.

665.3

665.4

NALTREXONE EFFECTS ON ORAL SUCROSE AND
ETHANOL-REINFORCED RESPONDING IN
RHESUS
MONKEYS. E.D. Pakarinen1. K.L. Williams2 and J.H. Woods*1'
Departments of Pharmacology1 and Psychology2, University of
Michigan, Ann Arbor, MI 48109-0632.
Twelve rhesus monkeys were given opportunities to respond to
obtain either sucrose (3.2 - 320 mg/ml] or ethanol and water; most of
the monkeys had histories of exposure to opioids (e.g., etonitazene) or
phencyclidine (PCP)-like drugs. Eight of the twelve reliably selfadministered ethanol relative to water over a 3-hour period. Ethanol
concentration [0.25 - 32 gm/L] was altered; increases in concentration
produced a bitonic preference in drug-reinforced responding relative to
water and increases in ethanol intake. Individual differences in ethanol
intake were considerable, and were representative of individual
differences of other studies of oral ethanol intake in rhesus monkeys.
Naltrexone (0.032 - 0.32 mg/kg i.m.) reduced both ethanol and water
responding across monkeys, and, in some cases, reduced ethanolreinforced responding more than water responding. At doses that
reduced ethanol-reinforced drinking, naltrexone had little or no effect
on sucrose-reinforced drinking. This type of study in primates may be
appropriate to begin to examine parallels to the studies in humans in
which naltrexone decreases certain ethanol-related behaviors.
(Supported by USPHS Grants DA 00254, DA 05325, DA 07268, and
DA 08568).

GENETIC DIFFERENCES IN NALOXONE ENHANCEMENT OF ETHANOLINDUCED CONDITIONED TASTE AVERSION. J. Broadbent*. H. V.
Linder. C. L. Cunningham. Medical Psychology, Oregon Health

Sciences University, Portland, Oregon 97201
The influence of opioid systems on the aversive hedonic effects
of ethanol was examined in alcohol-preferring (C57BL/6J) and
avoiding (DBA/2J) strains of mice using the conditioned taste
aversion paradigm. Naloxone (1 or 3 mg/kg) or ethanol (3 g/kg)
given alone did not produce an aversion to a novel tasting fluid in
C57BL/6J mice. Administration of both naloxone and ethanol,
however, produced a significant taste aversion in this strain.
Naloxone alone did not produce an aversion and also failed to
potentiate the moderate aversion produced by ethanol (1.5 g/kg)
alone in DBA/2J mice. A second experiment addressed the
possibility that naloxone failed to enhance the aversion to ethanol
in DBA/2J mice due to a 'floor' effect on consumption. A lower dose
of ethanol (1 g/kg) produced a modest taste aversion in DBA/2J
mice that, again, was not potentiated by naloxone. Additional
conditioning with a high ethanol dose, however, significantly
suppressed consumption indicating that naloxone's failure to
enhance the effects of ethanol was not due to a 'floor' effect. These
results reveal a selective enhancement of the aversive effects of
ethanol in C57BL/6J mice by naloxone, suggesting that genetically
determined differences in endogenous opioid systems in alcoholpreferring mice may mitigate ethanol's aversive effects.
Supported by NIAAA grants AA08621 and AA07468

665.5

665.6

NALTREXONE EFFECTS ON ACQUISITION AND REDUCTION OF ETHANOL
CONSUMPTION IN C57BL/6J MICE. T.J. Phillips*, C.D. Wenger,
and J.D. Dorow. V.A. Med. Cntr. and Dept. of Medical
Psychology, OR Health Sci. Univ., Portland, OR 97201.
Opiate receptor antagonists, such as naloxone and
naltrexone, have been shown to reduce ethanol (EtOH)
consumption in EtOH preferring rodent lines and strains.
Most studies have concentrated on antagonist effects in
animals that have already acquired high levels of EtOH
drinking. We have performed three two-bottle choice
studies (water vs. 10% EtOH) using the EtOH preferring
C57BL/6J mouse strain. The first was designed to replicate
earlier findings of naltrexone’s effects on reducing
established EtOH consumption. An increasing i.p. dosing
regimen was used, and significant effects of naltrexone on
EtOH preference and consumption were found at lower doses;
these effects waned at higher doses. The second study
examined the effects of chronic naltrexone on the
acquisition of EtOH consumption. Time-release naltrexone
pelleted mice drank more EtOH and showed greater EtOH
preference than did placebo pelleted mice. The third study
examined the effects of i.p. injected naltrexone on
acquisition of EtOH drinking. Naltrexone injected mice
consumed less and exhibited lower preferences than did
saline treated mice. There appear to be important
consequences of dosing parameters and possibly EtOH
experience on the effects of naltrexone on EtOH
consumption,. Supported, by grants.from the DePt of.
,
Veterans Affairs and the Alcoholic Bev. Med. Res. Found.

CENTRAL ADMINISTRATION OF AN OPIATE ANTAGONIST
DECREASES ORAL ETHANOL SELF-ADMINISTRATION IN RATS.
CJLHyset*. AJ. -Roberts. .G, Schulteis, P. Hyytia, .and G.F. JKoob. Dept.
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
Opioid peptides have been implicated in various behavioral actions of
alcohol, including the reinforcing effects, however the role of specific
brain sites remains to be explored. The present study examined the effects
of intracerebroventricular (ICV) or intracerebral (IC) injections of an
opiate antagonist on ethanol self-administration. The nucleus accumbens
and central nucleus of the amygdala were selected as IC sites given that
these regions have been implicated in the behavioral effects of opiate
drugs. Male Wistar rats were trained in a limited access paradigm (30
min/day) to respond for ethanol (10% w/v) or water in a two-lever freechoice condition using a saccharin fading procedure. Following the
establishment of stable baseline responding for ethanol Q. 20%), animals
were implanted stereotaxically with a guide cannula above the lateral
ventricle (ICV) or with bilateral guide cannulae either above the nucleus
accumbens or amygdala. Following postoperative recovery of stable
baseline responding, the rats were tested 15 min after ICV or IC
microinjections of an opiate antagonist methylnaloxonium (0 - 2pg).
Methylnaloxonium injections dose-dependently reduced ethanol
responding.
Injections into the amygdala significantly reduced
responding for ethanol at doses of 0.25 - 0.50 pg, whereas higher doses
were required in the nucleus accumbens (0.50 - 1.0 pg) and still higher
doses were needed ICV (1.0 - 2.0 pg). These results provide evidence that
opioids, particularly in the amygdala, may be involved in the regulation of
ethanol self-administration. Supported by grants AAO8459, AA06420
and NRSA AA05403.
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DECREASED VOLUNTARY ETHANOL CONSUMPTION
IN TRANSGENIC MICE LACKING P-ENDORPHIN
J.E. Grisel*. N.J. Grahame. J.S. Mogil. J.K. Belknap and M.J. Low
Department of Veterans Affairs Medical Center and Oregon Health
Sciences University, Portland OR 97201
The opioid peptide, p-endorphin, has been purported to play a
role in the voluntary consumption of ethanol. We tested this hypothesis
in mice lacking p-endorphin (POMCX*4 -/- mice) due to transgenic
alteration of its precursor, the proopiomelanocortin (POMC) gene.
Introduction of a premature translational stop-codon into the POMC
gene resulted in a truncated prohormone lacking the carboxyl-terminal
region coding pendorphin, but normal expression and regulation of
other peptide products of the POMC gene. We have previously
demonstrated that POMCX*4-/- mice display deficient opioid stressinduced analgesia, but are not impaired in their analgesic responses to
exogenously administered opiates (Rubenstein et al., submitted). In the
present study, these adult male POMCX*4 -/- mice and their wild-type
littermates (129/B6 hybrids) were given home-cage, two bottle choice
access to either water and solutions containing either ethanol (7%
vol/vol) or the selective g-agonist, etonitazine (3mg/ml). POMCX*4
-/- mice demonstrated both a decreased preference for and consumption
of ethanol compared to wild-type mice, but no differences in etonitazine
self-administation were apparent. These data support the idea that pendorphin plays a role in mediating ethanol consumption, and extend
previous findings suggesting that mice lacking p-endorphin do not have
altered opiate responsivity. Supported by grants from the NIH and the
Markey Charitable Trust (MJL), and a VA Merit Review (JKB).

DELTA AND KAPPA OPIATE RECEPTORS MODULATE
VOLITIONAL ETHANOL INTAKE IN THE RAT J. Franck1 and G.
Ornung*2 Departments of Physiology and Pharmacology^ and
Neuroscience2, Karolinska Institute, S-171 77 Stockholm, Sweden.
The effect of opioid antagonists on volitional ethanol intake yvas
studied in normal Sprague-Dawley rats using a free-choice paradigm.
Rats were habituated to drinking solutions with increasing concentration
of ethanol, reaching a final concentration of 5% within 12 days. The rats
had free access to food and water. During a four day's baseline period,
the rats were deprived of water and ethanol solution for the last 4 h of the
light period. The average total daily intake of ethanol during this period
was l.70±0.22 g/kg/d (n=24). An i.p. saline injection was given 30 min
before the beginning of the dark period, and water and ethanol solution
were reinstalled when lights went off. The average intake of ethanol
during the first hour after reinstallation of water and ethanol was
0.32+0.02 g/kg/h (nh 2n). A four day'd trestment period wad inUi aned by
i.p administnation nf th e opioid dntagomstni naltnaxrne (0 .1 and d
mg/kg), ICI-174,864 (0.1 mg/kg), nsr-bmtltsrphimlne (nor-BNI; 0.1
mg/kg) or saline (4 ml/kg) 30 min before water and ethanol solution were
reinstalled. Naltrexone (0.1 and 1 mg/kg; unselective antagonist) reduced
the ethanol intake during the one hour test sessions by 45% and 65%,
respectively, .compared to the baseline values. ICI-174,864 (0.1 mg/kg; 5
tnitgsniti) and nor-BNI (0.1 mg/kg: k antagonist) reduced ethanol intake
by 47% (pCO.01, n = 8) and 32% (p<0.05, n=8), respectively.
Naloxonazine (0.1 mg/kg;
antagonist) had no effect on ethanol intake
(n=8). The total daily intake of ethanol was unaffected by the drugs
studied. Food and water intake did not differ between treatment groups
and controls. Ethanol intake during the test sessions was restituted to
baseline values when drugs were replaced by saline injections. The
results suggest that opiate receptors of the 5 and k subtypes modulate
volitional ethanol intake in the rat, and that selective opioid antagonists
may have a , therapeutic potential in the treatment of alcohol dependence.

665.9

665.10

CONTENT OF PROENKEPHALIN AND PRODYNORPHIN mRNAs IN
DISTINCT BRAIN REGIONS OF THE ALCOHOL-PREFERRING (AA)
AND THE ALCOHOL-AVOIDING (ANA) RATS. N, T. Jamenskv, K.
Kianmmaa. M. Thakur* and C. Gianoulakis. Douglas Hospital Research Centre,
McGill University, Verdun, PQ, H4H 1R3, Canada and Research Laboratories,
Alko Ltd., Helsinki, Finland.
A number of studies have indicated that the reinforcing effects of
ethanol are mediated, at least in part, by its effects on the activity of the
endogenous opioid system. Genetically determined differences in the activity
of the endogenous opioid system, under basal conditions or following exposure
to alcohol, may be important in controlling alcohol consumption. Indeed,
previous studies have demonstrated a higher content of pro-opiomelanocortin
(the precursor to beta-endorphin) mRNA in the arcuate nucleus of the AA than
of the ANA lines of rats. The objective of the present studies was to investigate
the presence of differences in the contents of proenkephalin and prodynorphin
mRNAs in distinct regions of the brain between AA and ANA rats under basal
conditions, using 3SS-labelled oligonucleotide probes for proenkephalin and
prodynorphin and in situ hybridization techniques. Results indicated that in the
arcuate nucleus and septum the content of proenkephalin mRNA was
significantly higher in the AA than ANA rats. On the other hand a lower content
of prodynorphin mRNA was observed in some brain regions of the AA than of
the ANA rat. In conclusion, such differences in the content of mRNAs of the
endogenous opioid peptides between the AA and ANA rats may be important
in controlling voluntary alcohol consumption by these lines of rats.
Supported by a grant from the Natural Science and Engineering Research
Council of Canada.

THE EFFECT OF AN ACUTE ETHANOL EXPOSURE ON THE RAT BRAIN
POMC OPIOPEPTIDE SYSTEM. R. L. Popp.* and C. K. Erickson. Div.
Pharmacol, and Toxicol., Col. Pharm., U. T. Austin, Austin TX 78712.
The discovery of endogenous opiopepudes in the central nervous system has
stimulated numerous questions concerning their function. It has been suggested
that they play a role in the etiology of alcoholism or other addictive diseases. Betaendorphin 1-31 (p-end) is one of these endogenous opiopeptides. It is posttranslationally processed from the inactive peptide pro-opiomelanscortin (POMC).
We have previously reported that a single ethanol exposure (0.5, 1.0, and 3.0 g/kg
BW, 20% w/v ethanol) resulted in an increase in p-EPLP levels in the
hypothalamus and a decrease in the hindbrain, regardless of dose. Biological
significance could not be attached to any individual group differences seen at several
time points. In order to identify the molecular action of ethanol on this peptide
system we conducted another series of experiments using male Sprague Dawley rats
to study the effects of different doses of ethanol (same as before) at different time
points post-ethanol administration (15, 30, 60 and 240 minutes) on changes in
POMC synthesis in the hypothalamus. We measured changes in both the POMC
primary transcript and the POMC mature mRNA by hybridizing hypothalamic
total RNA with a POMC intron/exon junction, in vitro -synthesized riboprobe. No
changes in primary transcript were detected. We also did not see any changes in
mature POMC hypothalamic mRNA up to 4 hours post-administration at any
dose. Based on the results from these two experiments we conclude that an acute
ethanol exposure affects the rat hypothalamic POMC opiopeptide system by
increasing levels of p-EPLP. The increase in levels appears not to be caused by an
increase in POMC synthesis but rather by an increase in the post-translational
processing (PTP) of the pro-peptide POMC. (Funded by DA07355)

665.11

665.12

INVOLVEMENT OF THE PEDUNCULOPONTINE NUCLEUS IN REGULATING
ALCOHOL DRINKING. S.N. Katner, W.J. McBride. L. Lumeng. T.-K. Li, J.M,
Murphy*. Depts. of Psychi. and Med., Indiana Univ. Sch. of Med., VA Med. Ctr., and
Dept. of Psychol., Purdue Sch. of Sci., IUPUI, Indianapolis, IN 46202.
Experiments were conducted to determine if the pedunculopontine nucleus (PPN) is
involved in mediating ethanol drinking behavior in the alcohol-preferring P line of
rats. Female P rats were given limited access (2h/day) to 10% (v/v) ethanol and
0.0125% (g/100 ml) saccharin solutions. During limited access, P rats consumed 10.4
± 0.6 ml of ethanol and 7.3 ± 1.6 ml of saccharin. Food and water were available ad
libitum. Cholinergic agents were microinjected unilaterally into the PPN immediately
prior to ethanol access. Caibachol (1-4gg/0.5gl), which inhibits cholinergic neuronal
activity within the PPN, dose-dependently decreased ethanol intake within the first 30
min (70% decrease at the highest dose; p<0.05). However, by the end of the 2 hr
period, the actions of carbachol had begun to diminish with only the highest dose
being effective. Carbachol also dose-dependently reduced saccharin intake within the
first 30 minutes (90% decrease at the highest dose; p<0.05). The results with

ARE SOME OF THE EFFECTS OF ETHANOL MEDIATED THROUGH NPY?
C.L. Ehlers*.C. Somes. C. Garcia-Andrade. S. Lopez. J. Rivier. Clayton Fnd.
Labs, Salk Institute, and Department of Neuropharmacology, The Scripps
Research Institute, La Jolla, CA 92037.
Central administration of NPY in low concentrations has been shown to
produce anxio^sis in several anxiety models and to produce some suppression of
locomotor activity at higher doses, a behavioral profile which is similar to that of
ethanol. In addition, recent studies have demonstrated that ethanol can potentiate
some of the behavioral effects of NPY such as NPY-stimulated food ingestion.
The present study was conducted to ascertain whether NPY and ethanol have a
similar electrophysiological profile and to determine if potentiation of NPY's
actions can also be detected in neurophysiological measurements. Thirty-two
Wistar rats were stereotaxically implanted with electrodes aimed at dorsal
hippocampus (DHPC), amygdala (AMYG), and frontal cortex (CTX). Rats
received the following drug regimes: saline ICV , 1 and 3 gg NPY ICV, Saline
ICV plus saline IP, Saline ICV plus ethanol (0.75 g/kg) IP, NPY ICV (1 gg)
plus ethanol (0.75 g/kg) IP. Forty minutes of EEG was collected and event related
potentials (ERPs) recorded in response to an auditory “oddball” paradigm .
Spectral analysis revealed that the higher dose of NPY produced significant
(p<.006) overall decreases in spectral power except in the higher frequency bands
(10-50 Hz) specifically in frontal cortical areas. Ethanol (0.75 g/kg) and the lower
doses of NPY also decreased spectral power but not to a significant degree. The
combined administration of EtOH and NPY (lgg) produced significant effects
similar to those found at the 3 gg dose of NPY. Evaluation of ERPs revealed
that NPY (3gg) produced reductions in the N1 component in frontal cortex
(p<.001) and decreases in the P3 component in amygdala (p<.05). Low doses of
ethanol were found to significantly potentiate the effects of low doses of NPY on
the N1 component. These studies suggest that NPY produces electrophysiological
effects similar to low doses of ethanol. In addition ethanol appears to potentiate
some of the electrophysiological effects of NPY. ( supported by AA 00098,
05069, and HL41910)

carbachol suggest that normal activity of the cholinergic PPN system is required for
maintaining drinking behaviors in general. Scopolamine (5-15gg/0.5gl), which
stimulates cholinergic neuronal activity within the PPN, dose-dependently decreased
ethanol intake within the first 30 min (65% decrease at the highest dose; p<0.05);
ethanol consumption had partially recovered by the end of the 2 hr period. On the
other hand, microinfusion of scopolamine into the PPN did not alter saccharin intake
after 30 minutes. The findings with scopolamine suggest that increased activity of the
cholinergic PPN system selectively reduces ethanol intake, possibly by mimicking the
actions of alcohol itself and consequently requiring less ethanol consumption to
produce the same CNS effect. Overall, these results support an involvement of the
cholinergic PPN system in regulating alcohol drinking behavior of the P line of rats.
(supported in part by AA 08553, AA 07462, AA 07611).
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Dose-dependent effects of a-melanocyte-stimulating hormone (a-MSH)
on the acquisition of a preference for ethanol in Sprague-Dawley rats.
W. L. Nores. R. L. Bell. R. D. Olson. G. A. Olson*, and A. J. Kastin.
Department of Psychology, University of New Orleans, New Orleans, LA
70148.
We studied the effects of a-MSH on the acquisition of a
preference for ethanol. Thirty-six Sprague-Dawley male rats had access
to a 3% v/v solution of ethanol for the first six days, followed by six
days of 6% v/v solution of ethanol and six days of 12% v/v solution of
ethanol in a limited access paradigm. The solutions of ethanol were
available for one hour a day starting at 1600h, and intake of ethanol and
water were measured at the end of this period. Food and water were
freely available throughout the study, and were measured daily prior to
the presentation of the solutions of ethanol. Rats were injected IP with
either 0.0, 0.0001, 0.001,0.01, 0.1, or 1.0 mg/kg a-MSH 20 minutes
before the presentation of the solution of ethanol. A 6 X 3 X 6 (dose X
concentration X days) mixed analysis of variance, with concentration and
days as the repeated measures, yielded a significant two-way (dose X
ethanol) interaction, £<.05. All doses of a-MSH increased intake of
ethanol as the concentration of ethanol increased except the 1.0 mg/kg
dose of a-MSH which decreased intake of ethanol as the concentration
of ethanol increased. A significant main effect for ethanol was obtained,
P<.05, with a higher overall intake of ethanol for the 6% and 12% v/v
solutions of ethanol. There was also a significant main effect for dose,
p<.05. An overall trend analysis on the doses of a-MSH yielded a
significant quadratic trend, p<.05, indicating an inverted-U shaped doseresponse relationship among the doses of a-MSH. The results suggest
that a-MSH influences the acquisition of a preference for ethanol in rats.

TIME COURSE OF CORTICAL NMDA RECEPTOR ELEVATION
AND SEIZURES IN MICE FOLLOWING WITHDRAWAL FROM
CHRONIC PHENOBARBITAL. K R. Short* and B. Tahakoff Dept. of
Pharmacology, Univ. of Colorado Health Sciences Center, Denver, CO
80262, *Dept. o^ Psychology, Creighton Univ., Omaha, NE 68178.
The authors previously reported increased numbers of NMDA receptors
in mouse cortex following chronic phenobarbital (PhB) treatment,
suggesting a possible mechanism for withdrawal (W/D) seizures. We
report the duration NMDA receptor elevation following PhB W/D, and
the corresponding rates o^ W/D seizures and levels of serum PhB.
C57BL/6 mice (N=85) ate normal chow or chow containing 2.0 g PhB/kg
food (increased to 2.5 g/kg after 5 days) for 7 days, after which all mice
received drug-free chow. All mice were tested for susceptibility to auditory
seizures at 0, 8, 12, 24, 36, 48, and 72 hrs post-W/D. PhB-treated mice
were sacrificed at either 0, 12, 24,36, or 72 hrs post-W/D, and control mice
at 24 hrs and 72 hrs. At sacrifice, trunk blood was assayed for serum PhB
and cortical tissue was prepared for NMDA receptor quantification.
[3H]MK-801 binding (0.25 to 25 nM) to crude synaptic membranes was
determined in the presence of 10 mM glutamate, 1 mM glycine, and 100
pM MgSO4 in the presence or absence of 1 mM MK-801.
No PhB-treated mice displayed seizures at 0 or 8 hrs post W/D, while
67% at 12 hrs and 64% at 24 hrs showed W/D seizures, after which time
seizure rates dropped sharply. Serum PhB at 0 hrs was l02pg/ml but
dropped to 3 pg/ml at 12 hrs W/D. Bmax for MK-801 binding was 49%
higher than controls at 0 hrs W/D (Kd unchanged) and was still elevated
24% at 24 hrs, but dropped to control levels at 36 hrs post-W/D. These
results suggest PhB W/D seizures are associated with increased NMDA
receptor number and low serum PhB. (AA-09014, AA-09005, AA-07464)

665.15

665.16

NITRIC OXIDE SYNTHASE INHIBITION REDUCES ALCOHOL WITHDRAWAL HYPERMOTILITY, ALCOHOL PREFERENCE AND CORTICAL HYPERVASCULARIZATION. Ph. De Witte*, C. Verheyden and F.
Lallemand. Lab. Psychobiology, Univ. of Louvain, Belgium.
Nitric oxide (NO) modulates the vascular system and also
interacts with alcohol. L-NNA, a stereoselective NO synthase
inhibitor, was mixed with water in the drinking bottle at
5mg/kg/day during pulmonary chronic alcoholization. Rats
were kept for 30 days in the alcoholization chamber before
recording of 1)the motility during the withdrawal syndrome
2) the preference for ethanol in a free choice water versus
10% (v/v) ethanol solutions and finally 3) the microvascular morphometric quantification of the vessels length in
the fronto-parietal cortex. Results showed that 1) the
hypermotility observed during the withdrawal syndrome was
significantly decreased in L-NNA rats 2) the alcohol preference cut-off, i.e. the moment when rats failed to drink
preferentially alcohol, was significantly decreased in the
L-NNA treated rats, while no difference occured in the
global liquid consumption between treated and untreated
rats and 3) the hypervascularization of the cortical area
observed after chronic alcoholization was significantly
decreased in L-NNA treated rats. L-NNA, a NO synthase inhibitor, reduced thus the behavioral dependence after alcoholization, the behavioral preference for alcohol as well as
the microvasculature length of the cortex supporting thus
the direct implication of NO in alcohol abuse and its
withdrawal.

INDOMETHACIN INCREASES ALLOPREGNANOLONE PLASMA
LEVELS AND REVERTS ETHANOL PSYCHOPATHOLOGY IN
ALCOHOLICS WITHDRAWAL. ERomeo*. EftmnfiQ F. di Mrfiele0. GLSnlletta>.
PFuoci0. CRrnari0. MRpe°°. LMfetala00.G.Vaocan;lla00aad A Rasa0, Dept Med. Sperimentaie and
Ttept San PUbfcca’Tcr Vegata" Urov„ Rone °°"S. Giuseppe" Hop. Aano Rome, Italy 00133
We previously reported (Neuroscience 1994, Abst.215.26) a large decrease of
plasma allopregnanolone (ALLO) levels in alcoholics in the early phase of ethanol
withdrawal that negatively correlated with symptoms of anxiety and depression.
Here we treated a group of alcoholics during withdrawal, with indomethacin
(l00mg/day) that inhibits a 3a-hydroxysteroid-oxidoreductase (HSOR), responsible
for the conversion of ALLO to 5a-dihydroprogesterone (DHP). The plasma levels of
progesterone (PROG), ALLO and DHP were measured by gas chromatography-mass
spectrometry. Blood samples were taken on the first day of withdrawal Gust before
the beginning of treatment with indomethacin), each of the next 4 days of
treatemcnt and on day 15th (treatment free). On the same days patients were
administered psychometric tests to measure depression, anxiety and agressiveness.
On the first day of indomethacin treatment plasma ALLO increased 10 fold
compared to control subjects. On the following 3 days and on day 15th ALLO levels
were as in control subjects but higher than in alcoholics untreated. Since the plasma
levels of PROG were unchanged the data support the hypothesis that indomethacin
reverts the decrease of ALLO plasma content observed in not treated patients by
acting on the HSOR. Although all subjects met the DSM-IV criteria for alcohol
dependence, measurements of anxiety and depression in the indomethacin treated
patients were within normal values. These findings raise the possibility that
pharmacological interventions aimed to increase ALLO content could be beneficial
in the treatment of the withdrawal syndrome in alcoholic patients.

665.17

665.18

RELATIONSHIP BETWEEN SPONTANEOUS SEIZURE OCCURRENCE
AND SALICYLATE SPIN-TRAP ADDUCTS FROM WHOLE RAT BRAIN
HOMOGENATES AFTER SINGLE AND REPEATED ETOH DEPENDENCE
EPISODES. M. Vallett1,* D.V, Gauvin1, W.W, Beatty1. T, Tabatabaie2 &

CALCIUM
CHANNEL
BLOCKERS
REDUCE
ETHANOL
WITHDRAWAL-INDUCED ANXIETY IN MALE RATS. C.J. Wallis*,
and H Lal. Department of Pharmacology and SAINT, University of North
Texas Health Science Center, Fort Worth, TX 76107.
Ethanol modifies the activity of a variety of ligand gated and voltage
regulated ion channels. If increased calcium channel activity contributes to
the ethanol withdrawal (EW) syndrome, then reducing calcium channel
activity during EW should ameliorate some of the symptoms of ethanol
withdrawal. In the present studies, we investigated the efficacy of
nitrendipine and nimodipine, calcium channel blockers, to modify an EW
symptom in an animal model of anxiety: male rat behavior in elevated plusmaze (EPM). Long-Evans hooded male rats were given a nutritionally
balanced liquid diet containing 4.5% ETOH for 10 d (Lai et al., JPET
247:508, 1988). Twelve h after removal of the ETOH diet, rats were
tested. We observed a significant reduction in the open-arm activity and
the number of total arm entries indicative of EW. Single pretreatment (lh)
with nitrendipine or nimodipine (0.08-5.0 mg/kg) resulted in a dose related
increase in open arm activity at doses of 1.25-5.0 mg/kg. Acute
pretreatment did not improve the total number of arm entries. Repeated
injections of nitrendipine or nimodipine (1.25-5 mg/kg, 2/day, 3 or 5 days)
increased open arm activity and total arm entries during EW. These data
support a role for increased Ca2+ channel activity in EW. Supported by
NIAAA grants AA06890 and AA09567

RA. Floyd2. Dept. Psychiatry & Behavioral Sciences, University of
Oklahoma Health Sciences Ctr., 1 Dept. ofFree Radical Biology & Aging,
Oklahoma Medical Research Foundation, Oklahoma City, OK 73190
ETOH exposure increases free-radical generation, lipid peroxidation
(LP), and [GSSG] with concomitant decreases in [SOD] and [GSH] in rat
brain. The increase in LP is independent of acetaldehyde production by
both alcohol dehydrogenase and catalase (Montoliu et al., 1994, J
Neurochem, 63,1855-1862). The present study examined the relationship
between the occurrence of ETOH-withdrawal-associated spontaneous
convulsive behaviors and the level ofCNS hydroxyl-radical species in rats
exposed to either single or multiple (11) cycles of ethanol vapor exposureinduced dependency. HPLC assays of salicylate hydroxylation products
(catechol, 2,3 Dihydroxybenzoate [2,3 DHBA], and 2,3 Dihydroxybenzoate
[2,5 DHBA]) were used to quantify levels of brain homogenate hydroxylradical concentrations 12 hours after removal from the ETOH chambers.
Water control and ethanol treated rats (terminal BAC's of > 300 mg/dl
for >24 hrs) were injected with 100 mg/kg salicylate, as a trapping agent,
one hour before rapid decapitation, tissue harvesting, and liquid nitrogen
tissue immersion. Significant group differences (F[l,22]=22.7, p<.001)
were found in 2,3 DHBA concentrations after a single exposure cycle.
Significant group-dependent differences were also found for both 2,5
DHBA concentrations and the total DHBA:salicylate ratio after both
single and multiple exposures. Point biserial correlations between the
occurrence of spontaneous withdrawal seizures and the concentration
levels of 2,5 DHBA and the total DHBA:salicylate ratios were 0.82
(tcZe(15)=’^.-^, p<.001) and 0.75 (/Occ(15)=5.9, p<.001), respectively.
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EFFECTS OF CHLORDIAZEPOXIDE AND ACAMPROSATE ON THE
CONDITIONED
PLACE
AVERSION
INDUCED
BY
ETHANOL
WITHDRAWAL. B.A.Baldo*. C.J. Heyser. P.Griffin. G. Schulteis. L. Stinus#.
and G.F. Koob. Dept. of Neuropharmacology, The Scripps Research Institute,
La Jolla, CA. 92037 and #Universite de Bordeaux II, Bordeaux, France..
Ethanol withdrawal is associated with irritability, anhedonia, anxiety, and other
affective symptoms. In rats, ethanol withdrawal has been found to produce
elevated brain stimulation-reward thresholds, locomotor hyperactivity,
hypothermia, reduced seizure threshold, and conditioned place aversion. In the
present study, an attempt was made to reverse ethanol withdrawal-induced
conditioned place aversion by the classic benzodiazepine anxiolytic
chlordiazepoxide (5 mg/kg, 10 mg/kg), and the novel anti-craving drug,
acamprosate (400 mg/kg). Male Wistar rats were maintained on an ethanolcontaining liquid diet (10% ethanol). After 20-24 days of exposure to the ethanol
liquid diet, animals were tested in the place conditioning apparatus, which
consisted of three distinct rectangular compartments separated by a triagular central
region.
During this initial exposure, animals freely explored all three
compartments of the apparatus. One to three days later, animals were confined to
one of the compartments while not undergoing withdrawal. On the following day,
liquid diet was removed and the rats were exposed to a second compartment 8 hrs
into withdrawal (mean BAL at withdrawal: 218 mg%), following injection with
vehicle, chlordiazepoxide, or acamprosate. When subsequently allowed to reexplore all compartments, animals showed a significant place aversion to the
compartment associated with ethanol withdrawal; both doses of chlordiazepoxide
reversed this effect. In an initial attempt to characterize the effect of acamprosate
on ethanol withdrawal-induced place aversionfive out of eight vehicle-treated rats
displayed a reduction in the withdrawal-paired compartment, whereas none of the
acamprosate-treated animals demonstrated such an effect.
Thus, both
chlordiazepoxide and acamprosate appear to reverse the place aversion elicited by
ethanol withdrawal.

REPEATED EPISODES OF ETHANOL WITHDRAWAL LOWER
PENTYLENETETRAZOL (PTZ) SEIZURE THRESHOLD DOSE IN
MICE. J.L. Diaz-Granados*. R.R. Reich. K.G. Fernandes, and H.C.

Becker. Med. Univ. of S. Carolina and VAMC, Charleston, S.C. 29425.
We have established a model in which multiple episodes of EtOH
withdrawal result in an exacerbation of handling-induced convulsions
(HIC) in adult C3H mice compared to mice that have been withdrawn a
single time. The present experiment was designed to examine whether
repeated EtOH withdrawals alters sensitivity to the proconvulsant effects
of the GABAa receptor antagonist PTZ, as assessed by the tail vein
infusion method. Mice were divided into three treatment groups: a
multiple withdrawal (MW) group received 4 cycles of 16 hr EtOH vapor
separated by 8 hr periods of abstinence; a single withdrawal (SW) group
received a single 16 hr bout of EtOH; and controls (C) received no
EtOH. At withdrawal, blood ethanol levels did not differ among the
ethanol-exposed groups (150-175 mg/dl). Separate groups of animals
were administered PTZ (4 mg/ml) i.v. either 8 or 24 hr post-withdrawal.
At the 8 hr timepoint, threshold doses for tonic/clonic (TC) and tonic
hindlimb extension (THE) were significantly lower in the MW group as
compared to the SW and C groups (TC: 17.9 ± 1.3, 40.5 ± 7.7, 38.6 ±
7.2 mg/kg, resppctivvly;THE: 2205 ± 1.3,55.9 ± 10.01, 88.7 ±11.8
mg/kg, respectively). In addition, these treatment groups differed in the
development of the seizure where the time between the myoclonic jerk
(MJ) and TC was significantly less in the MW as compared to SW and C
groups (6.2 ±1.1, 35.9 ± 10.1, 33.0 ± 9.6 sec, respectively). At the 24
hr timepoint, preliminary results indicate a lower seizure threshold dose
to MJ in the MW group. The latter endpoints are currently being
evaluated. These results suggest that modifications at the GABAa
receptor complex may underlie the potentiated seizure activity resulting
from repeated ethanol withdrawals. Supported by NIAAA and VAMC.

665.21
B-CARBOLINES DURING DETOXICATION AND ABSTINENCE IN
CHRONIC ALCOHOLICS - A LONGITUDINAL STUDY N. Wodarz*. H.
RommelspacherL G.A. Wiesbeck. P. Riederer. J, Bdntna Department of
Psychiatry, University of Wurzburg, Fuchsleinstr. 15, 97080 Wurzburg,
Germany; ADept. of Neuropsychopharmacology, Free University of Berlin,
Ulmenallee 30,14050 Berlin, Germany
B-carbolines (BC) could be formed by condensation of indolealkylamine
and catecholamine transmitters with aldehydes or pyruvate. It was
hypothesised that BCs might contribute to the pathogenesis and
manifestation of at least some phenomena of addictive alcohol drinking.
Chronic intraventricular infusion of BCs have repeatedly been shown to
increase voluntary alcohol ingestion in rats and monkeys. Moreover,
ethanol-preferring rats exhibit an increased formation, increased levels in
brain, and increased excretion of BCs. However, few studies investigating
the role of neurotransmitter condensation products in alcoholism of man
have been conducted. Therefore, we investigated 12 men (age 23 - 58
years), fulfilling at least 6 of 8 diagnostic ICD-10 criteria of alcohol
dependence, lasting for at least 5 years. Relevant psychiatric and/or
somatic comorbidity was excluded. Levels of BCs Harmane and
Norharmane were measured repeatedly in plasma and 24h-urine. Moreover,
possible correlations of BC kinetics to life events, incl. history of alcoholism,
personality traits, and actual psychopathology were evaluated. Compared
to 12 age-matched healthy men without any history of dependence
Harmane- and Norharmane-levels in 24h-urine were significantly increased.
Harmane decreased during abstention without reaching values of healthy
subjects. Norharmane exhibited an additional increase after alcohol
withdrawal and remained elevated even 8 weeks after detoxication.
Preliminary results indicate correlations of BC-levels with some

demographic, clinical, and neuropsychological data.
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ALCOHOL-ILLNESS ASSOCIATIONS IN THE
SELECTIVELY BRED AA AND ANA RATS. Richard L.
Elder*. Illinois State University, Campus Box 4620, Normal, IL
61790-4620 and Nancv Badia-Elder. and Stephen W. Kiefer.
Department of Psychology, Kansas State University, Manhattan,
KS 66506-5302.
Selectively bred AA and ANA rats were used to examine the
acquisition and extinction of an alcohol-illness association. Each
animal was given one pairing of a 6% (v/v) alcohol solution
followed by intubation of a 0.15 M LiCl solution. On the day
following the acquisition trial, animals were tested for taste
reactivity to 6% alcohol. The animals then received seven
extinction trials with the alcohol solution, each trial given every
other day. Analysis of the taste reactivity data showed that AA
rats produced significantly more ingestive responses and fewer
aversive responses than ANA rats. Although both AA and ANA
rats showed alcohol avoidance on the initial extinction test, the
AA rats consumed significantly more alcohol over the course of
the seven extinction trials. These results suggest that, while AA
rats acquired an avoidance of alcohol when it was paired with
illness, the avoidance did not appear to entail a shift in
palatability nor was it as durable as that found in ANA rats.

TASTE REACTIVITY TO ALCOHOL IN RATS SELECTIVELY
BRED FOR SENSITIVITY TO A SEROTOMN-1A AGONIST.
N.E. Badia-Elder*. S . W. Kiefer. D.H. Overstreet, and A , H. Rezvani.
Kansas State University, Manhattan, KS 66506-5302, University of
North Carolina School of Medicine, Chapel Hill, NC 27599-7178.
Rats selectively bred for high (HI) and low (LO)
hypothermic responses to the serotonin-1A agonist 8-hydroxy-(2amino)-tetralin (8-OH-DPAT) were tested for taste reactivity to
five concentrations of alcohol (5%, 10%, 20%, 30%, and 40%),
sucrose, quinine, and water both prior to and following 21 days of
two-bottle consumption testing with 10% alcohol and water. Both
groups showed similar increases in ingestive and decreases in
aversive responding to alcohol from the first to second set of taste
reactivity tests. However, HI and LO rats did not differ in taste
reactivity responding in either pre- or post-consumption tests.
During consumption testing, HI rats consumed only slightly more
alcohol than l O rats. The results indicated that HI and LO rats
do not differ greatly in alcohol reactivity or consumption.
However, after experience with alcohol, both rat lines showed a
hedonic shift in alcohol palatability as shown by taste reactivity
tests. Because these lines differ greatly in hypothermic responses
to 8-OH-DPAT it seems unlikely that serotonin-1A receptors play
a major role in modulating alcohol reactivity or consumption.
(Supported by Training Grant T 32 MH 19547 from NIMH
to the Society for Neuroscience).
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alcohol

responses
in null
SEROTONIN 5HT1b RECEPTOR.

mutant

mice

missing

the

J.C. Crabbe*, T.J. Phillips, D.J.

Feller, N. Castanon and R. Hen. VA Med. Ctr. and Oregon Hlth. Sci.
Univ., Portland, OR 97201 and Columbia Univ. P&S, NY, NY 10032.
Quantitative Trait Loci analyses suggest that the 5HTi B serotonin
receptor subtype may be a candidate gene that influences several
responses to ethanol (EtOH). Mutant mice have been developed that
lack the gene coding for the 5HTJB receptor. Pharmacological evidence
suggests that these mice might show reduced sensitivity to several EtOH
effects. Homozygous knockouts (5HTi B*a ) were compared with
heterozygotes (5HTib +/’) and wild-type (5HTib +/_) controls for EtOH-

induced hypothermia and tolerance. (-/-) and (+/-) mice had diminished
response to an acute 3 g/kg EtOH injection as compared with (+/+)
mice. With 3 daily injections, tolerance developed in all genotypes to
an equivalent extent. Because the hypothermia data suggested partial
loss of response in heterozygotes even though they are thought to have
normal 5HTjb receptor levels, we tested additional animals after 10
mg/kg RU 24969, a 5HT,b receptor agonist . (+/+) animals had a large,
and (-/-) mice a very small hypothermic response: heterozygotes had an
intermediate response. One week later, these mice were tested for their
acute withdrawal response following a single 4 g/kg dose of EtOH, but
the three genotypes did not differ. Other effects of EtOH were also
tested. These studies are consistent with a role for serotonergic systems
in modulating responsiveness to some, but not all, effects of EtOH.
Support by NIAAA, NIDA, & Dept. of Veterans Affairs.

POTENTIATION OF ETHANOL-INDUCED EXCITATION OF VENTRAL
TEGMENTAL AREA NEURONS BY SEROTONIN IS MEDIATED BY
5-HT2 RECEPTORS. M.S. Brodie* and

R.D. Trifunovic,

of

Dept.

Physiology and Biophysics, University of Illinois at Chicago, Chicago, IL
60612-7342.
The dopamine-containing neurons of the ventral tegmental area (VTA)
may be important in mediating the rewarding properties of drugs of

abuse. We have previously shown that serotonin enhances ethanolinduced excitation of putative dopaminergic neurons of the VTA.

Serotonin receptors have been classified into a number of different
subtypes, therefore, we further characterized serotonin potentiation of '

ethanol-induced excitation with selective agonists and antagonists. Brain

slices containing the VTA were prepared from male Fischer 344 rats,

and all drugs were administered in the superfusate. Ethanol (40 - 160
mM) produced a concentration-dependent increase in the spontaneous
firing rate, and serotonin (5-10 pM) enhanced this excitation. Two

serotonin 5-HT2 agonists, DOI (0.1 -1 pM) and a-methylserotonin (0.5 -

5 pM) also enhanced ethanol-induced excitation. The enhancement of
ethanol-induced

excitation

was

completely

reversed

by

the

administration of ketanserin (0.5 - 2 pM), a selective serotonin 5-HT2
antagonist.

In

some experiments, ethanol-induced excitation was

reduced by ketanserin, suggesting that endogenous serotonin may

contribute to the magnitude of ethanol-induced excitation seen in this

preparation. These experiments indicate that potentiation of ethanolinduced excitation of VTA neurons is produced by serotonin acting at
5-HT2 receptors. Support: PHS grant AA-09125-03.

666.5

666.6

ETHANOL- AND NICOTINE-PREFERRING TRANSGENIC MICE DISPLAY
REDUCED SEROTONIN CONTENT IN NUCLEUS ACCUMBENS. R.W.
Steger*, C.J. Meliska, C.T. Fadden and A. Bartke. Dept. of
Physiology, SIU School of Medicine, Carbondale, IL 62901.
Male transgenic (T) mice overexpressing the bovine
growth hormone gene consume more and exhibit greater
preferences for ethanol (EtOH) and nicotine solutions than
non-transgenic litter mate controls (Pharmacol. Biochem.
Behav. 50:563,1995). Since mesolimbic forebrain monoamines
may modulate drug-induced reinforcement, we examined
indices of content and turnover of serotonin (5-HT) and
dopamine (DA) in various brain regions in male T and non-T
mice, one hour after i.p. injection of either saline or
1.5 ggkk EEOO. RrsuHs showwe ttat 5-HH ccnnent i n nnuleus
accumbens (Nacc), but not corpus striatum was lower in T
than in non-T mice (1.7 ± 0.5 vs. 4.6 ± 1.0 ng/mg tissue,
P < 0.01), one hour after i.p. saline. In contrast, onu
hour after i.p. EOOH, T and non-T mice did not differ in
Nacc 5-HT content (4.4 ± 1.3 vs. 4.7 ± 1.4 ng/mg tissue,
P > 0.05), suggesting that EtOH normalized 5-HT levels in
T mice, while having no effect in non-T controls. Levels
of 5Hhydroxyindolu acetic acid after saline and EtOH
showed a similar patOurn of results. T and non-T mice
did not differ in DA content in Nacc or corpus striatum
after saline or EtOH. Reduced 5-HT function in
reward-relevant brain regions may be associated with
increased vulnerability to drug-induced reinforcement.
(Supported by NIAA Grant 1-R03-AA09457.)

DIFFERENTIAL IMPACT OF ETHANOL ON EXTRACELLULAR LEVELS OF
SEROTONIN AND GLUTAMATE: A COMPARATIVE STUDY IN LEWIS AND
FISCHER 344 RAT STRAINS. M. Selim* and C. W. Bradberrv. Yale Univ. Sch.
of Med., Depts. of Psychiatry and Laboratory Medicine, and the West Haven
Veterans Administration Hospital, Box 116/A2,West Haven, CT 06516.
The present study investigated the impact of systemic ethanol administration on
extracellular levels of 5-HT and Glutamate (Glu) in the prefrontal cortex (PFC) and
the nucleus accumbens (NA) in Lewis (LEW) and Fischer (F/344) inbred rat strains
using microdialysis in awake animals. Lewis rats self-administer alcohol at higher
rates than F/344 rats and are thought to be genetically predisposed to drug abuse.
The extracellular levels of 5-HT and Glu in the PFC of either strain were not
significantly altered by i.p. ethanol at 0.5,1.0 or 2.0 g/kg; p>0.05 in all cases.
Similarly, injections of ethanol at 0.5 or 2.0 g/kg did not result in any significant
change (p>0.05) in NA dialysate concentrations of 5-HT or GLU in either strain. At
1 g/kg, ethanol caused a 44%±16 increase in NA-dialysate 5-HT levels in LEW rats
(p=0.006). Again, no significant change was observed in F/344 rats (p=0.66).
Preliminary data indicate that ethanol (at lg/kg) causes a non-significant trend
toward an increase in extracellular Glu in NA in both strains. Basal levels of Glu
in both the NA and PFC of LEW rats were significantly lower than in F/344 rats
(p=0.05 and 0.04, respectively). Basal levels of 5-HT were also lower in LEW rats,
but the levels of statistical significance were marginal (p=0.06 and 0.08). These
findings indicate that responsiveness of 5-HT to ethanol, or basal levels of Glu may
be important in strain differences between F344 and Lewis rats in response to acute
ethanol administration. Supported by DA 08073, DA 08227, The Yale VA
Alcoholism Research Center, and the West Haven VA Center for the study of
PTSD.

666.7

666.8

ETHANOL EFFECTS ON EXTRACELLULAR DOPAMINE IN NUCLEUS
ACCUMBENS: COMPARISON BETWEEN FISCHER AND LEWIS RAT
STRAINS. Z. Mocsarv and C.W. Bradberry*. Yale Univ. Sch. of Med., Depts. of
Psychiatry and laboratory Medicine, and the West Haven Veterans Administration
Hospital, West Haven, CT 06516.
Increasing attention has focused upon comparisons between strains of animals with
differing propensities to consume alcohol and other drugs of abuse in order to gain
insight into potential biochemical bases for drug abuse vulnerabilities. This includes
the Fischer and Lewis rat strains, with the Lewis rats exhibiting greater ease of selfadministration of ethanol, cocaine and opiates. The neuroehemieal basis of ethanol
reward is unclear, without the same dependence upon intact dopamine (DA)
innervation of the nucleus accumbens as is seen with psychostimulants. We have
made a microdialysis comparison of the effects of ethanol upon both extracellular DA,
and serotonin (accompanying poster) in awake animals of the Fischer and Lewis rat
strains. In the nucleus accumbens, there was no significant increase in DA in either
strain at 0.5 g/kg (i.p.). A 1.0 g/kg dose caused a significant increase only in the
Fischer strain (180 % of baseline at 60 min post-ethanol), with a significant difference
in response between the two strains (by two-way repeated measures ANOVA). The
2.0 g/kg dose caused a nearly significant increase in the Fischer strain, no significant
increase in the Lewis, and no significant difference in responsiveness between the two
strains. Basal extracellular DA levels were not different between the two strains. Our
results are not consistent with an elevated mesoaccumbens DA response to ethanol as
a basis for the enhanced preference of Lewis rats for ethanol. Supported by DA
08073, DA 08227, DA 04060, The Yale VA Alcoholism Research Center, and a
NARSAD Young Investigator Award to CWB.

ALCOHOL SELF-ADMINISTRATION AND AGGRESSION IN RATS:
DOPAMINE AND SEROTONIN IN N. ACCUMBENS. A.M.M. van Erp* and
K.A. Miczek. Department of Psychology, Tufts University, Medford, MA 02155
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Ethanol, when self-administered orally, enhances aggression in a subpopulation
of resident rats confronting an intruder. These residents were characterized
neuroehemieally, using in vivo microdialysis of dopamine and serotonin in the n.
accumbens. Male Long-Evans rats, housed with a female, attacked a smaller male
intruder in their home cage during 5 min tests. Rats which consistently attacked
were trained to drink a 10% ethanol solution during 15 min access in their home
cage, using a sucrose-fading technique. After ethanol intake stabilized, intruder
tests were conducted 2/wk, starting 5 min after the ethanol session. Blood samples
were taken directly after the fight from the orbital sinus, under isoflurane
anesthesia. Under these conditions, rats drank up to 1.0 g/kg, resulting in BAC
levels in a range of 10-80 mg/dl, but mostly 20-40 mg/dl. Aggressive behavior after
ethanol self-administration was enhanced in some animals (n=5) and unchanged in
others (n=3), similar to previously reported results from tests with experimenteradministered ethanol. In a second experiment changes in catecholamines in the
nucleus accumbens were monitored during ethanol drinking and subsequent
intruder tests. Ten min samples were taken during 60 min baseline, 10 min ethanol
exposure, 10 min intruder test and 120 min recovery. During the intruder test the
residents displayed circa 15 bites and threats, for a total duration of 140 seconds.
Dopamine release was increased during ethanol self-administration and the
subsequent intruder confrontation; no change or even a decrease in dopamine is
observed during and after intruder confrontations without ethanol. Preliminary
results suggest that serotonin levels follow a similar pattern. Individual differences
in neurochemical measurements are evaluated in relation to ethanol's aggression
enhancing effects.
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COMPARISON OF THE EFFECTS OF INTRAPERITONEAL, INTRAGASTRIC, AND DIRECTLY PERFUSED ETHANOL ON EXTRACELLULAR DOPAMINE LEVELS IN NUCLEUS ACCUMBENS OF LEWIS
RATS. J. Chen*, J. Li and E.L. Gardner. Departments of Psychiatry and
Neuroscience, Albert Einstein College of Medicine, New York, NY 10461
Enhancement of synaptic activity in the nucleus accumbens (Acc) terminal
projections of the mesolimbic dopamine (DA) system is one of the few neuropharmacological commonalities among drugs of abuse (Chen, Sem Neurosci
5:315-320, 1993), and drug action on this system is hypothesized to be an
essential neurobiological substrate for addiction (Wise, Pharmacol Biochem
Behav 13[suppI.ll:213-223, 1980; Wise & Bozarth, Brain Res Bull 12:203208, 1984). However, ethanol’s actions on these brain systems are less clear.
Even the effect of different routes of ethanol administration on extracellular
Acc DA levels remains unclear, as does interaction between route of administration and self-administration versus exogenous administration. We studied
the effect of three routes of ethanol administration on behavior and Acc DA
overflow (by in vivo brain microdialysis) in ethanol-preferring Lewis rats.
Intraperitoneal (i.p.) ethanol injection (0.5, 1.0 g/kg) and intragastric ethanol
gavage (0.5, 1.0, 2.5, 10.0 g/kg) produced significant motor effects (ataxia,
etc.), but direct Acc ethanol perfusion (0.01, 0.1, 1.0, 5.0% v/v) did not.
Acc ethanol perfusion and i.p. ethanol injection produced significant increases
in Acc DA overflow, but intragastric ethanol gavage did not. Intragastric
ethanol consumption may require volitional self-administration to activate Acc
reward synapses (Moolten&Kornetsky, Alcohol 7:221-225, 1990). (Supported
by NIAAA grant AA 09547, NIDA grant DA 03622, and the Aaron Diamond
Foundation).

THE EFFECT OF REPEATED ADMINISTRATION OF ETHANOL ON THE RELEASE
OF DOPAMINE IN THE NUCLEUS ACCUMBENS OF THE ALCOHOL-PREFERRING
AA AND ALCOHOL-AVOIDING ANA RATS. K. Kiianmaa*, M. Nurmi1. T. Ashizawa
and J.D. Sinclair. Biomedical Research Center, Alko Group Ltd, and department
of Biosciences, University of Helsinki, Helsinki, Finland.
The aim of the study was to investigate the effect of repeated administration of
ethanol on the release of dopamine in the nucleus accumbens of the alcohol-preferring
AA (Alko Alcohol) and alcohol-avoiding ANA (Alko Nonalcohol) rats with in vivo
microdialysis. One group ofAA rats self-administering ethanol (group AA-SA) was

offered a two bottle choice between ethanol (10% v/v) and water. A yoked group
of AA rats (group AA-IG) and another of ANA rats (group ANA-IG) received
intragastrigally at 8:00, 13:00 and 17:00 daily the amount of ethanol (g/kg) drunk
by their matched pair. After two weeks of continual access, the AA-SA group was
switched to daily 30 min limited access to ethanol at 13:00, while the yoked groups
were intubated once daily. After three weeks of limited access to ethanol the rats
were implanted with a guide cannula for in vivo microdialysis, and the effect of a
challenge dose (1 g/kg, IP) of ethanol on the release of dopamine in the nucleus
accumbens was studied. Samples were collected from freely moving animals every
10 minutes, and concentrations of the monoamines and their metabolites were
determined in the dialysate with small bore HPLC. Ethanol increased the release
of dopamine in a similar manner in the AA-IG and the ANA-IG groups, while the
effect of ethanol on the release of dopamine in the AA-SA group was significantly
smaller than in the AA-IG group. The results show that there was no difference
between the AA and ANA rat lines in the effect of prior intragastric ethanol treatment
on the subsequent release of dopamine by ethanol. In contrast, prior self-administration
of ethanol decreased the response to ethanol suggesting that the manner of exposure
to ethanol can alter the neurochemical reaction.

666.11

666.12

TIME-DEPENDENT EFFECTS OF ACUTE ETHANOL ADMINISTRATION ON
REGIONAL CEREBRAL BLOOD FLOW IN THE RAT. D. Lyons*. M.D. Miller.
A.M. Crane, A.A. Hedgecock, S.L. Hart & L.J. Porrino. Dept. of Physiology &
Pharmacology, Bowman Gray School of Medicine of Wake Forest University,
Medical Center Blvd., Winston-Salem, NC 27157.
The present study tested the hypothesis that the effects of ethanol administration
on brain activity depend upon the length of time following administration. A number
of reports, for example, support the assertion that the rewarding effects of alcohol
intake coincide with the ascending limb of the blood alcohol curve (BAC) and the
depressant effects coincide with the descending limb. To understand better the
neurobiology of ethanol intake, we evaluated the functional consequences of acute
administration in awake rats at 5 and 15 minutes after treatment (1.0 g/kg ethanol
or saline, ip), using the quantitative [14C]iodoantipyrine method for measurement
of regional cerebral blood flow. These time-points were chosen because, although
the 5 min point is on the ascending limb and the 15 min point is on the descending
limb of the BAC, the same blood ethanol levels exist at each point, thus reducing
potential differences related to the bioavailability of ethanol. Findings indicate that
blood flow increased at 5 min compared to controls in the olfactory tubercle,
basolateral amygdala and motor cortex, and these values returned to baseline at the
15 min time-point. Blood flow was altered at 15 min, however, in the caudate,
nucleus accumbens and hippocampus. Other brain regions were unaffected by
treatment. These data are consistent with work from this laboratory measuring the
effects of ethanol on cerebral metabolism and demonstrate that the pattern of brain
activity is different on the ascending and descending limbs of the BAC despite
similar blood levels of ethanol. (Supported by NIAAA grant AA09291)

A STRATEGY FOR ASSESSMENT OF THE CONTRIBUTION OF DOPAMINE TO
THE CHANGES IN CEREBRAL METABOLISM FOLLOWING ETHANOL
ADMINISTRATION L. Williams-Hemby* and L.J. Porrino. Bowman Gray School
of Medicine, Wake Forest University, Winston-Salem, NC 27157.
The administration of methylphenidate (3.0 mg/kg/IV), an indirect
dopaminergic agonist altered rates of local cerebral glucose metabolism as
measured by the 2-[14c ] deoxyglucose (2DG) method in structures of the

mesocorticolimbic and nigrostriatal dopamine systems including the nucleus
accumbens, olfactory tubercle, globus pallidus, entopeduncular nucleus, and
subthalamic nucleus. Although these changes occur in regions that receive
dopaminergic innervation, they cannot be directly attributed to increased
dopaminergic activity because the 2-DG method is not specific to a given
neurotransmitter system. In order to determine whether the increases in
glucose metabolism in these structures are due to increases in dopaminergic
activity, the non-specific dopamine antagonist flupenthixol was administered
in conjunction with methylphenidate to block dopaminergic activity. The
administration of flupenthixol (0.1 mg/kg/IP) 2.5 hours prior to the
administration of methylphenidate blocked these regional alterations in cerebral
metabolism. These data demonstrate the feasibility of this pharmacological
approach for the identification of neurotransmitter-specific changes in
functional activity. This strategy is also being used to examine the
neurochemical nature of the increases in glucose metabolism in the
mesocorticolimbic dopamine system observed following the oral
administration of ethanol. Supported by grants AA09346 (LJP) and AA0540001 (LWH).

666.13

666.14

DOPAMINERGIC DYSFUNCTION AS
RESIDUAL
MARKER
OF
ALCOHOLISM. A. Heinz*. S. . Kuhn, T. Sander, H. Harms,
Ll JL_ Schmidt,_ H_ Rommelspacher • Dept. of Psychiatry,
Free University of Berlin, 14050, Germany.
Alcoholics
with poor
treatment
outcome
display
reduced sensitivity
of
dopamine
receptors
before
detoxification,
compared
to
patients
with
good
treatment outcome and healthy controls (Heinz et al.,
Alc. Clin. Exp. Res. 19, 62-65, 1995) . Therefore, we
tested the hypothesis that the sensitivity of central
dopamine receptors (apomo:q?hine-induced Growth Hormone
(GH) release) corresponds to the allelic constitution
of DNA-polymorphisms of the dopamine D1 (D1.7) and D2
(TaqA) receptor genes and allows to predict treatment
outcome. Forty-seven alcohol-dependent patients were
observed for six months after detoxification. Patients
with poor treatment outcome displayed blunted GH
response compared to subsequent abstainers. In these
patients,
a
strong
correlation
between
dopamine
receptor sensitivity and the amount of chronic ethanol
consumption was found. On the other hand, GH release
and treatment outcome did not differ in patients
carrying different alleles of the examined dopamine D1
and D2 receptor gene polymorphisms. We conclude that
dopamine receptor dysfunction in alcoholics
is a
residual, not a trait marker of alcoholism.
Supported by the Deutsche Forschungsgemeinschaft
(Az He 916/7-2)

INVOLVEMENT OF D2 RECEPTORS IN THE
SUPPRESSIVE EFFECT OF THE TRH ANALOG TA0910 ON ALCOHOL INTAKE. Amir H. Rezvani*. J. C.
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Garbutt and G.A. Mason. Skipper Bowles Center for Alcohol Studies
and Dept. of Psychiatry, UNC Sch. of Med., Chapel Hill, NC 27599.
Previously, we showed that the thyrotropin-releasing hormone
analog TA-0910 dose-dependently reduces alcohol intake in alcohol
preferring (P) rats. Further, we observed cross-tolerance between TA0910 and bromocriptine in reducing alcohol intake, suggesting the
involvement of dopaminergic systems.
In the present study,
experiments were conducted to determine the neuronal mechanisms
underlying the attenuating effect of TA-0910 on alcohol intake. P rats
were injected IP with vehicle or different doses of the selective D2
antagonist S(-)-Eticlopride or the selective D1 antagonist R(+)-SCH23390 and 20 min. later with a dose of 0.75 mg/kg TA-0910 or
vehicle. Alcohol and water intake were measured every two hr. up to
six hr. and then at 24 hr. Food intake was measured at 24 hr. Neither
S(-)-Eticlopride nor R(+)-SCH-23390 altered alcohol intake alone,
however, S(-)-Eticlopride, but not R(+)-SCH-23390, dosedependently diminished the suppressive effect of TA-0910 on alcohol
intake in P rats. These data suggest involvement of D2 receptors in the
attenuating effect of TA-0910 on alcohol consumption (Supported in
part by NIAAA Grant AA07809).
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EFFECTS OF CHRONIC ALCOHOL CONSUMPTION AND AGING
ON DOPAMINE, SEROTONIN AND METABOLITE LEVELS.
M.J. Druse-Manteuffel* and J. M. Woods. Mol. Cell. Biochemistry

Dept., Loyola U Chicago, Stritch Sch. of Med., Maywood, IL
60153
The present study investigated the combined effects of chronic
alcohol consumption and aging on the concentrations of dopamine
(DA), 3,4-dihydroxyphenylacetic acid (DOPAC), serotonin (5-HT),
and 5-hydroxyindoleacetic acid (5-HIAA). These monoamines and
metabolites were quantitated in nigrostriatal and mesocorticolimbic
brain areas of 5-, 14- and 24-month-old male Fischer 344 rats.
The results of these experiments demonstrated that there were
both significant age- and alcohol-related changes in mesocorticolimbic brain areas. There was a significant age-associated decline
of dopamine, and an alcohol-associated reduction of 5-HT and 5HIAA in the ventral tegmental area. In contrast, there was an agerelated increase of 5-HT in the ventral pallidum (VP) and of 5-HIAA

in the frontal cortex, striatum, nucleus accumbens and VP. The
ratio of 5-HIAA/5-HT was increased in aged rats in several brain
areas. The noted dopaminergic and serotonergic abnormalities are
of particular interest in light of the involvement of these
neurotransmitter systems in alcohol use and abuse.
This research was supported by a grant from the USPHS AA08451 -04. J.M. Woods is the recipient of a USPHS fellowship
- F31 AA05378.
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666.16
STRAIN-DEPENDENT
SUPPRESSANT
EFFECTS
OF
DOPAMINERGIC,
SEROTONERGIC
AND
OPIOIDERGIC
AGENTS ON ALCOHOL INTAKE.
D.H. Overstreet*. A.H.
Rezvani, and A.B. Kampov-Polevoy. Skipper Bowles Center for
Alcohol Studies, UNC, Chapel Hill, NC 27599-7178.
Several strains of rats are known to consume large amounts of
alcohol voluntarily, including the Fawn-Hooded (FH) rats and the
selectively bred alcohol-preferring (P) and alcohol-accepting (AA)
rats. Neurochemical differences have been reported for these strains,
so it was predicted that they might respond differently to agents
interacting with neurotransmitter systems known to modulate alcohol
intake. Adult male FH, P, and AA rats were obtained from their
respective breeding colonies in Chapel Hill, Indianapolis, and
Helsinki and housed individually in wire mesh cages under standard
laboratory conditions. The rats had free, continous access to food,
water, and alcohol (10%, v/v).
After establishment of stable
baselines, rats were injected subcutaneously with either the dopamine
agonist bromocriptine (5 mg/kg), the serotonin-lA agonist 8-OHDPAT (0.125 mg/kg), the serotonin releaser fenfluramine (0.25-1.0
mg/kg), the opiate antagonist naltrexone (3-9 mg/kg), or vehicle at 4day intervals. The P rats exhibited a significantly greater suppression
of alcohol intake after bromocriptine, while the FH rats exhibited a
significantly greater suppression after 8-OH-DPAT. In contrast, the
AA rats were comparatively resistant to each compound. These
findings indicate that alcohol-preferring rat strains are differentially
sensitive to several drugs which suppress alcohol intake, making it
unlikely that a single pharmacological treatment will be beneficial in
all human alcoholics.

666.17

666.18

ETHANOL-INDUCED CHANGES IN ACTIVITY OF ALCOHOLPREFERRING (P) & NONPREFERRING (NP) RATS: EFFECTS OF
DOPAMINE (DA) AND 5-HT RECEPTOR ANTAGONISTS . M.J.
Lewis? T. Smith, J. Bryant, M. J. Cichelli and H.L. June. Neurobehavior
Lab, Dept of Psych, Temple Univ. Phila. PA 19119/Howard University,
Wash., D . C. 20059 & IUPUI, Ind., IN 46202
P rats, in comparison to NP and untrained randomly bred rats, orally
self-administer ethanol (E) at high concentrations (>10%) and increase
locomotor activity after parenteral and oral E. The present study examined
the effects of intraperitoneal (IP) E on open field activity in both P and NP
rats. Animals were injected with saline or E (0.25-1.0 gm/kg) and open
field (Digiscan) activity was measured at 10 and 60 min. Animals then
were injected with the DA antagonist haloperidol (0.1-0.5 mg/kg, ip), the
5-HT3 antagonist MDL72222 (0.5 - 2.0 mg/kg ip), or saline prior to
measurement of activity. NP rats showed lower activity at all E doses. P
rats showed increased activity after low doses of E at 10 min. and
depression at higher doses. Both pimozide and MDL72222 blocked the
increase in activity in P rats. Both antagonists increased the depressant
effects ofE in both lines. These data support the putative role of dopamine
and 5-HT3 receptor mechanisms in E effects on activity.
(Supported in part by AA06263 & RR08016 and Temple University)

INCREASES IN VOLUNTARY ALCOHOL CONSUMPTION IN RATS
FOLLOWING A SINGLE LARGE DOSE OF DMI. W. J. Shoemaker*. AW.
Deckel V. Scranton & L. Arky, Dept of Psychiatry, Neuroscience Program &
Alcohol Res. Clr.,Univ. of Connecticut Health Center, Farmington, CT 06030
In the course of a series of studies to examine the relationship between lesions of
the prefrontal cortex (PFC) in Wistar rats and voluntary alcohol consumption, we
report the following phenomenon. Male Wistar rats were subjected to either bilateral
aspiration lesions of the PFC, injections of 5,-7-Dihydroxy-tryptamine (5,7DHT) or
sham lesions. The 5,7DHT treatment required pre-treatment with 25 mg/kg i.p.
desmethyl-imipramine (DMI), a catecholamine uptake blocker that is commonly
given to enhance the 5,7DHT exposure to serotonergic neurons The controls for the
aspiration lesion group were not given DMI. All lesions and pre-treatments were
given during deep anesthesia induced by 65 mg/kg i.p. pentobarbital. After the
lesions, rats were placed on a 6-week, modified sucrose-fading procedure during
which they were exposed to increasing concentrations of alcohol-containing
solutions. At each concentration of sucrose (Suc) and ethanol (ETOH) including 10*%
Suc: 5%ETOH, 15% Suc: 5% ETOH, 3% Suc: 5% ETOH and 5% Suc: 10% ETOH
the control rats that had received the DMI drank significantly more ethanol (in g/kg
body weight) than the control group without DMI. The incresed drinking was not
generalized since the DMI group drank less than the controls without DMI when a
20% sucrose alone solution was tested. The rats had food and tap water available at
all times. An unusual aspect of the finding is that the increased consumption of
ethanol solutions lasted throughout the length of the study. Following the final
solution presentation, all animals were decapitated and the brains rapidly dissected.
Brain regions are analyzed for norepinephrine, dopamine and serotonin and their
metabolites to determine whether the single dose of DMI produced a measurable
change in transmitter level, (supported by NIAA P50-AA3510)

666.19

666.20

ACUTE SUPPRESSION OF ETHANOL WITHDRAWAL SEIZURES AND CHRONIC
ATTENUATION
OF
ETHANOL
INTAKE
BY
AMPHETAMINE
AND
FENFLURAMINE COMBINATION. L.Yu, H.Fisher. and G.C.Wagner*.
Depts. of Psychology and Nutritional Sciences, Rutgers
Univ., New Brunswick, NJ 08903.
Rats were rendered physically dependent on ethanol by
semivoluntary consumption of a 4.5% ethanol-containing
liquid diet. Approximately 60% of ethanol-dependent rats
underwent audio-stimulation-induced seizures nine hours
after ethanol was withdrawn. Rats exhibiting seizures had
higher dopamine and lower serotonin levels in the striatum
compared to rats not exhibiting seizures. Treatment with
amphetamine
(2 mg/kg) plus fenfluramine (8 mg/kg)
in
combination resulted in a significantly lower seizure rate
(<about 18%) in ethanol-withdrawn rats. The dependent rats
treated with amphetamine plus
fenfluramine
and not
exhibiting seizures had striatal dopamine and serotonin
concentrations in parallel with control diet rats and
dependent
rats
not
exhibiting
seizures.
Thus,
the
amphetamine plus fenfluramine combination seemed to exert
seizure-suppressing effects by decreasing striatal dopamine
while increasing serotonin levels. Finally, this same
treatment of amphetamine (2 mg/kg) plus fenfluramine (8
mg/kg), administered chronically, reduced consumption of a
5% ethanol solution while sparing the water intake during
two-bottle choice tests in both ethanol-dependent and nondependent rats. This drug combination may be beneficial
for both the
treatment of
ethanol
consumption and
withdrawal.

ETHANOL/SUCROSE AND SUCROSE REINFORCEMENT IN MULTIPLE
SCHEDULE COMPONENTS: EFFECTS OF AMPHETAMINE AND
HALOPERIDOL.
C. Slawecki, C.W. Hodge and H.H. Samson*.
The Neuroscience Program and the Department of Physiology
and Pharmacology, Bowman Gray School of Medicine,
Winston-Salem, NC 27157-1083
It is of interest to examine whether ethanolreinforcement involves the same neurobiological control
mechanisms as are other reinforcers. A multiple schedule
may provide advantages over concurrent schedules when
exploring this question.
Because multiple schedules
limit responding to the duration of each component, the
actions of various agonists and antagonists on behavior
maintained by different reinforcers can be evaluated at
similar times periods of drug action.
Six, male Long-Evans rats were trained to lever
press during a 30 min daily session for a 5% sucrose/10%
ethanol mixture presented in one 2 min component and 5%
sucrose presented in the other 2 min component of a
Multiple FR4 FR4 schedule. When responding was stable,
dose effect curves were determined twice for amphetamine
(0.0, 0.1, 0.3, 1.0 and 3.0 mg/kg) and then twice for
haloperidol (0.0, 0.1, 0.25, 0.5 and 1.0 mg/kg).
Responding in the sucrose/ethanol components was
approximately 50% greater than during sucrose components.
Amphetamine, at 1.0 mg/kg or greater reduced responding
in both components, with a greater effect during the
second determination.
Haloperidol had an equal effect on
responding in both schedule components, reducing
responding at 0.3 mg/kg or greater.
Tolerance to
haloperidol was observed on the second determination of
the dose effect curve.
Dopaminergic processes appear to
be involved for both reinforcers and tolerance to the
antagonist resulted from multiple injections.
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INVOLVEMENT OF CENTRAL BUT NOT PERIPHERAL NICOTINIC
ACETYLCHOLINE RECEPTORS IN THE DOPAMINE ACTIVATING AND
REINFORCING EFFECTS OF ETHANOL. O. Blomqvist*. J.A. Engel and B.
SOderpalm. Inst. of Physiology and Pharmacology, Dept. of Pharmacology.
GOteborg University. Medicinaregatan 7, S-413 90 Goteborg. Sweden.
We have previously shown that mecamylamine (1.0 mg/kg i.p.), a blood brain
barrier penetrating antagonist at the nicotinic acetylcholine receptor (nAChR),
completely blocks ethanol-induced (2.5 g/kg i.p.) dopamine (DA) overflow in the
nucleus accumbens in Wistar rats, as measured by in vivo microdialysis.
Mecamylamine also decreased voluntary ethanol intake in high-preferring but not
low-preferring rats. classified after a prc-experimental screening period in a free
choice situation between an ethanol solution (6% v/v) and water. Hence. we
hypothesized that ethanol's DA releasing effect. which may be of importance for
its reinforcing effect. is mediated via activation of central nAChR. perhaps
through a direct ethanol-nAChR interaction. Involvement of peripheral nAChR
could. however. not be excluded.
In the present study. hexamethonium. a nAChR antagonist which does not
penetrate the blood brain barrier was used in order to elucidate the possible
involvement of peripheral nAChR in the previous findings. Hexamethoniumchloridc was administered (10 mg/kg i.p.) 20 minutes prior to ethanol (2.5 g/kg
i.p.). and DA overflow in the rat nucleus accumbens was measured by in vivo
microdialysis. Although dialysis probe insertion might cause a discrete blood
brain barrier defect resulting in hexamethonium diffusion into the brain. no
antagonism of ethanol-induced DA overflow was observed. Furthermore.
hexamethonium treatment did not alter ethanol drinking behavior in highpreferring or low-preferring rats. In conclusion. unless mecamylamine and
hexamethonium display significant pharmacodynamic differences in addition to
their pharmacokinetic differences. peripheral nAChR are not likely involved in the
DA activating and reinforcing effects of ethanol.
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667.2

ANTIPSYCHOTIC DRUGS’ MECHANISMS OF ACTION: INTERACTIONS AT
THE NMDA RECEPTOR. T.I.Lidsky*. E.Yablonsky-Alter. L.Zuck. S.P.

CHANGES IN STARTLE. EVOKED POTENTIALS. SPEM.
SUSTAINED ATTENTION AND NEGATIVE SYMPTOMS
FRAME
A
"THERAPEUTIC
WINDOW"
FOR
NEUROLEPTICS K.A. Young*.. M.D. Brady. C. Poche .and . P.B.

Banerjee. Inst. for Basic Research. Staten Island. New York 10314.

Glutamatergic dysfunctions have long been implicated in
psychosis. Based on this consideration. the present study of
antipsychotic drug interactions with the NMDA receptor was
undertaken. In cortical tissue extensively washed to reduce residual
levels of glutamate and glycine. [3H]MK-801 binding is minimal.
However. addition of either ligand at non-saturating concentrations
increases ionophore opening resulting in a two- to threefold
enhancement of pH]MK-801 binding and is thus commonly used as a
functional assay of NMDA activity. Addition of either
chlorpromazine, thioridazine. haloperidol or clozapine all further
increased the already elevated [3H]MK-801 binding caused by either
glutamate and/or glycine. This effect was prominent at drug
concentrations similar to that found in schizophrenic patients’ plasma
water or CSF when antipsychotic efficacy is achieved. At higher
concentrations inhibition of NMDA activity was seen for all drugs.
Augmentation at low and inhibition at higher concentrations was
confirmed in electrophysiogical studies of glutamatergic transmission
in the striatal slice preparation. These data. consistent with partial
agonism. suggest that a unique action at glutamate synapses
contributes to antipsychotic efficacy and further implicate
glutamatergic dysfunction in the etiology of schizophrenia.

Hicks. Department of Psychiatry and Behavioral Science. Texas A&M
University Health Science Center. Scott & White Clinic and the Waco
VAMC Neuroscience Laboratory. Waco. Texas 7671 J.
The influences of different doses of chronic neuroleptic medication on
multiple information processing behaviors and on clinical symptoms were
determined in long-term schizophrenic subjects with a cross-sectional
design. A multidimensional information processing battery and standard
CPT and WCST exams were administered in a one hour session. Inverted
U-shaped neuroleptic dose-response curves were observed for startle
prepulse inhibition deficit. NJ00/■P200 evoked potential gating deficit and
P200 evoked potential latency.
U-shaped curves with minima
corresponding to the peaks of the inverted curves were observed for
negative symptoms and PANSS symptoms of anergia. Similarly shaped
curves may also be present for the Continuous Performance Task. smooth
pursuit eye movement and delta EEG activity. Dose-related changes in
positive symptoms occurred only at low chronic neuroleptic doses. The
dose-related correlation of low levels of negative symptoms and maximal
changes in information processing suggestive of dopaminergic hyperactivity
provides indirect evidence that moderate doses of neuroleptics may have an
action to increase the availability of forebrain dopamine. The low dose
suppression of positive symptoms, and the high dose reversal of moderate
dose improvements in negative symptoms lends support to the concept that
classical neuroleptics have a "therapeutic window" that is framed by positive
symptom remediation at low doses and deterioration of negati ve symptoms
and information processing behaviors at high doses.

667.3

667.4

CLOZAPINE INCREASES EXTRACELLULAR DOPAMINE IN THE
RHESUS MONKEY PREFRONTAL CORTEX. K.D. Youngren*.
F.M. Inglis. H.P. Jedema. PJ. Pivirotto. . J Bagley. C.W. Bradternx,
B.S. Bunney. P.S. Goldman-Rakic. R.H. Roth and B. Moghaddam.
Neuroscience Program. Depts. of Psychiatry and Pharmacology. and
Sect. of Neurobiology. Yale Univ. Sch. of Med.. New Haven. CT
06510. and VA Med. Center. West Haven. CT 06516.
The effects of clozapine and haloperidol on extracellular levels of
dopamine were examined in cortical and subcortical regions of the rhesus
monkey brain using intracerebral microdialysis. MRI-directed stereotaxic
surgery was used to implant guide cannulae in three young adult male
animals. Microdialysis probes were lowered into discrete brain regions
through the guide cannulae while animals were under isoflurane gas
anesthesia. Several dopamine-terminal-containing cortical regions were
examined. These include: dorsolateral prefrontal cortex (Brodmanns
area 46). medial prefrontal cortex (areas 8 and 9). and premotor cortex
(area 6). Subcortical regions examined include the caudate and putamen.
Basal extracellular levels of dopamine were reliably measured in all of
these discrete brain regions. A stable baseline in extracellular dopamine
was established for a minimum of one hour before drug administration.
Clozapine (2 mg/kg i.v.) produced a significant increase in extracellular
levels of dopamine in all brain regions examined. both cortical and
subcortical. Haloperidol (0.2 mg/kg i.v.). in contrast. produced little or
no change in extracellular dopamine levels in cortical regions or in the
caudate. These results provide evidence in the non-human primate that
acute administration of the atypical antipsychotic drug clozapine exerts a
potent effect on cortical dopamine systems in comparison to the typical
drug haloperidol. Supported in part by USPHS Award MH-44866.

MODIFICATION OF CLOZAPINE-ELICITED FOS EXPRESSION IN THE
PREFRONTAL CORTEX AFTER BASOLATERAL AMYGDALA LESIONS.
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D. S. Cameron; C. D. Young, and A. Y. Deutch. Departments of
Psychiatry and Pharmacology, Yale University School of Medicine, New
Haven, CT 06508 and the VA Medical Center, West Haven, CT 06516.
Administration to rats of the atypical antipsychotic drug clozapine
results in a marked increase in the expression of the immediate-early gene
c-fos or its protein product Fos in the medial prefrontal cortex (PFC).
Administration of other antipsychotic drugs (APDs) does not induce Fos
expression in the PFC. The mechanisms underlying the selective effect of
clozapine on PFC Fos expression is not well understood, but D2-like, Dr
like, 5-HT2a2c
and muscarinic cholinergic receptors do not appear to
be critical factors. We attempted to determine if lesions of key afferents
to the PFC modify the cortical Fos response to clozapine. Lesions of the
thalamic paraventricular nucleus, which projects to the deep layers of the
infralimbic and prelimbic cortices, did not modify the clozapine-elicited
increase in PFC Fos expression, as assessed by immunoblots. However,
lesions directed at the basolateral nucleus of the amygdala enhanced Fos
expression in the PFC in response to clozapine ' challenge. The
mechanisms subserving the modification of the cortical Fos response to
clozapine are currently being examined. Supported in part by MH-45124,
the VA Schizophrenia and Post-Traumatic Disorder Research Centers,
and the National Parkinson Foundation Center of Excellence at Yale
University.
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DISCRIMINATIVE STIMULUS PROFILE OF CLOZAPINE, OLANZAPINE AND
CHLORPROMAZINE IN MIANSERIN AND SCOPOLAMINE TRAINED RATS.
B. M. Kelley, J. H. Porter* and S. A. Varvel. Dept. of Psychology, Virginia
Commonwealth University, Richmond, VA 23184-2018.
The atypical antipsychotic clozapine (CLZ), the typical antipsychotic
chlorpromazine (CPZ), and the putative atypical antipsychotic olanzapine
(OLZ) were tested in rats trained to discriminate the serotonergic (5-HT)

THE INFLUENCE OF HALOPERIDOL ON THE PEAK VELOCITY
OF HORIZONTAL AND VERTICAL SACCADES. B. Guldin . J
Heermann and W. Poewe (Spon: European Neuroscience
Association).
Virchow-Klinikum
der
Humboldt-Universitat,
Neurologie, 13353 Berlin, Germany.
Metoclopramide and haloperidol may cause oculogyric crises
in susceptible patients. We were interested in their influence on
horizontal and vertical saccades in order to determine the
qualitative or quantitative nature of such crises. In a pilot study
(open design) three healthy male volunteers (23-28 years old)
received metoclo-pramide 10 mg tid. Eye movement registration
with infrared oculography was done before the application of the
test substance, seven hours, and 22 hours after the first dose (six
hours past the third dose). In two of the subjects the horizontal
and vertical saccades were all slower at the third measurement
compared to baseline. In the second pilot study five healthy male
volunteers received haloperidol 2 mg tid in a double-blind
placebo-controlled design. The protocol of eye movement
registration is described above. Four of the volunteers had slower
saccadic peak velocities for horizontal and vertical saccades after
the ingestion of haloperidol compared to placebo.
D2-antagonists probably decrease the peak velocity of saccades
unspecifically through their sedating effects. Regarding the
oculogyric crises our suggestion is that there is no specific path
of action of d2-antagonists on vertical eye movements and that
the tendency of some patients to develop oculogyric crises on
these drugs is due to differences in density and proportion of
receptor-subtypes.

antagonist mianserin (MIA, 4.0 mg/kg) from saline and in rats trained to
discriminate the muscarinic antagonist scopolamine (SCP, 0.25 mg/kg) from
saline. CLZ produced full substitution in the MIA-trained rats with 87.5% druglever responding (DLR, 1.25 mg/kg dose) and partial substitution in the SCPtrained rats with 60.9% DLR (5.0 mg/kg dose). The 2.0 mg/kg dose of CPZ
produced partial substitution in the MIA-trained rats (58.5% DLR), but did not
substitute for SCP (18.9% DLR). OLZ produced a substitution profile
intermediate between CLZ and CPZ. The 1.25 mg/kg dose of OLZ produced
66.8% DLR in the MIA-trained rats and 36.0% DLR in the SCP-trained rats.
The selective 5-HT2A/2C antagonist ritanserin produced complete substitution in the MIA-trained rats (98.4% DLR, 5.0 mg/kg dose) but did not substitute for SCP (25.0% DLR, 2.5 mg/kg dose). Interestingly, there was an
asymmetrical cross-generalization between MIA and SCP. While MIA failed to

produce SCP-appropriate responding.SCP produced 88.0% DLR in the MIAtrained rats. The present results demonstrated that the two-lever drug
discrimination paradigm reveals different profiles for the atypical antipsychotic
clozapine and the typical antipsychotic chlorpromazine in both MIA- and SCP-

trained rats. The putative atypical drug olanzapine produced a discriminative
stimulus profile intermediate between that of CLZ and CPZ. Testing with
other typical and putative atypical antipsychotics will be necessary to establish
the predictive validity of this behavioral screen for atypical antipsychotics.

667.7

667.8

ATYPICAL BEHAVIORAL EFFECTS OF CHRONIC
CLOZAPINE TREATMENT IN THE RAT ARE NOT
ELIMINATED BY SEROTONIN DEPLETION G.E. Jaskiw* &

REFLEX COMPONENTS IN WRIST ROTATION OF CLOZAPINETREATED SCHIZOPHRENICS. P.B. Vrtunski*. P.E. Konicki.
G.E.Jaskiw. M.Simon and K.Y. Kwon. Cleveland VAMC and Department
of Psychiatry, CWRU School of Medicine, Cleveland, OH 44141.
Several reports have suggested that the atypical antipsychotic drug clozapine (CLOZ) may have an adverse effect on various motor tasks including
eye-movements, reaction time response or submaximal force maintenance.
In all of these studies, tasks relied on voluntary movements and considerable attentional effort on the part of the subject. The intent of this study was
to establish whether similar clozapine-induced deficits in motor control can
be observed in outputs with minimized voluntary, and maximized unpredictable aspects of response. Ten chronic schizophrenics, tested before and
after initiation of clozapine treatment, were compared to seven normal
controls. The method included subject's holding a handle in vertical position and "matching" a target light with the handle-position light. At random
intervals, supinating or pronating stimuli, 0.5 s long, of two different intensities, were applied to the handle. Handle movement was controlled by a
torque motor and its position was read by an optical (5 pulses/degree)
encoder. Resistance to handle movement was obtained from tracings during
torque-stimuli (time-integral-of-force). Three findings were made: (a)
Reflex response to handle movement readily discriminates normal subjects
from those with schizophrenia (most likely due to medication induced rigidity). (b) Initiation of clozapine does not abolish the observed rigidity. (c)
Clozapine attenuates resistance to torque-stimuli several-fold (F(l,6) =
16.75, p < 0.01). We conclude that reflex response to kinetic stimuli may
provide important information regarding the motor mechanisms and antipsychotic medication. (Supported by the Veterans Administration and
USPHS grant MH-46630)

Vrtunski Psychiatry Service, Cleveland VAMC (541), Brecksville, OH

44I4I and Dept of Psychiatry, Case Western Reserve University,

Cleveland, OH 44106.
Rats withdrawn from chronic treatment with clozapine (CLOZ)
(in contrast to haloperidol (HAL)) do not show an augmentation of
higher order stereotypies (gnawing, biting) after apomorphine (APO)

challenge. It has been postulated that some of CLOZ's atypical effects
are mediated via serotonin (5HT) systems. To test the latter, 5HT
depletion was achieved in rats by infusing 5,7-dihydroxytryptamine icv,
after pretreatment with nomifensine and desipramine. After a 28d
recovery period, groups of SHAM and 5HT depleted animals were
assigned to a 2Id course of treatment with VEH, HAL I mg/kg/d or

CLOZ 20 mg/kg/d in drinking water. After a 3d withdrawal period,
animals, were challenged with APO 0.75 mg/kg SC and monitored for
90 min. Brain regions were assayed for monoamines. As anticipated
HAL but not CLOZ pretreated animals showed an increase in biting

behaviors and a reduction in time spent being stationary. Differences

between HAL and CLOZ treated rats persisted despite a high and

selective degree of 5HT depletion. Our data suggest that at least some
of CLOZ's preferential actions on mesolimbic DA systems do not
depend on an intact central 5HT system. Supported by VAMC grant.

667.9

667.10

CLOZAPINE AND FORCE CONTROL DECLINE AT TREATMENT
INITIATION OF SCHIZOPHRENICS. P.E. Konicki*. G.E. Jaskiw.
K.Y.Kwon. M.Simon and P.B. Vrtunski. Cleveland VAMC and Department of Psychiatry, CWRU School of Medicine, Cleveland, OH 44141.
In evaluating the effects of antipsychotic drugs on force control (FC) we
recently demonstrated that clozapine (CLOZ) treatment is associated with a
reduction in voluntary movement control; this effect did not appear to be
related to pre-existing patient characteristics, but rather to clozapine treatment per se (Soc.Neurosci.Abstr., 20: 854, 1994; submitted). Since CLOZ
treatment is usually initiated by a titration from 12.5 mg/d to about 450
mg/d over 3-4 weeks, we now present a study of the relationship between
CLOZ dose and the decline in force control. The FC task consisted of 42
10-second long trials in which the patient was instructed to match a target
light with a response light. The response consisted of patients' index-finger
pressure on a force-sensitive button. There were 7 targets of increasing
force (20 to 480 centiNewtons), each presented 6 times. The steadiness of
force maintenance was the dependent variable. In seven cases studied so
far, force control variability increased in all patients, from the pre-treatment mean of 2.51 (±_0.53) to 3.10 (±0.69) reached at the mean daily dose
of 410 mg/day. The paired t-test indicated the difference to be significant (t
= 3.40, p < 0.02). The dose - response relationship, however, was not
linear: in two patients the FC decline was a positively accelerated function
of dose increase; in another patient a maximum FC decline was recorded at
lower dose (150 mg/day), probably due to a strong sedative effect. We
conclude that force control analysis may be useful both for establishing
dose-response function of clozapine, and for more precise understanding of
individual differences in response to this antipsychotic agent. (Supported by
the Veterans Administration and USPHS grant MH-46630)

THE EFFECT OF CLOZAPINE ON FOS PROTEIN IMMUNOREACTIVITY IS NOT MIMICKED BY THE ADDITION OF a 1ADRENERGIC OR 5HT RECEPTOR BLOCKADE TO
HALOPERIDOL T. Specht Ludvigsen. Niels Korsgaard. Peter
Kristensen* and A. Fink-Jensen. Health Care Discovery, Novo
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Nordisk A/S, Novo Nordisk Park, DK-2760 MAIev, Denmark
The involvement of a 1-adrenergic or 5HT2-receptor blockade
in the atypical profile of clozapine was investigated in the rat by
use of Fos protein immunoreactivity, a technique, which has been
used to identify the anatomical substrate underlying the effects
of typical and atypical neuroleptics. Clozapine (20 mg/kg) induced
a significantly higher Fos protein immunoreactivity response in the
prefrontal cortex and significantly lower response in the dorsolateral striatum compared to the effect of haloperidol (1 mg/kg).
Prazosin (0.3 and 1 mg/kg) and ritanserin (1 and 3 mg/kg) did not
increase Fos protein immunoreactivity by themselves and did not
mimic the clozapine response when co-administered with
haloperidol (1 mg/kg). Consequently, the present study does not
suggest, that the a 1-adrenergic receptor blockade or the 5HT2receptor blockade exclusively accounts for the atypical profile of
clozapine compared to haloperidol.
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667.12

LOW-DOSE SLOWING OF RATS' LAPPING RHYTHM AS A
POTENTIAL MARKER FOR ATYPICAL NEUROLEPTICS.
S.C. Fowler* and S. Das. Dept. of Human
Development, Univ. of Kansas, Lawrence, KS
66045.
The acute behavioral effects of the atypical
neuroleptic clozapine (0.5-4.0 mg/kg), were
compared with those of olanzapine (0.25-2.0
mg/kg) and risperidone (0.04-0.08 mg/kg).
As
thirsty rats (n=29) lapped water from a forcesensing disk, the force of tongue contact was
continuously recorded and then Fourier analyzed
to yield estimates of the lick rhythm (in
Hertz).
All three drugs significantly, and
dose dependently reduced the lick rhythm, and
the lowest dose of each drug had this effect
even when the total number of licks per 2-min
session was not significantly reduced.
Neither
the typical neuroleptic haloperidol nor the
selective D2 dopamine receptor antagonist
raclopride produced this slowing effect.
The
doses producing half the maximal effect on
rhythm slowing for risperidone, olanzapine, and
clozapine were 0.06, 0.55, and 1.16 mg/kg,
respectively.
The rank order of potencies
suggested a serotonin-2 receptor involvement in
the slowing of lick rhythm.
Supported by
MH43429.

ATYPICAL PROFILE OF THE ANTIPSYCHOTIC CANDIDATE BW1205U90 IN
A PRIMATE SOCIAL COLONY MODEL FOR SCREENING ANTIPSYCHOTIC
AGENTS. R.F. Schlemmer*, J.E. Young, C.K. Fleming, D.J. McGinnessGrimes, and J.M. Davis. University of Illinois at Chicago, Chicago, IL 60612.
BW1205U90, ((+7-)-cis-2-(4-(4-H ,2-benzisothiazol-3-yl)-1 -piperazinyl) butyl) 4A,5,6,7,8,8A-hexahydro-1(2H)-phthalazinone HCI), has been identified as a
potential atypical antipsychotic drug (AP) (Rigdon and Norman, Neurosci.Abs.
20:1639, 1994). It binds to 5-HT2 sites with greater affinity than to D2 and has
appreciable affinity for the 5-HT1A and a,-NE sites. This study assessed the
behavioral effects of BW1205 alone and with apomorphine (Apo) in a nonhuman primate screening model for AP. Four females from a colony of 5
stumptail macaques (Macaca arctoides) were assigned to 2 treatment groups
of 2 females each. After determining baseline behavior, each group received
drug treatment for 2 days/week in a cross-over design. First, Apo was given
alone, 1 mg/kg, i.m. at 1045 for 2 days. Then, 5 escalating doses of BW1205,
0.1 -3.0 mg/kg n.g. were given at 0800 and 1630 on Day 1 and at 0800 on Day
2. Two 1 hr observation sessions were conducted at 0930 and 1100 each day
to observe the effects of BW1205 alone and with Apo respectively. On Day 2
of treatment BW1205 produced a dose-dependent antagonism of the Apoinduced increase in submissive gestures given by treated monkeys and
checking (visual scanning). However, BW1205 failed to robustly antagonize
Apo-induced stereotypy and produced only low levels of movement abnormalities at doses > 1 mg/kg when given alone. Antagonism of increased submissiveness and checking is similar to known AP. The more than 10-fold separation between antagonist dose vs. movement disturbance threshold dose and
weak antagonism of stereotypy is comparable to clozapine. Thus, the
behavioral profile of BW1205 in primates is consistent with that of an atypical
AP. (Funded by a gift from Burroughs-Wellcome, Research Triangle Park, NC).

667.13

667.14
MUSCARINIC m4 RECEPTOR AGONISM BY ATYPICAL BUT
NOT TYPICAL ANTIPSYCHOTICS. X , P. Zeng . F. Le, I. Scarisbrick*
and E. Richelson. Neuropharmacology Laboratory, Mayo Clinic
Jacksonville, Jacksonville, FL 32224
The muscarinic m4 receptor agonist effects of clozapine as recently
reported by Zorn et al., 1994, may be related to its therapeutic and side
effects as an antipsychotic drug (Tandon & Kane, 1993). We have further
examined the effect of a group of neuroleptics on forskolin-stimulated cyclic
AMP accumulation in Chinese hamster ovary cells (CHO) expressing human
m4 receptors to determine the possible relationship between m4 agonism
and their pharmacological efficacy. Comparable to carbachol, at 1 pM, all
the atypical neuroleptics tested - clozapine, olanzapine, fluperlapine,
rilapine and tenilapine - caused a 20 to 50% inhibition of forskolin (500
pM)-stimulated increase of cAMP. These effects were totally reversed by
pretreatment with 10 pM atropine. In contrast, a series of typical
neuroleptics - chlopromazine, flupherazine, molindone and thiothixene - did
not show the inhibition. In addition, none of the drugs tested caused a
significant change in the basal concentration of cAMP. Therefore, m4
receptor agonism appears to be a common mechanism for atypical
antipsychotic drugs, which may explain differences in the therapeutic
efficacy and side effects between atypical and typical drugs. (Supported by
Mayo Fdn. And USPHS Grant MH27692)
Tandon, R. & Kane, J.M. Arch. Gen. Psychiatry 50:158, 1993.
Zorn, S.H. et al. Eur.J.Pharmacol. 269:Rl-2, 1994.

DOPAMINE D3 RECEPTORS MEDIATE CLOZAPINE-INDUCED C-FOS
EXPRESSION IN THE FOREBRAIN. N, Guo*. S.R. Vincent and H. C. Fibiger,
Div. of Neurological Sciences, Dept. of Psychiatry, Univ. of British Columbia,
Vancouver, B.C., Canada V6T 1Z3
The atypical antipsychotic clozapine produces a unique pattern of c-fos
expression in the forebrain. While the .receptor mechanisms by which this occurs
are not well understood, there is some evidence to suggest that D2-like receptors
may be involved. To determine if D3 receptors contribute to clozapine's effects on
regional c-fos expression, in situ hybridization histochemistry with a cDNA
oligonucleotide probe was used to identify cells that synthesize D3 receptor mRNA.
Consistent with previous studies, D3 receptor mRNA was enriched in the islands

of Calleja (IC). In addition, a moderate density of D3 mRNA signal was observed
in the lateral septum (LS). Fos-immunostaining combined with in situ
hybridization histochemistry demonstrated that most clozapine-induced Fospositive neurons in the IC express mRNA encoding D3 receptors, and that the
majority of Fos-positive neurons in the LS and nucleus accumbens (NAc) contain
D3 receptor mRNA. Further studies with oligonucleotide probes for enkephalin
and dynorphin mRNA demonstrated that in the NAc and LS, .some Fos-positive
neurons express enkephalin mRNA and some contain dynorphin mRNA. In the
IC, many Fos-positive neurons express dynorphin while very few express
enkephalin mRNA.
A previous study has demonstrated that clozapine-induced c-fos expression in the
NAc, IC and LS is blocked by D3 receptor agonists, suggesting that clozapine's
effects in these regions are due to its antagonist actions at D3 receptors (Neurosci.
65, 3: 747). The co-localization of D3 receptor mRNA and Fos protein following
clozapine administration in limbic brain neurons is consistent with this hypothesis.

667.15

667.16

CLOZAPINE (CLOZ) PLUS SKF38393 STIMULATES THE ACTIVITY OF
DOPAMINE (DA)-DEPLETED RATS. D. M. Jackson. N. Mohell. A. Bengtsson. C. Wallsten* and A. Malmberg. Depts of Behavioural and Biochemical
Pharmacology, and Molecular Pharmacology, Astra Arcus AB, Preclinical R &
D, S-151 85, Sodertalje, Sweden.
The aim of the present experiments was to investigate the locomotor stimulant
effects of the atypical antipsychotic agent CLOZ in rats depleted of their DA by
reserpine and a-methyl-p-tyrosine pretreatment. CLOZ itself induced a slight
but non-significant activation which was enhanced by the addition of the selective Di agonist SKF38393 but not by the selective D2 agonist quinpirole. The
activation produced by CLOZ plus SKF38393 was partially blocked by the Di
antagonist SCH23390, while the D2 antagonist, haloperidol, was ineffective. A
combination of SCH23390 and haloperidol completely blocked the CLOZ plus
SKF38393 induced locomotion. Unlike the effect seen with CLOZ, neither the
5-HT2 antagonist ritanserin nor the D antagonists haloperidol and remoxipride
caused locomotor activation when given alone or in combination with SKF38393. d-Amphetamine was inactive in the monoamine depleted rats indicating that no DA was available for release by d-amphetamine. The muscarinic
antagonist scopolamine was inactive, but produced marked stimulation when
combined with SKF38393 but not with quinpirole. This stimulation was not affected by haloperidol, nor was it completely blocked by SCH23390 alone or by
the combination of haloperidol and SCH23390. The data indicate that CLOZ, in
rats depleted of their DA stores, exhibits properties like those of a DA agonist.
The pharmacology of this behavioural stimulation was similar, but not identical,
to that seen with the muscarinic antagonist scopolamine. The DA agonist like
behavioural effects of CLOZ reported here may therefore be due in part to a
muscarinic receptor antagonist like effect.

ANTAGONISM OF PCP-INDUCED DEFICITS IN PREPULSE INHIBITION
BY OLANZAPINE. VP. Bakshi* and M.A. Geyer. Dept. of Neuroscience,
UCSD, La Jolla, CA 92093.
Presentation of a weak stimulus (the prepulse) immediately prior to an intense
startling stimulus (the pulse) results in an attenuation of the startle response to the
pulse. This phenomenon of prepulse inhibition (PPI) is thought to be a measure of
sensorimotor gating mechanisms, which are deficient in schizophrenia patients.
PPI is disrupted in schizophrenia patients and in rats, PPI is disrupted by the
psychotogenic noncompetitive n Md A antagonists phencyclidine (PCP) and
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dizocilpine (MK-801). Reversal of PCP- and MK-801-induced deficits in PPI is
produced by the atypical antipsychotic clozapine, but not by traditional
neuroleptics. Olanzapine is a putative atypical antipsychotic that shares many
pharmacological and pre-clinical behavioral characteristics with clozapine. The
purpose of the present investigation was to determine if olanzapine would also
reverse PCP- and MK-801-induced disruptions in PPI. Rats were treated with either
1.25, 2.5, 5.0 or 10.0 mg/kg of olanzapine (i.p.) or saline and then treated with
PCP (0 or 1.5 mg/kg, s.c.). In a second study, separate groups of rats were given
either saline or olanzapine (10.0 mg/kg, i.p.) followed by MK-801 (0 or 0.1
mg/kg, s.c.). After drug administration, animals were placed into startle chambers.
PCP and MK-801 dramatically reduced PPI. Olanzapine by itself did not affect PPI,
but did antagonize both the PCP- and MK-801-induced deficits. Effects on PPI were
independent of changes in baseline startle amplitude. Finally, olanzapine accelerated
habituation of the startle response to repeated tactile stimuli. These results provide

further evidence for the functional homogeneity of olanzapine and clozapine.
Studies to determine the mechanisms underlying these effects are in progress.
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INTRA - ACCUMBENS CLOZAPINE AND HALOPERIDOL ENHANCE
LATENT INHIBITION IN RATS. L.A. Dunn* and R.J. Scibilia.
Department of Psychiatry, Duke University Medical Center, Durham,
North Carolina 27710.
Latent inhibition (LI) is an indirect behavioral measure of selective
attention that is sensitive to dopaminergic and serotonergic receptor
modulation. Haloperidol enhances LI across a broad dose range. Clozapine
enhances LI only at very low doses ( 0.1 and 0.3 mg/kg) and reduces LI at
moderate (3.0 mg/kg) doses (Dunn and Scibilia, Soc. Neurosci. Abstr., 20:1,
226, 1994). The anatomic locus of these effects is being explored. SpragueDawley rats weighing 150-175 grams were fitted with bilateral
chronically indwelling canulae located just above either the nucleus
accumbens (coordinates from bregma: A=2.2 mm, L=±1.5 mm, V=-7.2 mm,
head 5° above intraaural line), or the amygdala (coordinates from bregma:
P=-0.3mm, L=±4.3 mm, V=-8.1mm, head 5° above intraaural line). Six days
following surgery rats were started in a LI measurement procedure
published previously (Dunn et al., 1993, Psychopharmacology, 112:315323). This consisted of 4 days of lick training, 1 day of preexposure (20 or 0
light stimuli) and conditioning (2 light, shock pairings), and 1 day of
testing. Haloperidol, 50 ng in 1 gl, or clozapine 1 gg in 1 gl was
administered once 2 minutes prior to preexposure. Vehicle was 0.3% w/v
tartaric acid pH adjusted to 6.8. Haloperidol enhanced LI in both the
nucleus accumbens (p<0.02) and the amygdala (p<0.025). Clozapine
enhanced LI in the nucleus accumbens (p<0.05), but reduced LI in the
amygdala (p<0.05). The divergent effects of clozapine in these nuclei is
likely due to a differential sensitivity to 5-HT2a/c antagonism.
(Supported by NIMH #47503)
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CONTRASTING EFFECTS OF CHRONIC CLOZAPINE, SEROQUEL
AND HALOPERIDOL ADMINISTRATION ON AFosB EXPRESSION IN
THE FOREBRAIN F. Ansari*. Y. Nakabeppu2 and G.S. Robertson1 Dept.
of Pharmacology! University of Ottawa, Ottawa, Ontario, Canada, K1H
8M5. Dept. of Biochemistry2, Medical Institute of Bioregulation, Kuyshu
University 69, Fukuoka 812, Japan.
We have recently demonstrated that specific neuroanatomical patterns of
increased Fos-like immunoreactivity (FLI) are predictive of atypical
antipsychotic activity. However, the fact that neuroleptics must be
administered chronically in order to generate both extrapyramidal side
effects (EPS) and an optimal therapeutic response calls into question the
relevance of acute changes in FLI for these slowly developing events. In
resolution of this problem, we have discovered that the immediate-early
gene product AFosB is expressed in neurons activated by chronic alterations
in dopaminergic neurotransmission. Chronic administration of typical and
atypical neuroleptics may therefore produce distinct patterns of AFosB
expression that can be used to identify such compounds and their neuronal
targets. To test this hypothesis, we compared the effects of chronic
haloperidol, clozapine and seroquel administration on AFosB-like
immunoreactivity (AFosB-LI) in the rodent forebrain. Administration of
haloperidol (2 mg/kg/day) for 19 days dramatically elevated AFosB-LI in
both the dorsolateral and ventral striatum. In contrast, administration of
either clozapine (20 mg/kg/day) or seroquel (10, 20 mg/kg) for 19 days
elevated AFosB-LI primarily in limbic regions such as the prefrontal cortex,
ventral striatum and lateral septal nucleus. These patterns of chronically
increased AFosB-LI are similar to those observed acutely for FLI suggesting
that AFosB may be a relevant maker for neuronal populations activated by
prolonged neuroleptic administration.

PRIMATES INCLUDING HUMANS

668.1

668.2

VARYING THE TRACE INTERVAL IN EYEBLINK CONDITIONING
IN YOUNG AND AGING HUMANS. M.C. Carrillo*. C.T. Fitzpatrick & LEDisterhoft. CM Biology, Northwestern University Med. Sch, Chicago, IL.
Eyeblink conditioning has been used extensively to investigate the neural
substrates of associative learning. Recent studies have found the effects of age and
interstimulus interval in delay conditioning to change over life span (Solomon, et al.,
1991). Other studies of trace conditioning have found nonoptimal interstimulus
intervals (Woodruff-Pak et al., 1991). Our goal was to determine an optimal trace
interval in the eyeblink conditioning paradigm for young and aging subjects, and
subsequently test medial temporal lobe amnesics and Korsakoff amnesics with the
optimal interval.
Younger (n=32, 20-38 yrs) and older (n=32, 60-75 yrs) humans were randomly
assigned to one of four trace intervals: 250, 500, 750, and 1000 ms. Eyeblink
conditioning involved the presentation of an 85 db, 100 ms, 3 kHz tone, followed after
a silent trace interval by a 100 ms, 3-6 psi comeal airpuff sufficient to elicit reliable
unconditioned responses. Sessions consisted of 30 pseudoconditioning trials (unpaired
tone and puff presentations), 60 conditioning trials, and 30 tone-alone extinction trials.
A correction method was used to eliminate responses that could contaminate data,
including voluntary or alpha responses and random blinks.
No aging difference in mean percent conditioned responses was observed for the 250
ms ISI, Young=32.6%, Aging=32.1%. Significant aging differences were found for
the remaining three intervals: 500 Young=55.8%, Aging=29.3; 750 Young=34.6%,
Aging=16%; 1000 Young=21.8%, Aging=10.7 (p<.05). These data suggest that the
trace eyeblink conditioning interval which resulted in the highest conditioning
performance for young and aging humans was 500 ms. Having an optimal trace
interval for young, as well as aging subjects is relevant when testing patient populations
which vary in age. Currently, medial temporal lobe and Korsakoff amnesics are being
tested using the 500 ms trace eyeblink conditioning paradigm. Supported by AG
08796 to JFD, GM 17223-01 to MCC, RR-00048 to CRC NMH.

A COMPARISON OF CLASSICAL EYEBLINK AND HEART RATE
CONDITIONING IN YOUNG AND OLD HUMAN SUBJECTS AND
THIER RELATIONSHIP TO OTHER COGNITIVE TASKS. Samantha
Walker, Janet Hunt. S.L. Buchanan* & D.A. Powell. VA Medical
Center and the University of South Carolina, Columbia, SC 29208.
Young (28-35 yrs.) and old (60-80 yrs.) human subjects received
a single session of Pavlovian conditioning using a 500 msec tone as
the conditioned stimulus and a 100 msec corneal airpuff as the
unconditioned stimulus.
Eyeblink and heart rate conditioned
responses were recorded. A number of other cognitive tests were
also administered to determine the relationship between Pavlovian
conditioned EB and HR responses and other kinds of cognitive
tasks. Age-related deficits in both EB and HR conditioning
occurred. In addition, it was found that various aspects of EB
conditioning were correlated with performance on several
declarative but not nondeclarative tasks. Significant correlations
were obtained, for example, between total EB CRs and
performance on paired associate and verbal recall tests. Both HR
and EB conditioning were also correlated with scores on the WAIS
vocabulary subtest. These correlations may reflect a declarative
component to classical conditioning that is at least partially
responsible for the large age-related deficits in classical
conditioning found in this and other experiments.
Supported by VA Institutional Research Funds

668.3

668.4

MRI DETECTED CEREBELLAR ATROPHY DURING AGING. Michael
P. Sullivan. Leyla deToledlo-Morr-ell. Frank Morrell*, and Sandra Spencer.
Departments of Neurological Sciences, Psychology and Diagnostic
Radiology, Rush Medical College, Chicago, IL. 60612.
Classical, delay conditioning of the eyeblink response has been
shown to be impaired in aged individuals, thus implicating cerebellar
dysfunction. With the use of high resolution, quantitative, magnetic
resonance imaging (MRI) protocols, it is now possible to detect and
quantify, in vivo, the extent of age or disease induced alterations in given
brain regions of interest. In the present study, the presence of cerebellar
atrophy was assessed in healthy, aged individuals as part of a larger
investigation designed to examine the effects of aging on brain anatomy
in vivo. 37 aged (mean age=70, range=61-84) and 27 young (mean
age=27, range=22-34) subjects were studied with a high resolution MRI
protocol. An interactive, 3-D reconstruction program was used to
compute the volume of regions of interest. Cerebellar volume was
derived from 18 gapless, 5mm sagittal slices, 9 on each side of the
midline. To correct for individual differences in brain size, each person's
absolute cerebellar volume was divided by total intracranial volume
computed from sagittal slices spanning the whole brain. Cerebellar
volume was found to be significantly reduced in aged subjects compared
to young ones when either absolute or normalized values were

GENDER DIFFERENCES IN THE VULNERABILITY OF THE HIPPOCAMPAL
FORMATION DURING AGING. Leyla deToledo-Morrell*. M.P. Sullivan. F.
Morrell. C. Spanovic and S. Spencer. Depts. of Neurological Sciences,
Psychology and Diagnostic Radiology, Rush Medical College, Chicago, IL. 60612
The hippocampal formation (HF), which is critically involved in the
acquisition of certain types of new information, is especially vulnerable to the
aging process. Until recently, it 'has been difficult to directly document such
vulnerability in humans and to relate anatomical alterations to behavioral deficits.
With the advent of high resolution, quantitative, magnetic resonance imaging
(MRI) protocols, it has been possible to visualize detailed brain anatomy in vivo
and to quantify age or disease induced alterations in regions of interest. Using this
technology, we now report that there are gender differences in age induced

considered (t^^.414, df=62, p<0.001 for absolute cerebellar volume and
t=4.044, df=62, p<0.001 for normalized volume). There were no gender
differences in the extent of cerebellar atrophy with age. Since cerebellar

integrity is crucial for eyeblink conditioning, this age-dependent volume
loss may explain the behavioral deficit.
Supported by NIA grants PQ1 AG9466 and P30 AG10161.
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changes in hippocampal anatomy. 37 healthy, aged individuals (15 males and 22
females; mean age=70, range=61-84) and 27 young subjects 13 males and 14
females; mean age=27, range=22-34) were studied with a high resolution MRI
protocol, as well as the verbal and spatial versions of the Buschke "Enhanced
Cued Recall" test (Buschke & Grober, Dev. Neuropsychol., 1986,19:287-307).
A 3-D reconstruction program was used to compute hippocampal volume from
coronal slices taken perpendicular to the long axis of the hippocampus. Left and
right hippocampal volumes were derived separately. Individual differences in
brain size were corrected for by dividing each person's hippocampal volume by
total intracranial volume computed from sagittal slices spanning the entire brain.
The right HF, but nor the left, was significantly smaller in aged males compared
to their young counterparts (F=23.62, p<0.001 for the age x hemisphere
interaction). This difference did not hold for females. Furthermore, aged males
had a deficit in spatial, but not verbal memory. Aged females did not show any
memory deficits. The differential vulnerability of the right HF in aged males fits
well with the nature of the behavioral results.
Supported by NIA grants P01 AG9466 and P30 AG10161.
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EFFECTS OF AGE ON EVENT-RELATED POTENTIALS EVOKED BY WORD
REPETITION IN DIRECT AND INDIRECT MEMORY TESTS. R.E. Mark. M.D.
Rugg*. R.C. Roberts and J. Gilchrist. Wellcome Brain Research Group, Sch. of
Psychology, Univ. of St Andrews, UK, and Dept. of Medicine, Univ. of Dundee, UK.
Event-related potentials (ERPs) were recorded to visually presented words from 13
scalp sites in samples of young (age range 19-29) and elderly (range 62-74) subjects
while they performed two tasks. In the indirect task, subjects monitored a series of
words in order to detect and respond to target items (animal names), which occurred
on 16% of trials. 19% of non-targets repeated after a single intervening item (lag 1
repeats), and 19% repeated after a mean lag of 10 trials (range 8-12). The same trial
structure was employed in the direct task, but now subjects responded to every item,
discriminating between words presented for the first and the second time.
Compared to ERPs elicited by unrepeated words, words repeated in the indirect
task after either lag were significantly more positive-going in both groups of subjects.
This ERP repetition effect was of comparable magnitude in the two groups, but onset
approximately 50 msec earlier in the young subjects. The size of the effect did not
differ significantly with lag in the young group, whereas the effect of lag was highly

Aging-related deficit in implicit perceptuomotor learning.

reliable in the elderly subjects, who showed smaller effects for lag 10 repeats. In the
direct task, repeated words once again elicited a positive-going shift in the ERPs of
the young subjects. In contrast to the indirect task, this effect was reliably smaller for
the words repeated at the longer lag. In the elderly subjects, lag 1 repeats in the direct
task elicited a significant effect, which was smaller than the lag 1 effect in the young
subjects. Lag 10 repeats in the direct task failed to elicit a repetition effect in the
elderly subjects.
The findings show that the effects of word repetition on ERPs reflect age-related
differences in brain activity associated with memory for words. In keeping with
previous behavioral work, these differences are more in evidence when memory is
tested directly than when it is tested indirectly.

668.7

1709

E. C. McNay* & D. B. Willingham, Neuroscience Program, University of
Virginia, Charlottesville, VA 22903.
A widely-held view of the basis of age-related deficits in learning and
memory has been that deficits are caused by a reduction in the level of
resources available for working memory, self-initiated processing, or as
part of some other model. This has been offered as an explanation for the
observed reduction in performance with aging on explicit tasks and spared
performance on implicit tasks.
We investigated the effect on aging on both explicit and implicit
measures of perceptuomotor learning. Subjects were tested using a task
which required them to trace a line presented on a computer screen using a
pen held out of their sight. Baseline measurements were taken, followed
by two experimental phases. In the training ' phase, the feedback on the

screen of the subjects' movements was transformed (a constant 90 degree
rotation). Subjects were told that there was a transformation, but not of
the identity of the transformation. After each block of training trials,
both transformation and feedback were removed for a block of test trials
in which subjects were asked to directly trace the line presented. The
primary measures of performance were deviation from target line
(training phase, explicit measure) and signed deviation from target line
(test phase, implicit measure of space recalibration).
Contrary to expectations, aged subjects showed impaired
performance (after correction for age-related changes in drawing ability)
in both phases, with greater deviation from the target line in the
training phase and lower recalibration of their perceptuomotor space in
the test phase.

668.8

SPATIAL MEMORY AS MEASURED BY A HUMAN MAZE IN AGED
SUBJECTS SHOWING VARIOUS PATTERNS OF CORTISOL SECRETION
AND MEMORY FUNCTION.
S. Lupien. T, Ned. C. Rainville. N.P.V. Nair*. R.L. Hauger. M.J. Meaney
Research Centre, Centre Hospitalier Cote-des-Neiges, 4565 Queen Mary, Montreal,
Quebec, Canada, H3W-1W5; Douglas Hospital Research Centre, McGill University,
Montreal, Canada, 6875 Bld. Lasalle, Verdun, Quebec, H4H-1R3;.
Studies have shown that hypersecretion of corticosteroids result in hippocampal
dysfunction and spatial memory deficit in the aged rat. We have recently shown in a
group of elderly subjects that those who present a significant increase of cortisol
levels over a period of 3 to 6 years present an amnesic profile as revealed by a poor
declarative memory performance while aged subjects showing a moderate increase or a
decrease of cortisol levels with years perform normally on these tasks. We have tested
spatial memory performance in this aged population using a human maze. Three
types of encoding of spatial information were measured; a spatial encoding for which
the subject was shown a path by following the experimentaor through the maze and
was then required to do it on his/her own; a verbal encoding for which the subject was
given verbal instructions to follow in order to find his/her way in the maze; a
contextual encoding for which the subject had to create a cognitive map of the maze in
order to perform the path. Correlational analyses were performed between the cortisol
slope of subjects as measured over a period of 3 to 6 years and their performance on
the three types of encoding. The results showed significant positive correlations
between the cortisol slope and the time taken to do the path in the spatial (r=0.75) and
verbal encoding ( r=0.45) conditions, with no significant correlation between the
cortisol slopes and the contextual encoding condition (r=0.08). Since this last
encoding condition did not involve any memory processing while the spatial and
verbal encoding did, these results suggest that the amnesic profile described in aged
subjects showing a significant increase of cortisol levels with years applies to both
spatial and non-spatial information. This further confirm the animal data literature
which reports a significant relationship between prolonged exposure to corticosteroids
in later life and spatial memory dysfunction.

A LONGITUDINAL STUDY OF DEHYDROEPIANDROSTERONE SULFATE
(DHEA-S) LEVELS, CORTISOL LEVELS AND COGNITIVE
FUNCTION IN ELDERLY HUMAN SUBJECTS. S. Sharma*. A. Turken. G.
Schwartz. N.P.V. Nair. M. De Leon. M.J. Meaney. R.L. Hauger and S. . Lupien,
Dpt Psychiatry, VA Medical Center, UCSD, 9500 Gilman Drive, La Jolla, Ca, 920930603&Douglas Hospital Research Centre, McGill University, Montreal, Canada, 6875
Bld. Lasalle, Verdun, Quebec, H4H-1R3
It has been postulated that dehydroepiandrosterone (DHEA) and its sulfate (DHEAS) are markers of successful aging and life expectancy while cortisol levels may be
discriminators of pathological brain aging. We have previously shown in a
longitudinal study of elderly volunteers that the slope of the increase in cortisol
secretion over years predicts the nature and the magnitude of the cognitive decline.
We have retrospectively analyzed DHEA-S levels in this population of aged
individuals for the years 1990-91, 1991-92 and 1992-93 in order to determine if
DHEA-S secretion is negatively associated with cortisol hypersecretion and cognitive
deficits. Subjects were retested in year 1992-93 for 24-hour cortisol secretion as well
as memory function and we replicated the cortisol/memory impairment relationship
previously reported. The results of the analysis of DHEA-S levels revealed decreasing
DHEA-S levels in all subjects. Consistent with the hypothesis that DHEA-S may
have a protective effect on the aging system, we have shown that subjects showing a
significant increase in cortisol levels with years and memory impairment had the
greatest decrease in DHEA-S levels. However, the reverse pattern was not observed in
individuals showing decreasing cortisol levels and highly efficient cognitive function.
These individuals consistently presented lower DHEA-S levels than the other subjects.
Finally, although cortisol levels were significantly correlated with cognitive function,
DHEA-S levels were not significantly correlated with cognitive efficiency. These
results suggest that cortisol secretion during aging may be a better biological marker
of cognitive decline than DHEA-S secretion.

668.9

668.10

DEMENTIA AND RESPONSE TO PAIN IN THE ELDERLY. F Porter. M Smith.
JP Miller. J Morris*. Washington Univ School of Medicine, St Louis, MO 63110
To study relations among dementia, pain response and perception, heart
rate and facial expression were continuously recorded during undisturbed
BASEIine (13±3min), PREParation (tourniquet/cleansing/needle visualized)
(1 ± 1min), VENIpuncture (2± .3min), and undisturbed RECovery (10±3min)
from 44 (24 female) adults (mean age=73+ 9 years) during a standard
unanesthetized venipuncture. Clinical dementia ratings (0=normal, 3=severe
dementia) were 14=0, 8=0.5, 12=1, 5=2, and 5=3. General anxiety and pain
sensitivity were rated by subjects on 10-point visual analog scales prior to
study; anticipatory and experienced anxiety and pain were rated just before or
after VENI. Ratings were correlated with HR responses and dementia. HR
increased from BASE to PREP and decreased from PREP to VENI (p's<.001),
returning to BASE levels during VENI. A lower magnitude HR response to
PREP and VENI was associated with dementia but not age or gender. Higher
general pain sensitivity and higher anticipatory anxiety were positively
correlated with the magnitude of HR response to VENI and negatively
correlated with dementia but <40% of demented subjects were able to provide
ratings. Demented subjects exhibited more facial movements to PREP (p=.06)
and VENI (p=.02) than normals. More facial movements during BASE were
associated with less HR increase to PREP. We conclude that the elderly
exhibit a larger HR increase to stress(PREP) than pain (VENI) and that
dementia may 1) decrease HR response to stress and pain; 2) minimize the
magnitude of anxiety and pain ratings but self-report was limited among the
demented; and 3) increase facial expression to pain. Thus, there is an
apparent discordance among behavioral, physiologic and self-reported
reactions to stress and pain among the demented. (NIA P50 AG05681)

EFFECTS OF NORMAL AGING ON THE SPATIAL DISTRIBUTION OF
VISUOSPATIAL ATTENTION IN VISUAL SEARCH. P.M. Greenwood*. R.
Parasuraman & G.E. Alexander. Cognitive Science Lab., Catholic Univ.,
Washington, DC and Lab. of Neurosciences, NIA, Bethesda, MD.
Healthy elderly experience "pop-out" in visual search as readily as do
young subjects when the target is easily discriminable from distracters.
However, search for a poorly discriminable target, believed to require the
movement of visuospatial attention from one display element to the other,
proceeds more slowly in elderly compared to young subjects (Plude &
Doussard-Roosevelt, 1989; Greenwood et al. 1992). Does this arise from a
different spatial distribution of visuospatial attention in aging? Young
subjects and two groups of elderly (aged 65-74 and 75-85) screened to exclude
memory loss and dementia searched a display of 15 letters for a target
defined by a conjunction of color and letter (a pink "R") and surrounded by
3,5,7 or 9 target color (pink) items, the remaining distracters being blue and
green. In this type of search, subjects confine their attention to the target
color items. Although RT slowed in all groups as the number of target color
distracters increased, the increase was greatest in the two elderly groups.
More eccentric target locations heightened the slowing of RT with increased
numbers of target color distracters. This effect of eccentricity in slowing RT
was greater in the elderly than in the young. However, when the target was
centered in the display the young were unaffected by the number of target
color distracters while the elderly were additionally slowed with each
increase in target color distracters. These results suggest the spatial
distribution of visuospatial attention is more diffuse in the elderly than in
the young. A broader focus of visuospatial attention may contribute to agerelated (1) slowing in search speed and (2) increased vulnerability of search
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668.12

SPATIAL LEARNING AND MEMORY IN FREELY MOVING
MONKEYS. P.R. Rapp*l. M.T. Kansky, C.T. -Stanko. and J.A. Roberts.

lCntr. for Behavioral. Neurosci., SUNY Stony Brook, Stony Brook, NY
11794-2575, Behav. and Neurobiol. Unit, Calif. Regional Primate Res. Cntr.,
UC Davis, Davis, CA 95616-8542.
Tests of spatial learning and memory are among the most sensitive tasks
for characterizing the effects of hippocampal dysfunction in the rat, and the
present studies were intended to develop comparable procedures for monkeys.
Six normal rhesus macaques (4-6 years) were tested on an octagonal platform
maze (10 ft. diameter) that contained 8 hidden reward locations distributed
evenly around the perimeter. A tether system confined animals to the surface
of the maze, but exploration was otherwise unrestricted. Spatial working
memory procedures required subjects to visit each reward location once per
trial. With the exception of one monkey that failed to learn, acquisition was
rapid, and subjects averaged 19.8 (±8.0) trials to achieve a criterion of 87.5%
correct. Forgetting rates for spatial information were examined by imposing a
delay between the 4 initial choices on each trial and the opportunity to make 4
additional choices. Accuracy declined by an average of only 12.8% (±4.3)
across retention intervals ranging from 5 minutes to 4 hours, and performance
remained significantly above chance at the longest delay (p<0.005).
Rearranging the abundant extramaze cues during a 30 minute retention interval
substantially impaired accuracy, implying that performance is supported by
memory for the spatial relationships between these stimuli. Finally, ongoing
studies of cognitive aging revealed significant learning deficits in at least a
subgroup of aged rhesus monkeys. In combination, these findings are
consistent with the expectation that tests of spatial learning and memory,
adapted from research in rats, can provide valuable procedures for exploring
hippocampal memory function in nonhuman primates. Supported by NIH
grant AG 10606, the CRPRC Base Grant RR00169, and a HFSPO award.

COGNITIVE CORRELATES OF TEMPORAL LOBE VOLUME
AND CALLOSAL ATROPHY IN HEALTHY ELDERLY AND
INCIPIENT DEMENTIA J.A. Kaye. J.S. Janowsky* and D.
Howieson. Dept. of Neurology, Oregon Health Sciences Univ.,
VA Med. Ctr, Portland, OR. 97201
We examined the size of the corpus callosum (CC), temporal
cortex, parahippocampal gyrus, and hippocampus using
quantitative MRI in 26 healthy elderly (HE) "oldest-old" subjects
(mean age 87). We examined the relationship between structure
size and cognition. 12 of the subjects showed cognitive decline
(e.g. CDR = .5-1) in the subsequent four years of follow up
(Incipient Dementia, ID). Therefore, we examined structure size
in HE and ID subjects when ID subjects were cognitively normal.
The hippocampus was smaller in the ID subjects (p< .05).
Temporal cortex correlated with CC size (R=.44, p=.03). The
middle and posterior sectors of the CC were correlated with
temporal cortex in the ID (R’s> .55, p’s< .05) but not the HE
subjects. Significant relationships were found between memory
and the hippocampal volume, and midsector of the CC over all
subjects (R’s> .45, p’s< .03). These data suggest that atrophy
precedes clinical signs of dementia. We are currently examining
MRI and cognitive assessment data during subsequent years of
cognitive decline in these subjects. [Supported by Dept. Veterans
Affairs, NIH AG08017, NIH AG12611]

668.13

668.14

SHIFTING ATTENTION BETWEEN SENSORY MODALITIES IN
HEALTHY AGING. A. Berardi*. J.V. Haxbv. Lab. of Neurosciences,
National Institute on Aging, NIH, Bethesda, MD 20892.
Age-related changes in attention shifting were investigated by measuring
reaction times ' to visual and auditory stimuli in three task conditions: a visual
baseline task in which visual stimuli (rectangles) were presented to the
right or left of fixation, an auditory baseline task in which auditory stimuli
(tones) were presented to the right or left ear, and a shifting task in which
visual and auditory stimuli were presented on alternating trials. Twenty-one
young (mean age ± SD = 29.5 ± 5; range: 20-39), 20 middle-aged (mean
age ± SD = 51.2 ± 6.6; range: 40-59), and 20 old subjects (mean age ±
SD « 67.1 ± 4.4; range: 60-73), matched on sex and education,
participated in this study. All subjects were right-handed and screened for
optimal health. Reaction times were slower on the shifting task than on the
baseline tasks for both auditory and visual stimuli (p < 0.0005, in both
cases). Significant condition X group interactions revealed that slowing
due to shifting was greater for both middle-aged and older subjects as
compared to young subjects (p < 0.05, for both visual and auditory
interactions). Whereas young subjects slowed 4 and 34 msec on the
shifting task for visual and auditory stimuli, respectively, middle aged
subjects slowed 87 and 46 msec and old subjects slowed 114 and 58
msec relative to baseline (p < 0.05 for all comparisons between young
subjects and other groups). When reaction times on the shifting task were
expressed as percent increases relative to the baseline tasks, the main
group effects remained significant, indicating that age-related slowing on
the shifting task was greater than would be predicted by generalized
slowing. These results demonstrate that age-related inefficiency in shifting
attention between sensory modalities is evident in middle aged as well as
in old subjects and is not attributable to generalized slowing.

SEX AND HANDEDNESS DIFFERENCES IN CHANGE OF SIZE OF THE
CORPUS CALLOSUM DURING NORMAL AGING. A. Unsal. S.F. Witelson.
D.L. Kigar, M. Steiner*. Dept. of Psychiatry, McMaster Univ., Hamilton, ON, L8N 3Z5.
Advancing age is associated with a small decline in brain size. We previously reported
that midsagittal area of the corpus callosum (CC) decreases sharply with age, but in men
only (Witelson, NEJM. 1991). The aim of the present study was to assess, in a larger
group of postmortem brain specimens from subjects varying in age from 25 to 70 yr, what
the quantitative model may be between CC size, age and hand preference in men and
women. A sample of 46 women and 32 men were studied, all documented to be of normal
neurologic and cognitive status. Mean CC areas for men and women were 688 and 662
mm2, respectively. For men, CC area is greater in non consistent-right-handed (nonCRH)
than CRH men (725 mm2 vs 656 mm2, p = .02). For each group of men, there was a
negative relationship with age [nonCRH (r = -0.69, p < .01) and CRH (r = -0.46, p = .05)].
The slopes of the regresssion lines differed significantly, indicating that the decline in CC
area per year is greater in nonCRH than CRH men (R2 change, p < .05). For women, no
relationship was observed (r = 0.02): . this
was true whether linear or quadratic models
were considered. The best predictor of CC
area in women was the group mean. By age
70, all three groups approached a similar CC
size, a point of callosal equality. The results
suggest that CC size may have theoretical
implications as well as diagnostic utility
(using in vivo imaging) for cortical changes
that occur with normal aging; that some sex
hormonal factors influence brain aging; and in
men, hemispheric lateralization afects brain
change with age. Funded in part by grants
NS 18954 and MRC (CA) MA-10610.
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THE EFFECTS OF ODORANT AND NUMBER OF TRIALS ON THE
OLFACTORY EVENT-RELATED POTENTIAL IN YOUNG AND
OLDER ADULTS. C.D. Morgan, J.W. Covington, C. Quinonez, D.
Ellison, D. Wester, D.L. Kalinoski*, J. Polich, C. Murphy(UCSD
Medical Center, Naval Medical Center, The Scripps Research Institute,
San Diego State University, San Diego, CA 92120, Monell Chemical
Senses Center, Phila. PA 19104)
Olfactory event-related potentials (OERP) are currently used to
differentiate groups of individuals based on peak amplitude and latency
and show considerable promise as a diagnostic tool in clinical settings. In
an effort toward determining clinical utility in an individual participant, the
present study was designed to find the optimal parameters for recording
the most robust OERPs in both young and older adults. Using three
different stimulus odors (amyl acetate, geraniol, phenylethyl alcohol) the
clearest and most consistent OERP waveforms were produced by amyl
acetate. The average of 20 stimulus trials recorded from each participant
produced a robust waveform, however, a distinct wave is also present in
the average of as few as 10 trials; fewer trials result in shorter
administration time, a factor which is desirable in clinical settings.
Furthermore, peak amplitudes and peak latencies were found to
differentiate young and older adults such that the amplitudes were smaller
and latencies were longer for the older participants, indicating tnat age is
an important factor in OERP responses. These findings will help guide
future research and clinical application in olfactory assessment.
Supported by NIH grant #DC02064 to C. M.

PRE-MOVEMENT AND AUDITORY EVENT-RELATED POTENTIALS
IN HEALTHY AGED SUBJECTS. M. Roe*. W. J. Evans. H. I. Michalewski
and A. Starr. Departments of Psychobiology and Neurology, University
of California, Irvine, CA 92717.
Pre- and post-stimulus event-related potentials were studied to examine
the effects of "normal" human aging. A healthy "Old" group (mean = 80
yrs.) and "Young" group (mean = 38 yrs.) of subjects were tested. The
"Old" group did not show the usual memory changes associated with age,
suggesting that these subjects represent a healthy, normal aged
population. Brain potentials were recorded at scalp sites Fz, Cz, Pz, C3',
and C4' during an auditory target detection task and during self-paced
movements. To targets, measures of accuracy, reaction time (RT), a prestimulus negative potential (readiness potential [RP]) and post-stimulus
event-related potentials (P50, N100, P200, N200, P300) were analyzed.
To self-paced movements, the average amplitude of a self-initiated RP
was analyzed. No significant differences were found for accuracy or RTs
between the two age groups. No significant differences for age group were
found for the self-initiated RP. In contrast, pre-stimulus RP amplitudes
decreased significantly with age. The post-stimulus P300 latency was
significantly delayed (80 msec) and P300 amplitude was reduced (50%)
for the "Old" group as compared to the "Young" group. In spite of normal
performance measures, the "Old" group showed age-related changes in
both latency and amplitude of several event-related components,
indicating a dissociation of behavioral performance and cerebral
processing of auditory signals with aging.
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669.1

CORTICAL SYNAPTOGENESIS IN HEMIMEGALENCEPHALY.
J.R. O'Kusky1* and H.V. Vinters2. Dept. of
Pathology and Laboratory Medicine, ^University of
British Columbia, Vancouver, B.C., Canada V5Z 1M9
and 2ucLA Medical Center, Los Angeles, CA 90024.
Histological specimens for electron microscopy
were prepared from cortical resections, performed
for the treatment of intractable childhood
epilepsy, in 4 cases of hemimegalencephaly (HME)
and 4 control cases (Rasmussen's encephalitis)
ranging in age from 1 to 7 years. Stereological
analyses were used to determine postnatal changes
in the numerical density (Nv, contacts per mm3)
of asymmetric and symmetric synapses in the
cerebral cortex. Samples included frontal,
parietal and temporal cortices. In control cases
the Nv of asymmetric synapses decreased after 1
year of age due to a loss of axospinous contacts
with no change in the density of axodendritic or
axosomatic contacts. The Nv of symmetric synapses
increased gradually up to 7 years of age. In HME
cases the Nv of asymmetric and symmetric synapses
did not differ significantly from controls. Given
the increased cortical thickness in HME, the
number of synapses in a column of cerebral cortex
beneath 1 mm2 of pial surface was substantially
greater than in controls. (Supported by the B.C.
Health Research Foundation)

669.2

SACCADIC VARIABLES IN ADULTS WITH CEREBRAL
PALSY. M.LeGare*, S.Gu, H.Zhang and S.Lee.
Biomedical Engineering Program, California State
University, Sacramento, CA 95819-6019.
Aimed movements require visual localization.
The slow and inaccurate aimed movements in
cerebral palsy (CP) may be partly due to the
saccadic
system which
provides visuomotor
support for localization. The right and left eye
positions of 6 CP and 4 normal (N) adults were
measured by the 7000S (Micromeasurements, Inc.,
Farmington, CT) . Square-wave stimuli at three
frequencies (0.3,0.5,0.7Hz), three amplitudes
(±4,±6,±8*), horizontal and vertical dimensions
were used for 18, 10s tests in a J-saccade
paradigm. The right and left eye positions were
pooled for this analysis of five saccadic
variables. The CP group had greater than normal
means for: saccadic latency (Mcp=0.367±0.207s;
Mn=0.268±0.088s), RMS error (1^=3.38588.693’;
Mh=0.268±0.088), and fixation (Ncp=0.299±0.09s;
MH=0.266±0.053s) . The CP group made more low
velocity saccades than the N group but the
acceleration profiles were comparable indicating
similar organization. Therefore, the system
should also exhibit motor learning.
Such
training may improve aimed movement in CP.
Supported by: NSF-BCS9107276, CSUS-RA to ML.

669.3

669.4

DUPLICATION OF THE EYE AND CEREBRAL HEMISPHERE IN A
HUMAN. T. A. Woolsey*. E. J. Stelnicki. J. L. Marsh. B.C.P. Lee, and M.

Murine Platelet Activating Factor Acetylhydrolase: Expression
Pattern and Enzymatic Activity in the Developing Brain Correlate
with the Timing of Neuronal Migration

J. Noetzel. Divisions of Experimental Neurology & Neurological Surgery,
Plastic & Reconstructive
Surgery,
Neuroradiology, and Pediatric
Neurology, Washington University School of Medicine, St. Louis, MO

63110.

We describe a unique case of complex craniofacial and CNS
anomalies. The focus here is on aspects that relate to the nervous
system. The child's skull was asymmetric (plagiocephalic) with the axis
displaced to the right. However, her most overt and distinguishing feature
was that the left orbit contained two eyes while the right orbit contained
one normal appearing and functioning eye. Accordingly the anomaly was
termed TRIOPIA. Computer assisted medical imaging was used to define
intrja- and extracranial structures in vivo. There were two left cerebral
hemispheres: the anterior was gyrencephalic; the posterior lissencephalic.
Other abnormalities included duplication of extraocular muscles excepting
the lateral lateral rectus on the left; two left ophthalmic arteries; two left
middle cerebral arteries; agenesis of the corpus callosum; duplication of
the falx cerebri, sagittal dural venous sinuses and confluens of sinuses.
The circle of Willis was incomplete. The brain stem was nearly
symmetrical with slight reduction in the left cerebellar hemisphere and an
attenuated left medullary pyramid. We propose that the embryological
basis for this unprecedented anomaly was duplication, in the neural plate,
of primordia for the eye and secondary prosencephalon.
Supported by NIH Grant NS 17763, tha McDonnell Center for Studies of Higher Brain
Function and an award from the Spastic Paralysis Foundation of the IHinois-Eastern Iowa
District of tha Kiwanis International.

669.5

Miller-Dieker lissencephaly, a human brain malformation associated with a
hemizygous deletion in the LIS 1 gene, is a defect in cell migration leading to an
abnormal cerebral cortex. Bovine platelet-activating factor acetylpydrolase (PAF-AH)
has been purified previously. PAF-AH deacylates and thereby inactivates platelet
activating factor, an alkyl-ether phospholipid implicated in various aspects of
neuronal development and in neuronal function. Purification studies suggest that
PAF-AH consists of three subunits (29kD, 30kD and 45kD) and the 45kD subunit is
identical with the coding sequence of the LIS 1 gene. In order to study the spatial and
temporal expression of the PAF-AH subunits, we cloned the cDNAs for the mouse
29kD and 30kD subunits. Both subunits are highly conserved between mouse,
bovine and human. We find that the mRNAs encoding the the 29kD, 30kD and 45kD
subunits are coexpressed in the cerebral cortex and in the hippocampus. Coexpression
is also observed in the migrating granule cells of the developing cerebellum. PAFAH activity measurements in cytosolic extracts show that in the cerebellum activity
is highest between postnatal day 5 and 16, the time-span of granule cell migration.
Correlation between elevated enzymatic activity and high levels of expression in the
developing cerebellum substantiate the notion that 29kD, 30kD and 45kD subunits
are associated in vivo.

669.6

SPECIFIC CORRECTION OF "ANTI-BRAIN" AUTOIMMUNITY.
E. F. Bakunenko. B.B.Gnedenko. AB.Poletaev*. Chernobyl-Test Ctr., 10
Rimskogo-Korsakova St., 127577 Moscow, Russia.
As it was found earlier, most of children, which have been bom from
mothers with elevated serum anti-SI00 immunoreactivity, have
revealed a different forms of the brain malfunctioning (mental
retardations, cerebral, palsy, seizure syndroms). Ability to abnormal
production of anti-SIOO antibodies (AB) has epygenetically transferred
from mother (not from father) to offsprings and could be related to
aggravation of the brain dysfunctions. It was found that maternal
"tunning" of the offspring immune system based on, a combination of
AB-dependent modulation, of specific lymphocyte repertoires, and direct

transfer, and persistention of maternal "memory" lymphocytes into fetus.
In experiments (rats were preliminary immunized to SI00) it was found
that parenteral administration of antiidiotypic AB could inhibit specific
serum' anti-S100 reactivity.
Also there were
found two
immunomodulatoric S100 fragments. The first one had at least equal
efficient compared with antiidiotypic AB (selective stimulator of specific
T-suppressors?). The second one significantly increased anti-S100
immunity (probably due to stimulation of a specific T-helpers). These
findings may explain some
aspects
of
pathologic anti-S100
autoimmunity as well as to be used for elaboration of a prophilactic
measures.

Society
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INDUCED MICROGYRIA AND ITS EFFECTS ON CELL SIZE,
CELL NUMBER. AND CELL PACKING DENSITY IN THE
MEDIAL GENICULATE NUCLEUS. A.E, Herman. R.H, Fitch.
A.M.Galaburda*. and G.D. Rosen. Beth Israel Hospital and Harvard
Medical School, Boston, MA 02215 and CMBN, Rutgers Univ.,
Newark, NJ 07102.
Microgyria can be induced in otherwise normal rat neocortex by
neonataTfreezing injury (Humphreys et al., J. Neuropath. Exp. Neurol.
50:145,1991). Adult animals with microgyria located in frontal and
somatosensory cortices show deficits in fast auditory temporal
processing (Fitch et al., Cereb. Cortex 4:260,1994). It is not
understood why damage to cortical areas far from auditory input would
disrupt auditory discrimination. We have hypothesized that the
developmental cortical injury results in changes in connectionally
relatea areas, and that some of these changes involve areas important
for auditory processing.
To test this hypothesis we measured cross sectional cell areas, cell
packing densities, and total cell numbers in the medial geniculate nuclei
(MGN) of rats who had received neonatal cortical freezing or sham
injury and who had been behaviorally tested for auditory temporal
processing in adulthood. Measures of cross-sectional neuronal area and
cell packing density of ventral, dorsal, and medial regions of the MGN
were derived using a variation of the dissector method (Williams and
Rakic, J. Comp. Neurol. 278:344,1988), and MGN volumes were
computed based on estimates from serial sections.
Preliminary analysis has shown changes in the patterns of asymmetry
in cell size between microgyric and control rats — control rats have
larger neurons in the left hemisphere while microgyric animals show no
asymmetry. Continued analysis will concentrate on gender differences,
differences based on lesion location, and the relationship of the
anatomic measures to auditory temporal processing
This work was supported, m part, by grant HD20806.

1711

1712

DEVELOPMENTAL DISORDERS II

WEDNESDAY AM

669.7

669.8

NEOCORTICAL DYSPLASIA, MICROGYRIA, AND
PORENCEPHALY: COMMON ETIOLOGIES? G.D. Ros?n* ,and
A.M. Galaburda. Beth Israel Hospital and Harvard Medical School,
Boston, MA 02215.
Injury to the developing cortical plate before the end of neuronal
migration is generally believed to be the underlying cause of neocortical
migration disorders such as molecular layer ectopias, microgyria, and
porencephaly (Sarnat, Amer. J. Dis. Children 141: 969,1987). It has
been hypothesized that these different forms of developmental
pathology result from distinct mechanisms of injury. Alternatively,
they may result from a single mechanism, but only the severity of the
injury varies among them.
Molecular layer ectopias and microgyria have been induced in
otherwise normal neocortex by focal damage to the developing cortical
plate in rats (Rosen et al., Dev. Brain Res. 67:285,1992; Humphreys
et al., J. Neuropath. Exp. Neurol. 50:145, 1991). In the present
experiment, we placed a freezing probe on one side of the skull during
the first day of life (PI) for durations ranging from 2 to 20 seconds. In
some rats, the procedure was repeated a second time at a location
adjacent to the first. The animals were sacrificed on either P2, P4, P7,
PlO, P21, or P60 and brains examined with standard and
immunohistochemical stains for the presence of neuropathology.
Single injury 5 seconds or longer resulted in the formation of
microgyria, with the depth of the microsulcus and the volume of the
lesion increasing with longer freezing times. Two-second freezing
injury rarely resulted in microgyria, and instead most often led to
molecular layer ectopias and/or minor laminar dysplasia. As expected,
injury at two adjacent sites led to more severe disturbances than single
injury, culminating in the formation of porencephalic cysts following
20 second injury. These findings indicate that a common mechanism
can underlie the formation of molecular layer ectopias, microgyria, and
porencephaly.
Supported, in part, by HD20806.

NEURONAL AREA IS INCREASED IN THE VENTROBASAL COMPLEX IN
AUTOIMMUNE NZB MICE WITH CORTICAL ECTOPIAS G. F. Sherman*.
L.V. Stone, and A.M. Galaburda. Dyslexia Research Laboratory, Beth Israel
Hospital; Harvard Medical School, Boston, MA 02215.
Neuronal cell size differs in both the LGN and MGN of dyslexics in comparison
to controls (Livingstone et al., PNAS 88:7943,1991; Galaburda et al., PNAS
91:8010,1994). Neurons of the magnocellular division of the LGN and of the left
MGN are smaller in area. These differences may play a role in the perceptual
deficits seen in dyslexia and may be the result of changes in cortical targets produced
by the presence of the neocortical ectopias in layer I seen in dyslexia (Galaburda et
al., PNAS 91:8010,1994). Because thalamic cell size has been measured only in
dyslexics with neocortical ectopias it was not possible to directly test this
relationship. We used an animal model, the New Zealand Black mouse
(NZB/BINJ), that develops similar malformations in about 40% of the cases to test
the relationship of molecular ectopias to neuronal size in related thalamic nuclei.
Because most ectopias in NZB mice occur in the somatosensory barrel field we
measured neuronal size in the ventrobasal complex nuclei VPM and VPL.
Mice were transcardially perfused with 0.9% saline followed by 10% formalin.
The brains were embedded in cclloidin, cut in 30 pm coronal sections, stained with
cresyl violet, and mounted. Neuronal cell size was measured blind in the right and
left VPL and VPM in 8 adult NZB mice with barrel field ectopias and 11 adult NZB
mice without ectopias. Two sections (150 pm apart) per brain which contained
VPM and VPL were selected. Cross-sectional neuronal areas in one field per section
for each nucleus on both sides were measured using a stereology-derived system
(Williams and Rakic, J. Comp. Neurol. 278:344,1988). The counting grid .was 85
pm high, 95 pm wide and 25 pm deep. Neurons were grouped according to area
into bins and X2 values were calculated. The distribution of neuronal size differed
between mice with and without ectopias for both VPL (p< 0.001) and VPM (p<
0.001). In both nuclei there were fewer small neurons and more large neurons in
mice with ectopias. We suggest that the prenatal generation of molecular layer
ectopias in somatosensory cortex subsequently affects the organization of related
thalamic nuclei. Supported by NIH grant h D 20806.

669.9

669.10

CONNECTIVITY OF CORTICAL ECTOPIAS IN AUTOIMMUNE MICE.
A. R. Jenner*. A. M. Galaburda. and G. F. Sherman. Dyslexia Research
Laboratory, Beth Israel Hospital and Harvard Medical School, Boston, MA 02215.
New Zealand Black mice (NZB/BINJ) and NXSM-D/Ei mice develop minor
neocortical anomalies and are used as a model for the similar pathology present in
the brains of dyslexics. Approximately 40% of the NZB and 80% of NXs M-D
mice prenatally develop clusters of ectopic neurons in cortical layer I.
Neurofilament staining of these ectopias provided preliminary evidence that the
connections of these cells were aberrant. The present study was designed to look
more specifically at the cortical and subcortical connections the ectopias.
Adult mice were perfused with 2% paraformaldehyde/).1% glutaraldehyde and the
brains removed from the skull. The brains were stained with methyl-green in order
to visualize the surface of the brain more clearly and viewed under the disseeting
microscope for ectopias. Large ectopias appear as small bumps on the surface of
the brain. Ectopias were visualized in seven brains. A small crystal of Dil which
labels cell membranes by passive diffusion was then placed in the middle of the
ectopia just under the pial surface. The brains were stored in fixative at 37°C for up
to 4 months. The brains were cut with a vibratome into 100 pm coronal sections
and viewed under using a rhodamine filter set in order to visualize the Dil.
Dil brightly labeled the ectopias and in all cases there was a distinctive bundle of
labeled fibers extending from the ectopic cells through the deeper layers of the
cortex. This bundle of fibers then either entered the corpus callosum or the internal
capsule. Six ectopias were in the somatosensory barrel cortex and one was in the
hindlimb sensorimotor cortex. Depending on the location of the ectopia within the
barrel cortex labeling was seen in thalamic nuclei VPM, and/or Po. The hindlimb
ectopia was connected with VPL. Cortico-cortical connections were also seen
between ectopias in barrel cortex and both secondary somatosensory and primary
motor cortices. These Dil studies provide the first conclusive evidence that the
neurons within the ectopias are connected both to other cortical architectonic areas
and thalamic nuclei. Supported by NIH grant HD 20806 & the Sackler Scholarship

ULTRASTRUCTURAL ANALYSIS OF NEOCORTICAL ECTOPIAS IN NXSMD RECOMB INANT INBRED MICE. GW. Boehm*. M.W. Goss. AJ. Seaman.
A.M. Galaburda. V.H. Denenberg and G.F. Sherman. Biobehavioral Sciences
Graduate Degree Program, Univ. of Connecticut, Storrs, CT 06269; Central EM
Facility, Univ. of Connecticut Health Center, Farmington, CT 06032; and Beth Israel
Hospital and Harvard Medical School, Boston, MA 02215.
Focal disruptions of the laminar organization of the cortex, similar to those found
in post-mortem analyses of human dyslexic cortices, have been reported in autoimmune NZB and BXSB inbred mice (Sherman et al., Acta Neuropath., 74:239,1987).
These strains have since become useful animal models of this pathology. The small
abnormalities produced by a breach in the pial-glial membrane have been shown to
form in utero, and be associated with highly specific learning deficits (Sherman et
al., Neurosci. Abs., 18:1446; Denenberg et al., Brain Res., 562:98,1991).
This study complements prior work done at the light microscopic level by reporting
findings from transmission electron microscopic analysis of the cellular structure of
neurons and glia residing in and around the apex of ectopias, in a recombinant inbred
strain derived from progenitor NZB and SM mouse strains, the NXSM-D (Eicber &
Lee, Genetics, 125:431,1990). Six ectopias from four NXSM-D males (2 weanlings,
2 adults) were examined. In addition to being out of position, cells inside ectopic
clusters had multiple ultrastructural abnormalities. The most striking abnormality
was the large, apparently ballooned dendrites noted in nearly all of the ectopias. The
vacuous nature of many of these dendrites, without any similar cytoskeletal damage
to neurons on either side of the ectopia, was suggestive of localized excitotoxic
damage. Abnormal numbers of lysosomes frequently observed inside ectopias also
argue for ongoing cellular damage. Additionally, unusual deposits of extracellular
protein and extended basal laminae were seen between ectopic cell processes.
Approximately half of the ectopias had what appear to be either thin extensions of
the pia or rather extensive pericyte septa bordering the edges of the ectopia.
Ultrastructural abnormalities appear to be more severe in adult mice. Supported in
part by NIH grant H-20806.

669.11

669.12

HIPPOCAMPAL DEGENERATION IN APP-C100 MICE IS ASSOCIATED
WITH EXTRAMEDULLARY HEMOPOIESIS. M. L Oster-Granite*. J. R.
Greenan, D, McPhie. and R. L Neve. Div. Biomed. Sci., Univ. CA,
Riverside, CA 92521-0121 and Depart. Genetics, Harvard Univ.
Sch. Med., Boston, MA 02178.
We have previously described the pathogenesis of massive
pyramidal and granule cell loss in the hippocampi of mice transgenic
for an amyloid precursor protein construct (APP-C100) driven by a
neuron specific dystrophin promoter. When the reporter sequence
FLAG is added to the construct, we have observed extensive

DEVELOPMENTAL EXPRESSION OF THE AMYLOID PRECURSOR
PROTEIN AND TAU IN A MOUSE MODEL OF DOWN SYNDROME.
M.L. Lacey-Casem*. C.B. Kuo, and M.L. Oster-Granite. Div. of Biomedical
Sciences, University of California, Riverside, CA 92521.
The amyloid precursor protein (APP) and the microtubule associated protein,
tau, are both key components in the Alzheimer’s-like neuropathology of Down
Syndrome (DS). A correlation has recently been found between the
expression of these two important proteins in DS, suggesting either that APP
and tau are under similar transcriptional regulation or that the over-expression
of APP influences the expression of tau. In order to study the interaction of
APP and tau gene expression, we have made use of an animal model of DS,
the Trisomy 16 (Ts16) mouse.
The levels of APP and tau gene expression were determined by quantitation
of the respective mRNAs by the method of reverse transcription-PCR. Total
RNA was isolated from normal and Ts16 fetuses from 13 to 17 days gestation
and cDNAs for all APP and tau isoforms were amplified and quantitated by
digital image analysis of ethidium bromide stained gels. All reactions were
standardized relative to GAPDH, a constitutively expressed protein.
We have found that the expression of both APP and tau follow a similar
developmental pattern in the normal mouse. This result is consistent with APP
and tau being under similar transcriptional control. We have also confirmed the
observation that APP expression is elevated two fold in the Ts16 fetus when
compared to its normal iitteimate. Interestingly, the level of tau expression in
the Ts16 fetus is also elevated, but only from day 15 on. This latter observation
argues that increased tau expression is not due to triplication of the tau gene.
The pattern of tau expression in the Ts 16 mouse suggests that Ts16 neurons
are more sensitive to some event or signal, occurring at 15 days gestation,
which influences tau gene expression. Supported by NIH1F32NS09496.

degeneration as early as one year of age in some these new transgenic
lines. Lysosome-like inclusions, immunoreactive for the antibodies
that recognize epitopes in the C-100 construct, appear in increasing
numbers of cells and increasing numbers appear in individual
neurons in many regions of the CNS as the animals age. Examination
of cerebellum, cerebral cortices, spinal cord, hypothalamus, and
striatum have revealed no significant neuronal cell loss relative to
that significant neuronal destruction observed in the hippocampal
formation of individual transgenic animals.
In addition, many of the
APP-C100 mice exhibit cardiomegaly, hepatosplenomegaly, and
extramedullary hemopoiesis reminiscent of that occurring in human
beings with anaplastic anemia or in individuals with Down Syndrome.
The earlier and more rapid degeneration of the hippocampus in the
FLAG construct is accompanied more frequently by megakaryocytic
abnormalities which may be associated with the platelet
abnormalities observed in individuals with DS and some individuals
with AD. Supported by HD19932 (MLOG) and NS28695 (RLN).
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ALZEIMER'S TYPE NEUROFIBRILLARY DEGENERATION IN BRAIN
WARTS M. A. Moran* and P. Gomez-Ramos Morphology Dep.,
Autonomous Univ. Sch. of Med., Madrid. Spain
Verrucose dysplasias (VD) of the cerebral cortex are
developmental abnormalities characterized by a nodular shape
and a disrupted cytoarchitecture of upper layers. In three
autopsied elderly individuals (two without neurologic disorders
and one with motor neuron disease), VD presented abundant
Alzheimer's type neurofibrillary degeneration (ND), which
immunoreacted with 5E2 and AT8 Abs, disclosed
cholinesterase activity, and were thioflavin-S positive. This ND
was conspicuous in layers II and III abutting the external
borders of the dysplasia, as well as in layers V, VI, and in the
underlying white matter. All VD contained cell-sparse areas
within them, around which a peak of ND was seen. We suggest
that alterations in the neuropil around neurons disturbed in
their migration make them vulnerable to undergo cytoskeletal
changes. Additional micro-environmental anomalies related to
hypoxia-ischemia in these lesions are proposed as contributing
factors for ND, pointing to the potential of VD as a source of
material to study unresolved issues such as the way ND may
be related to ischemia. Supported by F.I.S. 93/0198 Spain.

stearyl
-nle 17-vip
protects
against
developmental
RETARDATION
IN
APOE-DEFICIENT
MICE
AND
AGAINST
NEURODEGENERATION IN ALZHEIMER’S DISEASE-RELATED MODELS.
I. Gozes*. M. Bachar. A. Bardea. A. Reshef. S. Rubinrout. M. Fridkin and
D.E.Brenneman. Dept. Clin. Biochem. Sackler Med. Sch. Tel Aviv Univ. Israel,
69978; Dept. Organic Chem. Weizmann Inst. Rehovot, Israel, 76100; Sect.
Develop, and Molec. Pharmacol. LDN, NIH, Bethesda, MD, USA 20892.
Stearyl-Nle17-VIP is a novel agonist of vasoactive intestinal peptide (VIP)
exhibiting a 100-fold greater potency than the parent molecule and specificity for a
VIP receptor associated with neuronal survival (J. Pharmacol. Exp. Therap .
273:161,1995). The new molecule contains two chemical modifications in VIP, the
addition of an N-terminal long chain fatty acid and the substitution of the
methionine in position 17 with norleucine (Nle). In the present study, the
developmental and protective effects of stearyl-NleI7-VIP were investigated in vivo
using mice deficient in apolipoprotein E (apoE) (Cell 71: 343,1992). The ApoEdeficient mice were tested for the development of behavioral milestones and were
found to be significantly retarded in their acquisition of forelimb placing behavior
(postnatal day 11-13) as compared to control animals (postnatal day 2-5). A two
day delay in the acquisition of cliff aversion behavior also was observed in these
mice. . Chronic daily injections (s.c.) of stearyl-Nle^-VIP to apoE-deficient new
bom pups resulted in a significant improvement and acquisition of behavioral
milestones, similar to the development of control animals.
Similarly, in
Alzheimer's-related models (e. g. beta amyloid toxicity in vitro and cholinotoxicity
in vivo), stearyl-Nle^-VIP protected against accelerated cortical neuron death and
impairments in learning and memory.
Stearyl-Nlen-VIP in particular and
lipophilic neuropeptides in general may provide a novel route to drug design for
neurodegenerative diseases.
Dedicated to the memory of the late Prof. Shlomo
Eisenberg. Supported by . Fujimoto Pharmaceutical Corp.

669.15
ALTERED MEMBRANE RESISTANCE AND REDUCED OUTWARD
CONDUCTANCE IN CULTURED TRISOMY 16 MOUSE TONGUE MUSCLE
CELLS SUGGEST A MECHANISM FOR THE HYPOTONIA IN HUMAN DOWN
SYNDROME S. Peng, Z. Galdzicki*. and S. I. Rapoport.
Lab of Neuroscience, NIA. NIH. Bethesda, MD 20892
Trisomy 16 (Tsl6) mouse is a genetic animal model
of Down syndrome (DS; human Ts21) . Young DS patients
develop a characteristic hypotonia. It has been reported
that the tongue muscle is abnormal in DS. A whole-cell
patch-clamp method was used to study membrane properties
of isolated Tsl6 and diploid control tongue muscle cells.
Muscle cell cultures were prepared from diploid
control and Tsl6 mouse fetus tongues an the 16th day of
gestation. Cells can be maintained for 21 or 23 days.
Electrophysiological recordings were done in vitro in
normal physiological solutions with 1 mM CdCl2 on cells
cultured between day 7 and 14. Before recording, cells
became spherical after a few hours of exposure to 0.1 ^M
colcemid. Membrane resistance (IR,) and capacitance (CR)
were measured at a holding potential of -60 mV. Mean Tsl6
cell Rr was 372 MQ (±45; n=17) , whereas R„ of control was
513 MQ (±39; n=31) . Thus the Tsl6 cell R„, was 27.5% less
than that of control. We did not detect significant
difference in C) between Tsl6 and control cells.
Furthermore, we applied 15 steps of depolarization
voltage with 10 mV increments to elicit total membrane
current at ' holding potential of -60 mV. The mean of
normalized maximum outward conductance (Gmx out/C™) was 497
pS/pF (±80; n=17) and 843 pS/pF (±83; n=31) for Tsl6 and
control cells respectively. Thus the G)x.oot/(C) of the Tsl6
cells was 41% lower than that of control, but there was
no significant difference in inward current or
conductance. Therefore, the cause of hypotonia could be
the increased Cl' conductance.
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RATS TREATED WITH ANTISENSE OLIGONUCLEOTIDES TO APP AND
APO-E RETAIN PLACE, CUE, AND MOTOR MEMORY. C.A. Marotta*1. S.
Aarawal2. D.P. Binsack3 Dept. of Psychiatry and Human Behavior1'3,and
Dept. Neurosciencei Brown University, Providence R.l. 02912; and,
Hybridon, Inc.2, Worcester, MA 01605.
Antisense compounds can be applied to modulate the expression of
gene products implicated in a variety of disorders, including Alzheimer's
Disease (AD). Thus, we designed phosphorothioate oligonucleotides
complementary
to amyloid precursor protein (APP) mRNA and to
apolipoprotein E (APO-E) mRNA. In a previous report we showed that antiAPP can modulate the expression of APP in PC12 cells (Cell. Molec.
Neurobiol. 14:425-437: 1994). The most common symptom of AD involves
the disruption of memory. Thus, any potential therapeutic agent requires
initial assessment with respect to its impact on behavioral functions in
normal animals. Male rats were injected (i.v.) with: 1) anti-APP; 2) anti-APOE; 3) saline; or 4) an unrelated (nonsense) oligonucleotide at dosages of
2.5 or 5.5 m mgg- All ratswere trains in a m ulti-component water mme task
which simultaneously assessed leag-rerm and short-term place memory,
cue memory, and motor memory. Antisense oligonucleotides produced
no deleterious effects on normal rats when tested for place, cue, and
motor memory at the dosages tested.
Safety and efficacy assessments
are continuing to evaluate the therapeutic potential of antisense
compounds in the treatment of AD.

EXPRESSION OF THE LOW DENSITY LIPOPROTEIN RECEPTOR
FAMILY MEMBER gp330 IN RESPONSE TO EXPERIMENTAL LESION
MODELS OF ALZHEIMER DISEASE. G.M. Pasinetti1*. M.Z. Kounnas2, W.S.
Argraves2. and C.E. Finch! division of Neurogerontology, Andrus Gerontology
Center and Dept, of Biological Sciences, USC, Los Angeles, CA 90089, J.H.
Holland Lab., Dept, of Biochem., American Red Cross, Rockville, MD 20855

Alzheimer plaques contain the apolipoproteins apoJ (clusterin) and apoE in
complexes with the amyloid /9-peptide (A/9), which could have roles in the
metabolism of A@. The LDL-receptor family member gp330 contains a shared
binding site for both apoJ and apoE (Kounnas et al., J. Biol. Chem. 1995, in
press), whereas the LDL receptor related protein (LRP) binds apoE but not
apoJ. ApoE-LRP, but also apoJ-gp330 complexes can be internalized through
endocytosis and might be an important clearing mechanism of AB from neuropil
for lysosomal AB degradation. This study surveyed gp330 and LRP, and the 39
kDa LDL receptor associated protein (RAP) for changes in response to brain
lesions that model features of Alzheimer disease. During responses to
hippocampal deafferentation by perforant pathway transection, gp330
immunoreactivity was induced in hippocampal neurons of the CA1-CA3
subdivision and subiculum. Similarly, after infusion of synthetic aggregated A/3142 peptide, surviving hippocampal neurons showed elevated immunoreactivity for
gp330. ApoJ was also found as immunoreactive deposits in the vicinity of the

3

infused A/ . Hippocampal deafferentation increased LRP immunoreactivity in
glial-rich zones, but did not alter the regional distribution of RAP. The findings
highlight the coexpression of gp330 and one of its ligands apoJ at sites of brain
injury which is consistent with the possibility that gp330 may be functioning to
mediate clearance of apoJ at these sites. This work was supported by the Nathan
W. & Margaret T. Shock Aging Research Foundation to Gm P by the NIA (AG-

07909) to CEF and NIH (DK45598) to WSA.
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APP751 (PROTEASE NEXIN 2):PROTEASE COMPLEXES ARE
INTERNALIZED VIA THE LDL RECEPTOR-RELATED PROTEIN
(LRP). M, E.Knaugr*, R, A, Orlando, and -CG, Glab. Dept. of
Molecular Biology and Biochemistry, University of California, Irvine,
CA 92717.
Protease Nexin 2 (PN2), a secreted isoform of the amyloid precursor
protein (APP751), inhibits the binding protein for epidermal growth
factor (EGFBP) by forming PN2:protease complexes. In the present
studies we have investigated the mechanism by which PN2:EGFBP
complexes are cleared by human fibroblasts. Our data indicate that the
internalization of the PN2:EGFBP complex by human fibroblasts is
mediated by the LDL receptor-related protein (LRP), which binds
multiple ligands including ApoE. Complex binding and internalization
were inhibited 50% and 80%, respectively, by the 39 kDa LRP
receptor associated protein (RAP), which has been shown to block the
binding of all ligands to LRP. In addition when EGFBP was added to
surface labeled cells overexpressing APP751 there was a significant
increase in the internalization of transmembrane APP751. More
importantly, this increase was blocked by the addition of RAP. Taken
together, these data demonstrate that the transmembrane bound form of
APP751 acts as a protease inhibitor, and that its internalization is LRP
dependent. This suggests an alternative mechanism by which
amyloidogenic APP751 can be re-internalized into cells after it has been
targeted to the plasma membrane, and may provide a mechanistic basis
for the generation of the beta peptide which is a seminal component of
senile plaques in Alzheimer's disease.

BINDING OF 6-AMYLOID PEPTIDE (A6) TO APOLIPOPROTEINS E3 AND
E4. l . M, Shaffer*. N. J.. Richter-Cook. R. .Gupta-Bansal and. -KaRdBrunden,
Gliatech, Inc., Cleveland, OH 44122.
Apolipoprotein E (apoE) is found associated with senile plaques in
Alzheimer's disease (AD), and relatively recent data reveal that individuals
expressing the apoE4 isoform have an increased probability of developing AD.
Previous studies demonstrated that apoE4 and the more common apoE3
isoform both bind A , the major component of senile plaques. However, only
SDS and heat stable complexes were quantified, and conflicting results were
obtained regarding the relative affinities of the apoE isoforms for A . Since
there is a likelihood that apoE might form SDS-labile complexes with A , we
have utilized a solid-phase binding assay to determine the affinity of
recombinant apoE3 and apoE4 for fibrillar Api -40. The apoE isoforms were
immobilized in 96-well plates, and fibrillar preparations of A6 were
subsequently allowed to interact with the coated wells. Bound amyloid
peptide was detected with a specific monoclonal antibody, followed by
addition of a peroxidase-conjugated anti-mouse antibody. a p showed saturable
binding to both apoE3 and apoE4. There were not dramatic differences in the
affinity of A for either apoE isoform at pH 7.4, with Kd values of
approximately 100-200 nM. To ensure that immobilization of apoE did not
expose artifactual AB binding sites, experiments were performed in which
increasing concentrations of apoE3 and apoE4 were added to the binding
solutions to compete for AB association with immobilized apoE. A dosedependent inhibition of AB binding was seen with solution-phase apoE3 and
apoE4, with Ki values that were in general agreement with the Kd values

p

p

p

B

mentioned above. These data suggest that both apoE3 and apoE4 are capable
of relatively high-affinity interactions with fibrillar AB. This is in agreement
with previous work demonstrating that apoE immunoreactivity was comparable
in plaques from AD patients homozygous for the E3 and E4 isoforms.

670.5

670.6

APOLIPOPROTEIN E AGGREGATES WITH SOLUBLE AMYLOID
BETA IN ALZHEIMER’S DISEASE AND NORMAL BRAINS .
G. Angelini. C. Russo. D. Zaccheo*. X. Xu&*. J.K, Teller*. P. Gambetti&
and M. Tabaton*. Advanced Biotechnology Center, Genova, and 'institute
of Anatomy, University of Genova, Italy, and &Division of Neuropathology,
Case Western Reserve University, Cleveland, OH 44106.
Apolipoprotein E (ApoE) allele 4 is a genetic risk factor in sporadic and
familial Alzheimer’s disease (AD). Recent studies in vitro suggest that
ApoE4 may play a role in modulating amyloid beta (Ap) polymerization
through a preferential binding. We detected and analyzed ApoE - Ap
complexes in the cerebral cortex of AD and normal subjects. An anti-ApoE
antiserum was used for immunoprecipitation from buffer-soluble fraction of
the brain. Immunoprecipitates were separated by gel electrophoresis,
blotted, and analyzed with monoclonal antibodies against ApoE and Ap
(Mab 6E10). Apart from two free peptides (~4 and 3.7 kDa) detected with
6E10, a band migrating at ~41 kDa was detected with both anti-ApoE and
anti-Ap Mabs, indicating that the band corresponded to an ApoE - Ap
complex. Surprisingly, we also found the same 41 kDa band in the extracts
from control brains in which soluble Ap was undetectable. Our findings
suggest that ApoE may sequester soluble Ap in the normal brain. Direct
analysis of the ApoE - Ap complex and comparsion of the complex in AD
cases homozygous for ApoE3 and ApoE4 are in progress. Supported by
NLA grants AG0812, AGNS08155, AG08992, the Britton Fund, and grants
from NATO and Telethon (El 26).

APOLIPOPROTEIN E POLYMORPHISM AND RECEPTOR INTERACTION
IN ALZHEIMER DISEASE. H. Soininen*. O. Heinonen. S. Yla-Herttuala. P.
Riekkinen Sr. Dept. of Neurology and AIV-Institute, University and University
Hospital, Kuopio, P.O.Box 1627, 70211 Kuopio, FINLAND.
Alzheimer disease (AD) is associated with an increased prevalence of
apolipoprotein E (ApoE) e4 . AooE i s a plsmma protein that binds to low-denstty
lipoprotein (LDL) receptor and the
-macroglobulin receptor/LDL receptorrelated protein ( MR/LRP). In the central nervous system, ApoE is produced
and secreted by astrocytes. In AD, ApoE is bound to senile plaques (SPs), tangles
as well as to cerebrovascular amyloid. Colocalization of ApoE and
MR/LRP to
SPs suggests that these molecules may play a role in amyloid accumulation. The
aim of this study was to investigate the ApoE and
MR/LRP interactions in AD
patients with different ApoE genotypes. We determined immunopositivity for the
anti- -amyloid (A ), anti-ApoE and antina^MR/LRP^a. in the frontal cortex of 3
ApoE e 44, 1 e34 and 2 e 33 AD patients and 2 aged e 33 controls. Immunostainings
were done for adjacent 50 pm-thick free floating sections using an avidin-biotinperoxidase system. The major results were: 1) All AD patients showed a high
number of A immunopositive plaques in the frontal cortex, 2) The number of
ApoE immunopositive plaques was higher in AD s44 patients compared to e 33
patients, 3) Immunopositivity for anti
MR/LRP-a was increased in AD cases
compared to controls, 4) The number of anti-^MR/LRP-a positive astrocytes was
increased in AD s44 patients compared to those with s33. These results underlie
the genetic association of ApoE alleles with the severity of AD pathology.
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PROMOTION OF THE NEUROTOXICITY OF ALZHEIMER Ap
PROTEIN BY THE PATHOLOGICAL CHAPERONES ACT AND
APOE4: INHIBITION BY Ap-RELATED PEPTIDES AND APOE2. J.
Ma*. .&H. .Bryan Brewer, and H Potter. Department of Neurobiology,
Harvard Medical School, Boston, MA 02115; &National Heart and Blood
Institute, National Institutes of Health, Bethesda, MD 20892.
The amyloid p-protein (Ap) is a major component deposited in the
senile plaques of Alzheimer’s disease brain. We and others have
previously found that two amyloid associated proteins, apolipoprotein E4
(ApoE4) and (Xi-antichymotrypsin (ACT), possess strong amyloid
filament-promoting activity and these proteins have been proposed as
pathological chaperones for the formation of amyloid (Ma and Potter,
1994, Nature, 373:92-94, Sanan et al., 1994, J. Clin. Invest. 94:860-869
and Wisniewski et. al 1994, Am. J. Pathol. 145:1030-1035). Here we
report the effects of the amyloid filaments promoted by ACT and apoE4
on the viability of primary human cortical neurons. ACT- and apoE4induced amyloid filaments were more neurotoxic than amyloid filaments
formed in the absence of pathological chaperones, as judged by a
colometric MTT assay. Preincubation of ACT and apoE4 with AP-related
peptide, or of apoE4 with apoE2, reduced their ability to promote the
formation of neurotoxic Ap filaments. The maximal neuroprotection
effect of Ap-related peptides and apoE2 can be observed at 100 nM
concentration. These data suggest that ACT and apoE4 act as
pathological chaperones—promoting the generation of amyloid filaments in Alzheimer’s disease, which, in turn, lead to neuronal cell death.
The ability of Ap-related peptides and apoE2 at nM concentration to
serve as “antipathological chaperones” by reducing the ACT and apoE4
neurotoxic filament-promoting function, may provide the basis for a
potential therapy for Alzheimer’s disease.

ASTROCYTE- APOLIPOPROTEIN E (APOE) ASSOCIATIONS IN SENILE
PLAQUES IN ALZHEIMER'S DISEASE (AD) AND VASCULAR LESIONS:
A REGIONAL IMMUNOHISTOCHEMICAL STUDY. Y. Shao*. M. Gearing.
and S. S. Mirra. Department of Pathology and Laboratory Medicine, VA
Medical Center and Emory University School of Medicine, Atlanta, GA
30322.
While ApoE and B-amyloid (A6) colocalize in senile plaques in cortex and
cerebellum in AD, the AB-positive, predominantly diffuse plaques in the
striatum do not exhibit ApoE immunoreactivity. As astrocytes are a major
source of ApoE in brain, we investigated potential regional differences in the
ability of astrocytes to produce ApoE that might affect AB processing and
progression of AD pathology. Using antibodies to ApoE, glial fibrillary acidic
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protein (GFAP) and AB, we compared the pattern of immunoreactivity in
senile plaques in AD autopsy tissue with that of reactive astrocytes
surrounding subacute and old infarcts in both AD and non-AD cases. We
found GFAP and ApoE immunoreactivity but no AB label in cell bodies and
processes of reactive astrocytes in vascular lesions within cerebral cortex,
striatum, and cerebellum. In contrast, while many senile plaques in AD
cortex evidenced prominent GFAP-positive astrocytes, ApoE
immunoreactivity was not observed within these cells but instead paralleled
that of AB. Prominent ApoE label of astrocyte cytoplasm was seen,
however, in neighboring zones of infarction. Our findings suggest that, in
AD and non-AD brains, reactive astrocytes are capable of upregulating
ApoE regardless of the location of injury. Moreover, the apparent absence
of ApoE label in senile plaque astrocytes may reflect decreased ApoE
expression and/or increased release related to ApoE-AB binding or other
factors. Supported by VA Merit Award and AG10130.
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BIOCHEMICAL QUANTITATION OF ALZHEIMER AB PEPTIDE AND APOLIPOPROTEIN
E AGGREGATED INTO AMYLOID FIBRILS. L. Bufe*.1 B. Permanne.” J. Pgrez-Tur.1
J-Ch. Lambert.1 J.Ph. David?-2 P. Vermersch? F. Ghozali.2 F. Pasquier? F,
Lfibgrt,3 H. Petit.3 C. Di Menza? M.C. Chartier-Harlin? A, , DelcOQUre£
'INSERM U422, 59045 Lille Cedex, France. 2H0pital Emile Roux, 94456 Limed
Brevannes, France. 3Dept of Neurology, HOpital B, 59037 Lille Cedex, France.
Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by the
presence of amyloid deposits and neurofibrillary tangles in the cerebral cortex. The
main component of amyloid deposits is a 42 amino-acids peptide referred to as AB.
AD is associated with an increased frequency of the apolipoprotein E (ApoE) e4
allele. ApoE is a secreted glycoprotein involved in cholesterol transport and neurite
outgrowth. In AD, ApoE is also found in amyloid deposits. ApoE binding to AB
peptide could lead to their aggregation into amyloid fibrils. Conversely, ApoE e 2
allele may be neuroprotective. 101 brains were obtained at autopsy from elderly
patients at different stages of amyloid deposition including 61 demented and 40 nondemented cases. For all of the cases, classical neuropathological examination was
performed. AB peptide and ApoE aggregated into amyloid fibrils was also quantified
by dot-blot immunoassay. A strong correlation was found between this AB
biochemical quantitation and number of amyloid deposits (per mm2) determined by
neuropathological examination. Using this method, we are able to determine the
amount of AB within amyloid deposits in the cerebral cortex of typical AD patients.
These data should allow to set up a better model of Alzheimer type amyloidosis.
ApoE detection was not proportional to A -immunoreactivity obtained by dot-blot
immunoassay. These data suggest that ApoE binding to AB within amyloid deposits
may be related to particular ApoE variants. Thus, ApoE was genotyped in 78 out of
the 101 cases. Interestingly, cases having at least one e 2 allele always demonstrated
lower AB amounts compared to other subjects. These data suggest that ApoE e 2
allele may facilitate clearance of AB peptide.
Supported by Laboratoires Glaxo, France and grants from AP-HP (Biologie du
Vieillissement 94.00.05 & 94.29.10) and CH&U, Lille (9306).

PHYSIOLOGICAL APOLIPOPROTEIN E e 3 AND e 4 ISOFORMS PROMOTE
FIBRILLOGENESIS OF AB (1-42) IN A THIOFLAVINE T ASSAY. D. Sweeney
Z. Zhou1. R. Martins1. H. LeVine2. J. Cheetham3. J. Breslow4. J. Smith! E
Greengard3and S. Gandy1*1Dept. of Neurology & Neuroscience, Cornell Univ.
Medical College, 1300 York Ave., New York, NY 10021; 2Dept. of Neuroscience
Pharmacology, Parke-Davis Pharmaceutical Research Division, Warner-Lambert
Company, Ann Arbor, MI 48106; 3Lab. of Molecular & Cellular Neuroscience, and
4Lab. of Biochemical Genetics & Metabolism, The Rockefeller Univ., 1230 York
Ave., New York, NY 10021
.
Genetic-neuropathological correlation has established that apoE e 4 specifies
increased cerebral amyloid plaque density. Thus, an important starting point for
understanding the role of apoE in Alzheimer disease is the elucidation of the relevant
apoE isoform-dependent interactions with AB. Here we report the application of a
thioflavine T based assay of AB fibrillogenesis kinetics to the study of apoE/AB
interactions, and use this assay to study modulation of AB fibrillogenesis using
metal ions, recombinant apoE isoforms, or physiological apoE isoforms from stably
transfected CHO cells. Aluminum, iron and zinc promoted fibrillogenesis of
synthetic AB (1-40) and AB (1-42) by 3-5 fold (p<0.001) following incubations of 1,
4 or 7 days. Recombinant baculoviral apoE isoforms had no obvious effect on
fibrillogenesis of AB (1-40) or AB (1-42) under the conditions studied. Physiological
apoE e 3 or e 4 isoforms, produced in conditioned serum- free media, stimulated
fibrillogenesis of AB(l-42) by approximately 1.8 fold (p< 0.01) as compared with
conditioned media from CHO cells transfected with an irrelevant construct. In
contrast, fibrillogenesis of AB (1-40) was not stimulated by physiological apoE
isoforms under the conditions studied. These results provide evidence that
physiological apoE isoforms can demonstrate profibrillogenic activity. The
similarity in the profibrillogenic activities of e 3 and e 4 isoforms raises the
possibility that interactions other than (or in addition to) apoE-mediated AB
fibrillogenesis might contribute to the apoE e 4 isoform specificity associated with
increased plaque density.
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670.12

ISOFORM-SPECIFIC EFFECT OF APOLIPOPROTEIN E ON THE
ASSOCIATION OF p-AMYLOID WITH NEURO-2A MOUSE
NEUROBLASTOMA AND RAW264 MACROPHAGE CELLS.
J. Smith1, F. Plum*2. J. Breslow1, P, Greenqard1, and S, Gandy1'2.
'Rcckefeller University, and 2Department of Neurology & Neuroscience,
Cornell University Medical College, New York, NY 10021.
Alzheimer's disease is characterized by senile plaques formed mainly
from p-amyloid peptide (A(p). Genetic analyses have revealed an allele
specific association of apolipoprotein E (apoE) isoforms with the relative
risk for Alzheimer's disease. In order to investigate the possible

APOLIPOPROTEIN E ALLELES IN CEREBRAL AMYLOID
ANGIOPATHY AND INTRACEREBRAL HEMORRHAGE
ASSOCIATED WITH ALZHEIMER'S DISEASE (AD)
R.N. Kalaria*. D.L.Cohen and D.R.D. Premkumar. Departments of
Neurology and Pathology, Case Western Reserve University and UH
Alzheimer Center, Cleveland, Ohio 44106, USA
The presence of apolipoprotein E (APOE)- E4 allele has been
implicated as a risk factor for AD. We examined the occurrence of
APOE E4 alleles in AD associated with cerebral amyloid angiopathy
(CAA) and other vascular lesions including intracerebral hemorrhage.
We found significantly high frequency of the APOE E4 allele in AD
subjects exhibiting moderate to severe CAA. This association was
further corroborated in three other non-AD subjects with severe CAA
in the absence of significant neocortical amyloid deposition, who were
all homozygous for APOE E4 allele. Compared to all AD group, The
frequency of the allele was also higher in AD cases with other vascular
lesions such as multiple infarcts, ischemic white matter lesions, and
petechial and subarachnoid hemorrhages. As previously reported, we
confirm that the frequency of the APOE E4 allele in the diffuse Lewy
body variant of AD is intermediate between controls and AD subjects.
Our results suggest APOE E4 allele to be a significant factor in the
development of CAA in AD. The possibility exists that APOE may be
a specific factor in vascular abnormalities associated with AD.
Supported by grants from NIA and ADRDA.

existence of an apoE isoform-dependent effect on the clearance of Ap,
synthetic A p (1-40) was labeled by iodination and incubated with Neuro2a or RAW264 cells in the presence of human apoE e3- or e4- containing
conditioned medium or control conditioned medium. After a 4 hr
incubation at 37°C, cells were washed and treated with trypsin to remove
surface bound Ap. The trypsin resistant, cell-associated Ap was
quantitated by measuring the radioactivity associated with the cell pellet.
When Neuro-2a cells were used together with conditioned medium

prepared from stably transfected CHO cells, the cell-associated Ap in the
presence of apoE e 3 was -30% lower than that which was cell-associated
in the presence of apoE e 4 (p < 0.001). However, when RAW264 cells
were incubated with conditioned medium prepared from transfected
RAW264 cells or control conditioned medium, the cell-associated Ap in
the presence of apoE e 3 conditioned medium was ~10% higher than that
which was cell-associated in the presence of apoE e 4 conditioned
medium (p < 0.05). These results suggest that apoE can have an
isoform-specific effect on the association of Ap with cells. The different
patterns of Ap association in these two cell types suggest that cell typedependent factors are also involved in this process.

670.13

670.14

APOLIPOPROTEIN E (APOE) FAILS TO ENHANCE THE EFFECT OF flAMYLOID ON PHOSPHOLIPASE C ACTIVITY AND ON CELLULAR
CALCIUM SIGNALLING Henrike Hartmann*. Anne Eckert and Walter E. Muller
Central Institute of Mental Health, Dept. Psychopharmacology, J5, 68159
Mannheim, Germany
The major component of senile plaques in Alzheimer's disease is -amyloid (BA)
which has neurotoxic properties and may contribute to neurodegeneration in AD.
Another risk factor for sporadic AD is the c4 allele of ApoE. Colocalization of BA
and ApoE has been observed in senile plaques and ApoE complexes with BA to form
stable fibrillay complexes. Recent work has demonstrated an amplifying effect of
various BA fragments on neuronal Ca2+ signalling and on phosphoinositide (PI)
hydrolysis. ApoE also enhances the rise in intracellular calcium ([Ca2+]i) following
neuronal depolarization. The aim of the present study was to investigate if
preincubation of BA with ApoE affects neuronal Pi-hydrolysis or [Ca2+]j in a
different way than BA or ApoE alone. For the determination of the Pi-hydrolysis
mechanically dissociated mouse brain cells were loaded with 3H-myo-inositol and
depolarized with KC1. [Ca2+]j was evaluated by the use of fura-2. A1-43, ApoE
and BA/ApoE (1/10) were dissolved in PBS and preincubated at 37°C for 2 days.
A 1-43 (^ lnmol/1) enhanced the KC1 (10mmol/l) induced inositolphosphate (IP)
accumulation in a concentration-dependent manner. In the presence of 1/imol/l A143 the amplification was about 30% above IP accumulation induced by KC1 alone.
This effect was restricted to submaximal depolarization of the cells with low KC1
concentrations (£20mmol/l). Incubation of the cells with ApoE (100nmol/l)
enhanced the KCE-nduc-ed IP accumulation to about 20% above control. In contrast
to the effect of BA the ApoE-induced amplification was also seen at higher KC1
concentrations, indicating that different mechanisms might be involved in the
enhanced Pi-hydrolysis induced by BA and ApoE. Coincubation of BA with ApoE
did not result in further enhancement of the effect of BA--43nnPI-hddrolysis atone.
Comparable effects were seen on the level of [Ca2+]i, where BA1-43 and ApoE
amplified the KCl-induced rise in [Ca2+]i without further enhancement of this effect
by BA/ApoE. Therefore in our model no evidence was found that ApoE by enhancing
BA aggregation amplifies the effect of BA on cellular signalling.

BINDING OF APOLIPOPROTEIN E2 TO fi-AMYLOID: COMPARISON
TO APOLIPOPROTEIN E3 AND E4. T.M. Pederson. D.E. Frail*. R.E.
Metzger, A.M. Manelli. C.A. Reardon. M.T. Falduto. G.S. Getz and M.J.
LaDu. Neuroscience Discovery, Abbott Laboratories, Abbott Park, IL
60064 and Dept. of Pathology, University of Chicago, Chicago, IL 60637.
In humans, apolipoprotein E (apoE) has three major isoforms, E2
(Cys1”, Cys’5*), E3 (Cys”2, Arg”8), and E4 (Arg"2, Arg1“). ApoE4 is a
genetic risk factor for Alzheimer’s disease (AD). Recent evidence suggests
that apoE2 may protect against late-onset AD.
We previously
demonstrated that native preparations of apoE3 from conditioned media
or human plasma bind to AG with 20-fold greater avidity than apoE4. This
preferential binding of AG to apoE3 was abolished with a purification
process which includes delipidation and denaturation. Here we expand
these observations to include AG binding to native apoE2, the isoform
deficient in binding to the low density lipoprotein receptor. Human apoE2
cDNA was transiently and stably transfected into HEK-293 cells and the
conditioned media was incubated with AG1-40 peptide.
Complex
formation was analyzed by non-reducing, SDS-PAGE, followed by
immunoblotting with either AB or apoE antibodies.
Under these
conditions, apoE2 migrates as dimer, apoE3 as monomer (-70%) and dimer
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(-30%o), and apoE4 as monomer. The presence of cysteine in apoE2 and
apoE3 allow these isoforms to form disulfide-linked dimers. Initial results
indicated that the apoE2 dimer-AB complex was less abundant than either
apoE3 monomer-AB or apoE4-AG complexes. We are currently purifying
apoE2 to determine its AG binding aapacity relatiee to hhe aaVee protein.
These data underscore the notion that the more prevalent apoE^ isoform
may provide protection from AD by binding to AB, while apoE2 and
apoE4 may lack this function.
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EFFECT OF APOLIPOPROTEIN E ISOFORMS ON fi-AMYLOID INDUCED
TOXICITY IN RAT PRIMARY HIPPOCAMPAL CULTURES.
M. T.
Falduto*, M.I. LaDu, A.M. Manelli, G.S. Getz, and P.S. Puttfarcken. Dept. of
Neuroscience, Abbott Laboratories, Abbott Park, IL 60064 and Dept. of
Pathology, University of Chicago, Chicago, IL 60637.
Apolipoprotein (apoE), particularly the e4 allele, is genetically
linked to Alzheimer's disease. Immunostaining colocalizes apoE with fiamyloid (Afi) to senile plaques. In vitro, Afi has been shown to be

EFFECT OF APOLIPOPROTEIN E ISOFORMS ON THE DEVELOPMENT
OF RAT PRIMARY HIPPOCAMPAL CULTURES. P.S. Puttfarcken*. A.M.
ManeHL M.T, Falduto, G.S, Getz, and M.T. LaDu, Dept. of Neuroscience,
Abbott Laboratories, Abbott Park, IL 60064 and Dept. of Pathology,

neurotoxic. While the role of apoE in the pathogenesis of the AD is
unknown, one possibility is that it protects against Afi-induced
neurotoxicity. As the hippocampus is the region of the brain most affected
by AD, we evaluated the effect of both native and purified preparations of
apoE3 and apoE4 on Afi-induced toxicity in primary cultures of rat
hippocampal neurons.
Morphological and biochemical changes were
assessed following plating with apoE (30 pg/ml) ± 15 pM Afi(l-42). We
have previously observed that apoE in conditioned media from HEK cells
stably transfected with human apoE3 or apoE4 cDNA is lipid-associated.
Using this native preparation as the source of apoE, both apoE isoforms
protected against Afi-induced neurotoxicity in primary rat hippocampal
cultures. Toxicity was assessed by neurite length and cell viability (MTT
assay) measurements made 3 days after exposure to the peptide. These
results correlated with microscopic examination. Using purified apoE,
again both isoforms protected against Afi-induced toxicity. The addition of
exogenous fi-migrating very low density lipoprotein (40 pg cholesterol/ml)
alone did not provide protection against Afi-induced toxicity or enhance the
protection provided by purified apoE3 and apoE4 alone. These data
suggest a role for apoE in protecting against Afi- induced neurotoxicity.

University of Chicago, Chicago, IL 60637.
The correlation between the e4 allele of apolipoprotein E (apoE) and
Alzheimer's disease is well established. However, the role of apoE in both
normal and pathological brain processes remains unknown. Previous work
has demonstrated that apoE has neurotrophic effects on cultured dorsal root
ganglion cells, possibly related to cholesterol delivery in the developing
cultures. To begin to understand the function of apoE in CNS neurons, we
treated rat primary hippocampal cultures with native or purified
preparations of human apoE3 or apoE4 (30 pg/ml). Morphological changes
were assessed by microscopic examination and measurements of neurite
length at 1 and 3 days following plating. We have previously observed that
apoE in conditioned media from HEK cells stably transfected with human
apoE3 or apoE4 cDNA is lipid-associated. Using this native preparation as
the source of apoE, apoE3 exhibited greater neurotrophic actions than
apoE4 at 1 day in culture. This effect was attenuated by day 3. A
comparable result was observed using purified apoE isoforms.
Neurotrophic effects were also observed 1 day following the addition of fimigrating very low density lipoproteins (>20 pg cholesterol/ml). None of
these treatments produced significant changes in cell viability. These results
demonstrate that this system is suitable for investigating the role of apoE in
the CNS.

670.17

EXPRESSION AND CHARACTERIZATION OF ALL THREE
APOLIPOPROTEIN E ISOFORMS (E2, E3, AND E4) IN INSECT
CELLS. W.J. Checovich* and T. Burke. PanVera Corporation,
Madison, WI 53711.
Apolipoprotein (Apo-) E is thought to play a role- in the progression
of Alzheimer’s Disease by way of its lipid transport role or by virtue of
its interaction with either p-amyloid protein, the microtubule protein
tau, or both. There are three primary Apo-E isoforms, E2, E3, and E4,
which differ from each other in one or two critical amino acids.
We have purified all three human Apo-E isoforms after baculovirusmediated expression in insect cells. Human recombinant Apo-E
(hrApo-E) has an apparent molecular weight of 34 kDa. Twodimensional gel electrophoresis reveals a complicated isoform pattern
which is reminiscent of the human serum Apo E pattern; along with
the primary hrApo-E band, three-to-four additional bands occur at
more acidic isoelectric points (pI), possibly representing sialylated and
deaminated forms of Apo-E. The pI’s of hrApo-E2, E3, and E4 are
6.25, 6.35, and 6.7 respectively. hrApo-E, reconstituted in DMPC
(dimyristylphosphatidylcholine) liposomes, competes with
I-LDL
for binding to the LDL receptor. All three isoforms also bind to pamyloid protein and tau.

BETA-AMYLOID:

671.2

671.1
A PROTEIN KINASE CASCADE STIMULATED BY Afi PEPTIDES: PKC,
FAK AND FYN C. Zhang*, G. Krafft, and W.L. Klein Dept. of Neurobiol. &
Physiol., Northwestern University, Evanston, IL 60208
It recently has been discovered that neuronal responses to Afi peptides
include a selective change in signal transduction associated with protein
tyrosine phosphorylation (Zhang, et al, J. Biol. Chem., 1994, 269:25247).
This change is most evident in FAK, an unusual protein tyrosine kinase (Clark
and Brugge, 1995, Science 268:233) coupled to integrins and other receptors,
to actin regulation, and to the ras signaling pathway. With respect to dose,
kinetics, dependence on cell differentiation and requirement for Afi
aggregation, the evoked FAK Tyr (P) correlates with Afi neurotoxicity, in both
rat and human nerve cell lines. FAK thus provides an interesting molecular
landmark to elucidate the cascade of intracellular events triggered by Afi
aggregates. We now show that aggregates of Afi stimulate FAK-fyn association,
indicating that the Afi-stimulation of FAK Tyr(P) is of functional consequence,
and that PKC participates upstream in the signaling pathway from Afi to FAK
Tyr(P). How the cascade is triggered is unknown, although stimulation of FAK
Tyr(P) by A23187 and by mas-7 suggest that Afi could access the cascade by
promoting Ca++ leak or modifying G-protein function. While their potential
down-stream consequences are extensive, the coupling of PKC, FAK and jyn to
mitogenic pathways are especially intriguing; recent reviews (Heinz, TINS
1993, 18:157) have suggested that ectopic entry to the cell cycle in neurons
could cause programmed cell death. Because fyn immunoreactivity is
significantly increased in Alzheimer's-afilicted neurons (Shirazi, Neuroreport
1993, 4:435), this cascade could be a significant factor in Alzheimer's
pathogenesis, especially if amyloid-evoked disregulation offyn activity should
prove to be neurodegenerative.
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SECRETED FORM OF AMYLOID PRECURSOR PROTEIN PRIMES NAIVE
PC12 CELLS FOR NEUROTROPHIC EFFECTS OF NERVE GROWTH
FACTOR. W.C. Wallace*. W.E. Lyons, C. Akar, and V. Haroutunian. National
Institute on Aging/GRC, Baltimore, MD 21224, Mount Sinai School of Medicine, New
York.
Subcortical lesions of various neurotransmitter systems result in the in vivo induction
and secretion of amyloid precursor protein (APP) in the corresponding projection fields
of the cortex. In order to understand the physiological role of the secreted APP, we have
studied the interaction of purified secreted human APP751 with NGF. APP induced a
relatively modest outgrowth of neurites (approximately 25% of cells exhibited neurites)
from naive PC 12 cells when present at 50 to 100 ng/ml concentrations in the media. The
induction was rapid (maximal effect after one day) but shortlived (decline in number
of neurites after 3 days). In contrast, NGF-induced neurite outgrowth required at least
3 days and was present at maximum numbers after 7 days. Simultaneous addition of
suboptimal concentrations of APP (1 ng/ml) and NGF (1-5 ng/ml) dramatically elevated
neurite outgrowth, suggesting a synergistic interaction of the two factors. Similar
effects were observed when APP was bound to laminin and extracellular matrix
(matrigel) substrata. The ability of low levels of NGF (5 ng/ml) to induce neurites was
increased 3- to 4-fold with APP present in the substrata. In addition, low concentrations
of APP (which did not induce neurites) primed naive PC 12 cells for subsequent neurite
induction by NGF. Naive cells were treated with either 10 ng/ml APP or 50 ng/ml NGF
for 4 days. The cells were triturated and replated in the presence of various
concentrations of either APP or NGF. Compared to NGF primed cells, those cells
primed with APP exhibited the most rapid and dramatic response to subsequent
treatment by NGF, showing neurites 2 hours after exposure to NGF. APP-induced
neurite outgrowth was minimal for cells .initially primed with either APP or NGF.
These results implicate APP as a co-growth factor in the injured cortex where it may act
to make damaged neurons more responsive to the low levels of NGF.
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NEURITE EXTENSION ASSAY DETECTS THE DEFECTIVE FUNCTION DUE
TO SWEDISH MUTATION IN AMYLOID B/A4 PROTEIN (APP) H.L.

Li.J.M. Roch, M. Pawlik*, S. Sisodia and T. Saitoh.

Sch. of Med.,

Dept. of Neurosciences, Univ. of Ca, San Diego, La Jolla CA 92093.
Alzheimer’s disease (AD) is characterized by selective loss of
large neurons, decrease in presynaptic terminal density, and
amyloid accumulation in the brain. The abnormal expression or
processing of APP might play a critical role in these pathogenic
process.
To test this hypothesis, the human Swedish mutant
APP695 cDNA, was stably transfected to a clonal CNS neuronal line,
B103, and an African green monkey kidney cell line, COS-1, and
compared with wild type APP695 tranfected cell lines. B103 cells

transfected with Swedish mutant APP695 construct developed
neurites significantly slower than those transfected with wild type
APP695 when plated in a serum-free defined medium.
Neurite
outgrowth of parent B103 cells promoted by the addition of
conditioned medium (CM) from wild type APP695 overproducing
cells. However, neurite outgrowth was inhibited by the CM from
Swedish mutant APP695 overproducing cells. The effect of Swedish
mutant on neurites was not entirely due to the production of Ap
peptide. We determined that the secreted form of APP (sAPP)
through a-secretase cleavage (sAPPa) could block the effect of Ap,
whereas sAPP produced by p-secretase (sAPPp) could not under the

PHYSIOLOGIC LEVELS OF 6-AMYLOID (Ap) ACTIVATE PI3-KINASE
AND PROMOTE NEURITE OUTGROWTH IN PC12 CELLS. Y. Luo*, T.
Sunderland and B. Wolozin Section on Geriatric Psychiatry, NIMH/NIH,
Bethesda, MD 20892-1264
The ap peptide plays an important role in Alzheimer's disease but is also
present in blood serum and cerebrospinal fluid at 225 - 625 pM. The
potential physiologic actions of low level ap have not been explored. We
have found that picomolar doses of ap can stimulate tyrosine
phosphorylation of neuronal cells. One of the phosphasyl proteins
responding to ap is phosphatidylinositol-3 kinase (PI3 kinase). Three
independent lines of evidence support the hypothesis that ap is activating
PI3 kinase through a tyrosine kinase mediated mechanism.
Immunoblotting studies show that ap induces tyrosine phosphorylation of
p85 as well as binding of the p85 subunit of PI3 kinase to tyrosine
phosphorylated proteins. Studies of glycosylated membrane proteins
show that ap induces a translocation of p85 to membrane bound proteins,
which are likely to be receptors. Finally, direct determination of lipid kinase
products show that ap increases the activity of PI3 kinase in antiphosphotyrosine immunoprecipitates. Activation of PI3 kinase by ap also
stimulates PC12 cells to send out processes. Processes are evident
within 8 hrs of application of 10 - 1000 pM ap; doses above this inhibit
process outgrowth. Wortmannin, a selective inhibitor of PI3 kinase, blocks
this response.
Thus, physiologic levels of ap stimulate tyrosine
phosphorylation which leads to the activation of PI3 kinase and stimulation
of neurite outgrowth.

identical condition. These results demonstrate the importance of the
C-terminal cleavage site (a or p) on the trophic activity of sAPP
regulating the deleterious effect of Ap. We suggest that not only Ap
but also the secreted form of APP is critically involved in the
pathogenesis of AD.

671.5

671.6

CONNEXIN43 (Cx43) AND GAP JUNCTIONS IN PC 12 CELLS
OVEREXPRESSING p/A4 AMYLOID AND Cx43 ELEVATION IN

p-AMYLOID DECREASES ADHESION OF FIBROBLASTS IN
CULTURE.

ALZHEIMER'S DISEASE. J.I. Nagy*, M.Z. Hossain, B.D. Lynn, W. Li,
E.L. Hertzberg and C.A. Marotta. Dept. Physiol., Univ. of Manitoba,
Winnipeg, Canada, Dept. of Neurosci., Albert Einstein College of Med.,
Bronx, NY and Dept. of Psych., Brown Univ., Providence, R.I.
Previous studies have shown that PC 12 cells overexpressing p/A4 amyloid
peptide display altered morphology characterized by extensive intercellular
appositions. To determine if these features are accompanied by gap junctional
communication, we examined connexin43 (Cx43) in normal and p/A4transfected PC 12 cells. Two p/A4-transfected PC 12 clones exhibited induced

Cx43 expression by Western blotting, intracellular and plasma membraneassociated Cx43 in some cells of cultures processed by immunofluorescence,
dye-transfer between some cells microinjected with Lucifer Yellow, gap
junctions between cells examined by EM, and transmission of intercellular
Ca++ waves in cultures imaged with fura-2. Normal and vector-transfected
PC 12 cells exhibited none of these properties. Increased immunofluorescence
in some clusters of p/A4-transfected cells was also observed with a

monoclonal antibody against Cx32. Comparisons of Cx43 in normal and
Alzheimer's Disease (AD) brain indicated that cortical areas with numerous
p-A4 amyloid plaques contained increased levels of Cx43 and some plaques
corresponded to sites of elevated Cx43 immunoreactivity. If p/A4 amyloid

R E. Majocha* and J. Schneider. Dept. of Psychiatry and Human
Behavior, Miriam Hospital and Brown University, Providence, RI
02906
Fibroblasts from Alzheimer’s Disease (AD) victims demonstrate
several abnormalities. These include reduced spreading, decreased
adherence on plastic culture plates and absence of a 113-pS potassium
channel. The channel defect was simulated in normal fibroblasts by the
addition of p-amyloid. To study the effects of p-amyloid on the
adherence of cultured mouse fibroblasts, cells were exposed to the 40
residue form under a variety of conditions. By acutely or chronically
administering P-amyloid to cultured cells, we were able to demonstrate
that the protein interferes with normal cell adherence on a number of
substrates. Rates of adhesion with acutely added p-amyloid were
decreased on the laminin derived peptide IKVAV and on collagen I
but not on plastic alone. The effect was concentration dependent.
P-amyloid, when used as a substrate, decreased adherence . It is
apparent that P-amyloid can have deleterious effects even on nonneuronal cell types.

peptide causes aberrant gap junctional communication through induction or
mcreased expression of connexins in cells, this may compromise cellular
homeostatsis and exacerbate pathological conditions in amyloid plaques.

671.7

671.8

PHYSIOLOGIC LEVELS OF 6-AMYLOID AUGMENT PLATELET
AGGREGATION. B. Wolozin*, C. Jones, R. Dukoff, N. R. Shulman and
T. Sunderland. Section on Geriatric Psychiatry, NIMH and Clinical
Hemotology Branch, NIDDK, Bethesda, MD 20892.
E-amyloid is constitutively secreted by many cells and is normally
present in our blood and CSF at levels ranging from 225-625 pM.
Although micromolar levels of aggregated aB are toxic to neurons, the
functions of soluble ap is unknown. We now report that ap appears to
play an important physiologic role in augmenting platelet aggregation.
Addition of 1 nM ap]-40 to gel filtered platelets in Tyrodes buffer

UBIQUITIN-DEPENDENT PROTEIN DEGRADATION IS INHIBITED
BY AMYLOID BETA-PROTEIN. L. Gregori*, M. Pereira#, and D.
Goldgaber. Dept. of Psychiatry and Behavioral Science, Sch. of Medicine,
SUNY at Stony Brook, Stony Brook, NY 11794.# Dept. of Pharmacology,
Mt. Sinai Medical Center, New York, . NY 10029.

increased the sensitivity of the platelets to ADP-induced aggregation
approximately 2-fold. Addition of ap alone, however, did not induce
platelet aggregation, both ADP and fibrinogen were required, and RGDS,
which blocks fibrinogen-integrin binding, prevented aggregation. The ap
peptide augmented ADP-induced aggregation at doses of ap beginning at
100 pM, peaking at 1 nM ap and evident up to 1 pM. The reverse ap40-l
sequence and the ap25-35 sequence were both inactive, while ap1-16
showed weak (25%) enhancement of platelet aggregation. Addition of
wortmannin, which inhibits PI3 kinase, reduced the effects of ap on
aggregation, suggesting that PI3 kinase is involved in the ap-response.
Biochemical studies show that ap induces rapid increases in tyrosine
phosphorylation of a protein at 180 kDa, which occurs even in the
absence of ADP or fibrinogen, suggesting that this process is directly
related to binding of ap.
These results show that p-amyloid at
physiological plasma levels markedly potentiates platelet aggregation
possibly by activating a specific tyrosine kinase-linked cellular
receptor.
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Ubiquitin and ubiquitin conjugate immunoreactivity is typically
observed in neurofibrillary tangles and inclusion bodies in the brains of
individual affected by neurodegenerative disorders such as Alzheimer’s

disease and Down’s syndrome. In addition to ubiquitin, amyloid p-protein
(Ap) immunostaining is also detected in neurofibrillary tangles. We
investigated the correlation

between the presence

of Ap and

the

accumulation of ubiquitin conjugates. In our in vitro studies using

radiolabeled lysozyme as the substrate, we found that synthetic Ap,-^,
inhibited ubiquitin-dependent degradation pathway. In the presence of Ap,
lysozyme-ubiquitin conjugates were normally formed and subjected to
deubiquitination. However, their degradation was inhibited which is
consistent with Ap affecting the multi-subunit 26S proteasome activity. We

tested the catalytic subunits of the 20S proteasome and found that Ap^
selectively inhibited the chymotrypsin-like activity within the proteolytic

complex. Inhibition of ubiquitin conjugate degradation by Ap would
explain the accumulation of high levels of ubiquitin conjugates which are
found in neurofibrillary tangles and inclusion bodies. Furthermore, these
studies identify Ap as an inhibitor of the 26S proteasome which, if occurs

in vivo, has important physiological significance and consequences.
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EXOGENOUS AMYLOID AG1-42 STIMULATES THE INTRACELLULAR
ACCUMULATION OF NEWLY SYNTHESIZED, 4 kDa AMYLOID PEPTIDE
IN THE INSOLUBLE FRACTION OF TRANSFECTED CELLS.
A. J. Yana. T. Shu, A. Henshen and C. G. Glabe* Dept. of Molec. Bio. and
Biochem., University of California, Irvine. CA 92717.
Our earlier reports have indicated that intracellular AG1-42 aggregates alter

the turn-over of APP to cause the accumulation of insoluble APP and
amyloidogenic fragments. To determine whether this accumulation
ultimately gives rise to the production of more AG, we examined the insoluble
fraction of AG1 -42-treated cells for the presence of 4 kDa amyloid peptides.
35s-met labeled 4 kDa AG peptides were immunoprecipitated from the
detergent insoluble fraction of the cell lysate by anti-AG antibodies. The

amyloid peptides were purified by size gel filtration and reverse phase
column chromatography. Sequence analysis of purified peptide indicated
that some of the newly synthesized peptides are "ragged" as previously
observed for the exogenously added peptide. These peptides were eluted
as a broad peak by a reverse-phase HPLC; this chromatographic properties
is very similar to the AG1 -42. In addition, the purified 35S-met labeled

amyloid peptides form SDS-stable high molecular weight aggregates with
synthetic AG1-42, suggesting that at least a fraction of these peptides
extends to residue 42. Therefore, our results suggest the intracellular Api 42 aggregates serve as a nucleus for the further accumulation of additional
newly synthesized AG peptides. Supported by NIH AG00538 and NS31230.

671.11

INTRAHIPPOCAMPAL
AMYLOID
BETA-PEPTIDE
1-42
INTERFERES TWO WEEKS LATER WITH ONE-TRIAL REWARD
LEARNING. P.G. Negrete,
R.E. Plotner*, R.M.
Greenwood. W.D. Moon, M. Moroney, P. Olachea,
L.R. Rigsby, S. Hajmuhammad, T. Giordano1 and
D.H,
Malin.
Univ.
of Houston-Clear
Lake,
Houston, Tx 77058 and 'Symphony Pharmaceut. Inc.,
Malvern, Pa 19355.
Amyloid beta-peptide 1-42 (AB) is a major
plaque constituent found in Alzheimers Disease
(AD). Nine Sprague-Dawley rats received 7
hippocampal microinjections per side of AB 1-42
(Abbott Labs. 9 nmol per site) in DMSO, while 7
received equivalent injections of AB 1-42 with
a scrambled amino acid sequence in DMSO, and 7
received DMSO alone. After 14 days, all rats
were trained on a one-trial discriminative reward learning task using a starburst maze.
Retention of this task has previously proved to
be sensitive to the effects of aging, cholinergic activity and other AB fragments;. On the retention trial one day later, the AB 1-42 group
had significantly more errors than DMSO controls (Dunnett's Test). The scrambled AB 1-42
group did not differ significantly from controls. The AB 1-42 group also had significantly
slower speed (reciprocal of latency to reward)
than DMSO controls;. Again, the scrambled AB
group did not significantly differ from controls. There were no significant differences on
the initial training trial. The results suggest
that AB peptides may play a causal role in the
memory deficits of AD.

PERSISTENT ACTIVATION OF MICROGLIA BY LPS INFUSED WITH AB
1-40 PEPTIDE AND PERLECAN S.A. Benkpyic*. S.A. Fargher. M.N. Gordon.
and D.G. Morgan Department of Pharmacology and Therapeutics. University of
South Florida. Tampa. FL 33612-4799
Prior studies injecting LPS into rat brain to activate microglia found the
inflammatory reaction resolves within two weeks of injection (Andersson et al.
1992). We have investigated the activation of microglial cells in the brain by
infusion of LPS into the hippocampus in combination with the AB 1-40 peptide
and the heparan sulfate proteoglycan. perlecan. Fisher 344 rats were cannulated
unilaterally in the hippocampus and infused with 200 pl of solution containing
l5pg LPS. 250 pg AB 1-40. and 70 pg perlecan in PBS delivered by an osmotic
minipump at a rate of 0.5pl/h for 14 days. At eight weeks following surgery.
animals were sacrificed and their brains sectioned and stained with Nissl
(ribonucleoprotein particles) or Thioflavin S (amyloid). or immunostained with
antibodies against GFAP (astrocytes) or the MHCII marker OX -6 (microglia).
We report a persistent activation of microglial cells following an infusion
of LPS. AB 1-40. and perlecan into the hippocampus. Eight weeks post surgery.
brains contained a significantly elevated number of OX-6 immunopositive microglia
in rats receiving LPS plus amyloid compared to amyloid alone (p < 0.05). The
ipsilateral microglial response involved multiple brain regions whereas the
contralateral response was confined to the hippocampus. In addition. the area of
necrosis produced by the injection was significantly greater in those rats retaining
amyloid deposits at the eight week time point. No effects of LPS or residual
amyloid on GFAP immunoreactivity were observed. These data suggest that
sustained infusion of LPS plus amyloid into the brain results in the persistent
activation of microglial cells. Once activated. microglia may phagocytise deposited
amyloid concomitantly initiating the neurodegeneration associated with Alzheimer's
disease. Supported by the Alzheimer's Association 11RG 93-083 (DGM).

671.12
LEVELS OF B-AMYLOID AND B-AMYLOID PRECURSOR PROTEIN
IN HUMAN CSF ARE LINKED TO CHOLINESTERASE ACTIVITY.
R.T. Carroll!^ K.S. Kim2, C.A. Parker!. M.R. Lust3 and M.R.
Emmerlingl. ^Neuroscience Therapeutics. Parke-Davis Pharmaceutical
Research Division, 2800 Plymouth Road, Ann Arbor, MI 48106-1047.
^Institute for Basic Research in Developmental Disabilities, 1050 Forest
Hill Road, Staten Island, NY 10314-6399. 3St. Vincent Medical
Center, 2213 Cherry Street, Toledo, OH 43608-2691.
We have evaluated 110 human cerebrospinal fluid samples from
individuals ranging in age from newborn to 82 years to determine their
cholinesterase (ChE) activity, APP and B/A4 levels. When examined, no
age-related change in the average level of either APP or B-amyloid was
observed. However, a significant correlation was observed between ChE
and APP content (p>0.001) and between ChE and B-amyloid content
(p<0.001). Upon closer examination, this correlation was' found to be
developmentally regulated. In neonates (0-1 mdnth), ChE activity
correlated with APP levels (p<0.001) but not with B-amyloid levels.
However, in the 1 month to 1 year age group, ChE activity correlated
with B-amyloid content (p<0.001) and not with APP. After 1 year of
age, a significant correlation was found between ChE activity and APP or
B-amyloid content This correlation also increased in significance with
increasing age. A significant correlation between APP and B-amyloid
(p<0.001) was also found in CSF. Again, this relationship was found to
be developmentally regulated and only existed in individuals over 25
years of age. The underlying mechanisms explaining the correlations
presented here are not clear at this time, however, these data do suggest a
link between cholinergic activity and APP processing.

671.13
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CHOLINESTERASE ACTIVITIES AND LEVELS OF APP, sAB. AND
COMPLEMENT PROTEINS Clq, C3 AND C9 IN CSF FROM NORMAL AND
AD PATIENTS. P.D. Doyle1. R.T. Carroll1. J. Jaen1*. K.S. Kim 2. H.
Wisniewski.2T. Wisniewskj3. & MR. Emmerling1. ^arke-Davis Pharmaceutical
Research, 2800 Plymouth Rd.. Ann Arbor. MI 48105. 2New York State Institute for
Basic Research. 1050 Forest Hill Rd. Staten Island. NY 10314. 3Dept. Neurology,
NYU Medical Center. 550 First Avenue. New York. N.Y. 10016.
It has been suggested that certain proteins in the cerebrospinal fluid (CSF) might
change as a result of Alzheimer’s Disease (AD). We measured several proteins and
soluble amyloid peptide (sAB) in CSF samples from non-AD and AD patients.
Samples of CSF from AD (21) and non-AD (15) patients had comparable levels of
AChE. BuChE. APP. sAB. Clq and C9. Only. the complement protein C3 showed a
statistically significant. but modest (40%) increase in AD versus non-AD CSF. A
good correaltion existed between the APP and sAB measured in the AD (R = 0.75)
and in the non-AD (R = 0.70) samples. AChE and sAB. and AChE and APP levels
in the AD and non-AD samples were also correlated. In the AD samples. sAB and
AChE. and APP and AChE had R values of 0.52 and 0.83. respectively. In non-AD
samples. the R values for sAB and AChE (0.30) and APP and AChE (0.67) were
less than in the AD samples. There was little correlation between the sAB and
BuChE levels (R = 0.19) and APP and BuChE (R = 0.18) in the AD CSF. A better
correlation between sAB and BuChE levels (R = 0.56) and APP and BuChE (R =
0.44) was seen in the non-AD CSF samples. In conclusion. we found little
difference in the levels of different proteins and sAB in the CSF from AD and nonAD patients. We observed a good correlation between the levels of sAB. APP and
AChE in the AD and non-AD CSF samples. However. there was a poor correlation
for sAB and APP with BuChE n the AD samples. but not in the non-AD samples.
This may imply that AD causes a disco-ordinated expression of certain proteins in
the CSF relative to BuChE. but no major changes in the absolute protein levels.

CHRONIC BETA-AMYLOID TREATMENT: EFFECTS
INCORPORATION OF FATTY ACIDS INTO RAT BRAIN
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S.K. Brining* and M. Chang. Lab. Neurosciences. NIA. NIH. Bldg.

10/Rm. 6C-103, Bethesda MD 20892-1582.
The present study evaluated the effects of chronic BA4 (1-40;
Bachem. Torrance CA) administration on fatty acid incorporation
into rat brain. BA4 was chronically infused intraventricularly via an
osmotic mini-pump (Model 2ML1; Alza, Palo Alto CA) for 7-10
days at a concentration of 460 pM.

After the infusion. fatty acid

metabolism was evaluated using an in vivo method developed in this
laboratory (Robinson et al., Brain Res. Reviews 17:187. 1992).
Three radiolabeled fatty acids including [1-l4C]AA (Amersham.
Arlington Heights IL; 170 pCi/kg). [1-4C]DHA (Dupont NEN,
Boston MA; 110 pCi/kg) and

[9.10-3H]PAM (Dupont NEN; 6.7

mCi/kg). reflecting structural and functional cellular roles. were
infused i.v. in awake animals. Biochemical and histological analyses

showed no effect due to the presence of pA4. However. in vitro
tests. using the same lot (#445) of BA4. showed that it caused
significant cell death in PC-12 cells. Furthermore. 0A4 that had been

retrieved from the pumps after the in vivo infusion was also toxic to
PC-12 cells.
A finer-grained analysis, using autoradiographic
imaging. is underway. In addition, the fate of the PA4 in the rat
brain is being examined using Western blotting.

WEDNESDAY AM
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671.15
RABBIT RETICULOCYTE LYSATE Ronald S. Black*. Cornell Univ.
Med. Coll. at Burke Medical Research Inst., White Plains, NY 10605
Neurodegeneration in Alzheimer's disease is accompanied by the
accumulation of insoluble aggregates of tau proteins conjugated to

ubiquitin. The DEAE-cellulose binding fraction of rabbit reticulocytes,
containing enzymes of the ubiquitin degradation system (Fraction II)

was used to conjugate bovine ubiquitin to tau proteins prepared
from twice-cycled bovine brain microtubules.

In the presence of

ATP, an ATP regenerating system, and hemin, which inhibits the
breakdown of ubiquitin conjugates, high molecular weight ubiquitinconjugated tau proteins accumulated. Tau-ubiquitin conjugation did

not occur in the absence of ATP.

In the absence of hemin, tau-

ubiquitin conjugates did not accumulate and the tau proteins were

degraded in an ATP- and ubiquitin-dependent fashion.

Some tau

proteolysis occurred in the absence of ATP; quantitative studies
using 125l-labelled tau demonstrated that ATP-dependent proteolysis

was 2-3 fold greater than ATP-independent
0-amyloid

peptides

inhibited

proteolysis in this

the

ATP-dependent

degradation of 125-l labelled tau in the reticulocyte lysate system.
Ap(1-28) was a more potent inhibitor than was Ap(1-40). The effect

of Ap(1-28) was dose dependent and was half maximal at 5pM
peptide concentration.

The degree of inhibition (40-70%) was

comparable to that of 20 pM hemin. This system may provide an in-

vitro model of metabolic processes relevant to the pathogenesis of
AD.

EFFECTS I

671.16

BETA-AMYLOID INHIBITS PROTEOLYSIS OFTAU PROTEINS BY

system.

CELLULAR

Supported by the NIA (AG00504)

P-AMYLOID 25-35 (PA) INDUCED TAU-IMMUNOREACTIVITY FOLLOWING
INJECTIONS INTO THE AMYGDALA OF RATS IN VIVO. E. M. Sigurdsson*, M. J.
Heina, D. J. Magnuson, J. M. Lee and S. A. Lorens. Depts. Pharmacology and
Pathology, Loyola Univ. Chicago Medical Center, Maywood IL 60153.
Alzheimer's disease (AD) is characterized histopathologically by plaques and
tangles in several brain regions. To determine if 0A induces tau-immunoreactivity
(IR) in vivo, we injected PA (5.0 nmole) into the right amygdala (AMY) of rats.
Control rats received vehicle (VEH) infusions. In the first experiment, PA
increased tau-2-IR ipsilaterally in the AMY (PA = 226 ±95 cells; VEH = 10 ±7,
p<0.001), cingulate cortex (PA = 94±3O; VEH = 0, p = 0.004) and hippocampus
(HIP) (PA = 251 ±78; VEH = 5±4, p<0.001) of rats sacrificed 8 days
postoperatively (PO). In the second experiment, tau-2-IR was increased in the
AMY (PA = 721 ±194; VEH = 48 ±24, p = 0.033) and HIP (PA = 938±84;
VEH = 310±161,p = 0.013) of rats sacrificed 32 days PO. As with tau-2 the
intensity of Alz-50-IR in PA rats was greater .at 32 days than 8 days. In the third
experiment, immunoblots were performed on the AMY of rats sacrificed 8 days
PO.
Some were perfused with phosphatase inhibitors (PI), others were
decapitated without perfusion. Preliminary results revealed Alz-50-IR bands of
similar size in Pl-perfused PA and VEH rats. Alz-50-IR bands were virtually absent
in non-perfused VEH rats and normal human brain but were observed in nonperfused PA rats and AD brain. Surprisingly, no difference was seen in the
density of the bands in left vs right AMY, although PA was only injected into the
right AMY. No difference was observed in tau-1-IR between PA and VEH rats.
These data suggest that in vivo PA time dependently increases tau-IR in the
vicinity of the injection site as well as at distant sites, possibly by acting on
nerve terminals to cause cytoskeletal alterations in axons and perikarya.
Immunoblotting supports the immunohistochemical findings that PA affects the
state of phosphorylation of tau proteins, suggesting an association between
plaque and tangle formation in AD. The tau-1 blots indicate that PA does not
induce changes in the amount of normal tau or in the proportions of its
respective isoforms.

671.17
AMYLOID B PEPTIDE (25-35) INDUCES TAU
PHOSPHORYLATION AND DECREASES MICROTUBULEFORMING ABILITY IN RAT HIPPOCAMPAL CULTURE A.
Takashima*, K. Ishiguro, K. Noguchi, G. Michel, M. Hoshi, K.
Sato, M. Takahashi, T. Hoshino, T. Uchida, and K. Imahori.
Mitsubishi Kasei Institute of Life Sciences, 11 Minamiooya, Machidashi, Tokyo 194, Japan
According to the amyloid hypothesis for the pathogenesis of AD,
amyloid B peptide (AB) directly affects neurons, leading to
neurodegeneration and tau phosphorylation, followed by the production
of paired helical filament (PHF) in neurofibrillary tangles (NFT).
Consistent with this idea, primary cultures of embryonic rat hippocampal
neurons undergo progressive degeneration as well as expression of an
epitope for phosphorylated tau after exposure to AB. However, it is
unclear whether the tau is phosphorylated at the same sites as PHF-tau,
and whether the phosphorylated tau causes destabilization of
microtubules in hippocampal culture after treatment with AB. These are
crucial points for understanding the relationship between AB and
phosphorylation of tau in the pathogenesis of AD. To address these
points, we analyzed tau phosphorylation in a rat hippocampal culture
treated with AB (25-35). By using antibodies that recognize
phosphorylation sites of tau in a phosphorylation-dependent manner, we
showed that the tau phosphorylation was enhanced in at least 5 sites.
The phosphorylated tau accumulated in the cytoplasmic soluble fraction
and showed reduced ability to support microtubule formation, as has
been observed with PHF-tau. Thus, AB exposure could modify tau to a
PHF-like state in rat hippocampal culture, suggesting that this culture
system may be a useful model for studying the pathogenesis of AD.

BETA-AMYLOID:

CELLULAR EFFECTS II

672.1

672.2

MODIFICATION OF MACROPHAGE INFLAMMATORY RESPONSE BY
ALZHEIMER P AMYLOID PEPTIDE.
A. Klegeris, D.G. Walker, E.G. McGeer and P.L. McGeer*. Kinsmen Lab. of
Neurological Research, Department of Psychiatry, University of British Columbia,
Vancouver, B.C. Canada, V 6T 1Z3.
Brain resident macrophages (microglia) have been found to be closely associated with
P amyloid containing plaques in brain tissue affected by Alzheimer’s disease.
Immunohistochemical data suggest that these cells are activated, thus indicating that
inflammatory mechanisms may be involved in the pathogenesis of Alzheimer’s
disease. We previously reported that activation of rat peritoneal macrophages by
P amyloid peptide and its subfragment (25-35) can be readily detected in several
assay systems (Klegeris et al. (1994) BBRC, 199, p.984) including respiratory burst
induction.
Here we show by cytochrome c reduction that both P amyloid peptide (1-40) and its
subfragment (25-35) can induce production of superoxide anion in macrophages.
In addition to this short-term (minutes) response a long-term effect can be
demonstrated. When macrophages are pretreated with P amyloid peptides for
1.5 hours, and subsequently stimulated with opsonized zymosan or phorbol myristate
acetate, the resulting superoxide generation rate is increased significantly compared
with cells not so pretreated.
It is well known that such potent macrophage activators as lipopolysaccharide,
interferon yand tumor necrosis factor a can induce (prime) macrophages into a state
of enhanced respiratory burst potential. The ability of P amyloid peptides also
to increase the responsiveness of macrophages to various stimulating agents, thus
enhancing the cytotoxic potential of these cells, could be an important factor in the
pathogenesis of slowly progressing neurodegenerative disorders, including
Alzheimer’s disease.
Supported by a grant from the Jack Brown and Family AD research fund.

AP IMPAIRS ION-MOTIVE ATPase ACTIVITIES: EVIDENCE
FOR A ROLE IN LOSS OF NEURONAL Ca2+ HOMEOSTASIS
AND CELL DEATH. R. J. Mark*1. K. Hensley2, D.A. Butterfield2 and M.P.
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Mattson! 1Dept. of Anatomy & Neurobiology and Sanders-Brown Center on Aging
and 2Dept. of Chemistry and Center of Membrane Sci, Univ of Kentucky,
Lexington, KY 40536.
The amyloid P-peptide (AP) that accumulates as insoluble plaques in the brain in
Alzheimer's disease (AD) can be directly neurotoxic and can increase neuronal
vulnerability to excitotoxic insults. Exposure of cultured rat hippocampal neurons
to AP 1-40 or AP25-35 causes a selective reduction in Na+/K+-ATPase activity
which precedes loss of calcium homeostasis and cell degeneration. AP did not
impair Na+/Ca2+ exchange. Experiments with ouabain, a specific inhibitor of the

Na+/K+-ATPase, demonstrated that impairment of this enzyme was sufficient to
induce an elevation of [Ca2+]i and neuronal injury. Impairment of Na+/K+ATPase activity was causally involved in the elevation of [Ca2+]| and neurotoxicity
since suppression of Na+ influx significantly reduced AP- and ouabain-induced
[Ca2+]i elevation and neuronal death. Antioxidants prevented AP-induced

impairment of Na+/K+-ATPase activity, elevation of [Ca2+]i and neurotoxicity,

suggesting a role for free radicals. Impairment of Na+/K+-ATPase appears to be
mediated through an intracellular pathway, because ueatment of partially purified
membranes with AP failed to impair the pump. Some neurotrophic factors have
been shown to protect neurons against AP toxicity. We report that bFGF attenuates
AP-induced peroxide accumulation, impairment of the Na+/K+-ATPase, and
neurotoxicity. We also found that AP impairs both the Na+/K+ and plasma
membrane Ca2+-ATPases in human synaptosomes, suggesting that impairment of
the ion-motive ATPases may play a role in the pathogenesis of AD.

1719
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672.3
MODULATION OF INTRACELLULAR ATP BY AB(1-40) IN RAT CORTICAL NEURONAL
CELLS. Z Zhang, G, J, Drzewiecki, FI, E. Rvdel#, S. Wright#, P, C. May and P, A., Hvslop*,
Dept. CNS Research, Eli Lilly & Co., Lilly Corporate Center, Indianapolis, IN 46285. #Athena
Neurociences, 800 Gateway Blvd., So. San Francisco, CA 94080.
Maintenance of intracellular ATP is critical to neuronal survival during sublethal toxic
insults induced by a wide variety of mediators generated during inflammation in the CNS in
Alzheimer's disease by glial activation and amyloid B (AB) accumulation. We sought to
determine if exposure of primary cultures of rat cortical neurones to AB(1-40) depressed
intracellular ATP as an early event in the progression of the neurotoxic insult. Intracellular
ATP fell in a dose-dependent manner on exposure to AB. Previous studies from a number of
labs have shown that a component of AB toxicity may involve oxidant generation. We
measured dichlorofluorescein (DCF) and dihydroethidium (DE) fluorescence as markers of
intracellular H2O2 and O2-. generation respectively in response to AB. No increase in DE
was observed. DCF was significantly increased up to 24 hr. Cell viability was not significantly
altered up to 24 hr, but declined after 48-72 hr. The glycolytic enzyme glyceraldehyde-3phosphate dehydrogenase (GAPDH) activity is inhibited by exogenously added H2 O2, but
was not inhibited by AB exposure up to 24 hr. The decline in intracellular ATP is unlikely to
result from inhibition of this enzyme by AB. We are continuing to evaluate the potential role
of oxidant stress on cell metabolism and/or signal transduction.
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5.1 ±0.58
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5.0 ±0.36
5.0 ±0.3
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672.4
P-AMYLOID PEPTIDE EXERTS A RAPID INHIBITORY
EFFECT UPON A NON-MITOCHONDRIAL NADPH-OXIDASE,
J.B, Davis*. S. Parvathy, M.S.G. Clark. G.W. Roberts, Molecular
Neuropathology, SmithKline Beecham, Harlow, CM 19 5AW, UK,
PA4 is toxic to primary and clonal neuronal cells, The cytotoxic
mechanism is unknown, but is associated with an increase in
intracellular hydrogen peroxide and an early cellular response
involving redox pathways that reduce MTT,
pA4 (0,01-10^M) has no effect upon cellular ATP production in
rat neuroblastoma B12 or PC 12 cells, Depletion of mitochondria by
ethidium bromide pretreatment has no effect upon basal level of
MTT reduction, nor upon its modulation by pA4, These data
indicate that the redox pathway involved is not the respiratory chain,
commonly thought to be the site of MTT reduction,
Using
respiratory chain and glycolytic inhibitors [rotenone (50nM),
antimycin-A (l28pM), 2-deoxyglucose (13mM) (DG), iodoacetate
(2pM)] we demonstrate that the redox pathway inhibited is
dependent upon reducing potential generated via glycolysis, most
probably NADPH, Unlike DG, pA4 does not inhibit the generation
of this reducing potential, suggesting that the direct or indirect effect
of pA4 is to inhibit an oxidase itself,
We conclude that an early effect of pA4 is the inhibition of a nonmitochondrial NADPH-oxidase,

672,5

672,6

Depolarization of Mitochondrial Membrane Potential Accompanies Bamyloid-induced compromise of cellular redox potential. E.J.
Hunnicutt?* Jr., J.N. Davis and J.C. Chisholm , Institute for Dementia
Research, Bayer Corp., West Haven, CT 06516
Neurotoxicity of the ubiquitous B-amyloid peptide(s) (BA4), deposited
in plaques characteristic of Alzheimer's disease, varies with
experimental protocol, even in vitro. Compromise in dehydrogenase
activity (redox state), which accompanies treatment with neurotoxic
BA4 peptides, occurs rapidly (within 15 min) in a variety of cells, and
precedes cell death in cultured rat hippocampal neurons. The redox
compromise is associated with dose-dependent alterations in the
pattern of cellular deposition of MTT product (insoluble formazan) in
each cell. The subcellular distribution of the MTT product appeared to
colocalize with a rhodamine mitochondrial dye in untreated cells. Since
the BA4-induced alteration occurs in all cells, it suggests that each cell
possesses a component of redox which is sensitive to these peptides.
We now report that BA4 also produces a rapid depolarization of
mitochondrial membrane potential, as measured with the fluorescent
ratiometric mitochondrial membrane potential dye, JC-1, using
confocal laser microscopy. This mitochondrial depolarization occurs in
parallel with the compromise in MTT-reportable redox state. These
data support an early mitochondrial involvement in a cellular response
to BA4, at concentrations which are selectively toxic to neurons.

B-AMYLOID INDUCED CHANGES IN THE RESPIRATORY BURST ACTIVITY OF CULTURED RAT MICROGLIA CELLS
F.L. Van Muiswinkel. B. Drukarch* and P. Eikelenboom. Research Institute
Neurosciences Vrije Universiteit, Faculty of Medicine, Dept. of Psychiatry and
Neurology*, Van der Boechorststraat 7, 1081 BT Amsterdam, The Netherlands.
Activated microglia, often associated with neuritic amyloid plaques in
Alzheimer’s disease (AD) brain, are likely to contribute to the progression of the
disease process, e.g., by releasing neurotoxic reactive oxygen species (ROS).
The mechanisms whereby microglia cells become activated, however, are largely
unknown. Therefore, the aim of the present study was to examine the effect of
the P-amyloid peptide (AP) on the respiratory burst activity of microglia cells.
Microglia, isolated from neonatal rat cortices, were cultured for 24h in the
presence of synthetic AP-peptides (Bachem, California) before the respiratory
burst activity was studied. AB-peptides, previously stored at 500^M in ddH20 at 7O°C, were diluted in serum-free culture medium and added to the cultures at a
concentration of 1-50^M. Superoxide anion (O2") production was assayed by the
(superoxide dismutase inhibitable-) O2'-mediated reduction of iodonitrotetrazoliumviolet whereas the release of nitric oxide (NO) was determined with the Griess
reagent. In ABl-40 and ABl-42 pretreated cultures, neither the survival and the
spontaneous release of NO and (O nor the LPS-mediated induction of NO
production was altered. However, pretreatment for 24h with ABl-40 (1-10^M),
but not ABl-42, resulted in a statistically significant increase (1.5 to 2 fold) in the
phorbol 12-myristate 13-acetate (PMA; 0.01gg/ml) stimulated production of 02.
Phase contrast microscopy revealed that particularly those microglia cells located
in the close vicinity of AP fragments were highly responsive. It is concluded that,
as far as the production of O2 is concerned, ABl-40 acts as a priming rather than
a triggering stimulus on the respiratory burst activity of cultured rat microglia
cells under our conditions.

672,7

672,8

P-AMYLOID INTERACTS WITH THE INTEGRIN RECEPTOR
MAC-1
RESULTING IN NITRIC OXIDE RELEASE
FROM
CULTURED MICROGLIA. J. Goodwin, C. Martens, and E. Uemura*.
Department of Anatomy and Neuroscience Program, Iowa State University, Ames,
IA 50011.
While the P-amyloid protein of Alzheimer’s disease (AD) has been well characterized
biochemically, its primary biological function and mode of action in cells of interest
in AD has not been determined. In previous studies, P-amyloid (p25-35 and pl-40)
with IFN-y was shown to trigger nitric oxide release from cultured microglia] cells.
A potential receptor for this effect is the microglial P2 integrin, Mac-1. We
examined the interaction of P-amyloid (P25-35) with Mac-1 by a) performing
competitive binding studies between biotinylated P25-35 and FTTC-labeled anti-Mac1 antibodies to Mac-1 using immunofluorescence flow cytometry and b) observing
the effects of anti-Mac-1 monoclonal antibodies (Mabs) on the microglial release of
nitric oxide. For the competitive binding studies, microglial cells isolated from the
hippocampi of P2-4 rats (Holtzman) were exposed to biotinylated P25-35 (R-PE
labeled), FITC-labeled anti-Mac-1 Mabs, or P25-35 followed by FITC-labeled antiMac-1 Mabs, and analyzed for fluoresence intensity by flow cytometry. For the nitric
oxide studies, harvested microglia were plated onto 24-well culture plates (pre-treated
with P25-35) in the presence or absence of anti-Mac-1 Mabs, incubated for 72 hours
and analyzed for nitrite release. Flow cytometry revealed P-amyloid binding and
upregulation of anti-Mac-1 Mab binding to microglial cells. Cultured microglia
showed a decrease in P-amyloid/IFN-y induced NO release when treated with antiMac-1 Mabs. Our study suggests an interaction between P-amyloid and the
microglial Mac-1 receptor resulting in NO release. Such an interaction may have
implications in the neurodegeneration seen in Alzheimer’s disease.

AMYLOID PRECURSOR PROTEIN INHIBITS ASCORBATE INDUCED
LIPID PEROXIDATION IN HUMAN CORTEX. A.C. Andorn* and
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M.A. Pappolla.
Dept. of Psychiat., St. Louis Univ.
Hlth. Sci. Centr., and St. Louis VAMC, St. Louis, MO
(63125) and Dept. of Pathol., Univ. of Texas Hlth. Sci.
Centr., Houston, TE (77030).
Amyloid precursor protein (APP) is the progenitor of
P-amyloid (PAM) which accumulates in fibrillar form in
neuritic plaques and walls of blood vessels in
Alzheimer’s disease (AD).
Lipid peroxidation (LP) is a
result of increased oxidative damage which may play a
role in the pathogenesis of AD.
The interaction between
APP and LP was not known. We now report that when
ascorbate (0.1 mM) is used to stimulate LP in
particulate membrane fragments derived from presumptive
normal human prefrontal cortex, APP completely inhibits
the stimulated LP.
Computer assisted analysis of the
merged dose-response data (N=3) showed an IC50 of 5.7 x
Similar analysis of data obtained using
10-&M.
fragments of APP, showed the following IC5Q: PAM25-35
(2.4 x 10-5m), PAMIRS (5.6 x 10^M) and PAM^-^ (1.7 x
10-3m).
PAM that had been incubated to produce the

neurotoxic equivalent and then used in the experiments
generated an IC50 of 3.6 x 10”5m.
These data suggest

that APP and some of its cleavage products can prevent
LP at certain concentrations.
The physiologic relevance
of this finding remains to be determined.
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FREE RADICAL INVOLVEMENT JN B-AMYLOID TOXICITY. »C. Cafe*, ’C
Tom. ’L. Bertorelli, 2n . Angeretti, 2e . Lucca, 2g . Forlorn, *F. Marzatico.
1 Istitulo di Farmaeologia, UnivensUdi Paaia, Italy
2 IstiiuloOiRi<tcrche Fa^raeologiehe" Mario NNer^, MilaaoJtuly
Previous data showed that a synthetic peptide (B 25-35) homologous io residues 2535 of B-protcin (AB) plays a neurotoxic action, inducing cell death by apoptosis.
There is some evidence that oxygen radical reactions play a role in Alzheimer's
disease phytopathology. Furthermore oxidative stress has been shown to be able to
induce neuronal death by apoptosis. The aim of this work was to investigate whether
free radical reactions may play a primary role in oeurodegenerativc events associated
with AB deposition.
Primary cortical neurons were exposed chronically and acutely to 50 ^M B 25-35: for
the acute exposure a solution of the peptide was added to the medium after 7 days of
culture and the effect was observed the following day; the chronic treatment consisted
of a single exposure for 3 days or repeated treatments every 2 days up to day 7 in
culture.
The following parameters were evaluated: antioxidant enzymes superoxide dismulase
and glutathione peroxidase, lipid peroxidation products (TBARS) and intracellular
reactive oxygen species production, using a fluorescent probe, dichlorofluoresein
diacelate.
B 25-35 treatment induced a marked increase of superoxide dismutase activity only
after acute exposure, while it had no effect during chronic treatment. Glutathione
peroxidase showed changes only following chronic treatment. Lipid peroxidation index
was unaffected during chronic treatment, while the acute exposure of neurons to B 2535 showed a paradoxical protective effect, being lipid peroxidation product level
significantly higher in the control neurons. ROS production, measured
fluorimetrically, was markedly enhanced in both chronically and acutely exposed
neurons.
Io conclusion, our results suggest that oxidative stress and free radical production are
somehow linked to the peptide presence, and, may be, to its neurotoxicity.

POSSIBLE MECHANISMS OF APOPTOSIS INDUCED BY
EXPRESSION OF MUTANT AMYLOID PRECURSOR PROTEIN IN
PC12 CELLS B. Zhaod)*. S. S. Sisodia<2). andJ. W. Kusiakd). Molecular
Neurobiology Unit, GRC/NIA/NIH, Baltimore, MD 21224(1); Department
of Pathology, Johns Hopkins University, Baltimore, MD 212O5(2).
Mutations found in the amyloid precursor protein (APP) gene of certain
familial Alzheimer's disease (AD) pedigrees provide general mechanistic
implications for the disease, suggesting a crucial role for altered APP
processing in developing neuropathology of AD. Several groups reported
extracellular neurotoxicity of fibrillar amyloid p-peptides (Ap). Recent
evidence indicated that apoptosis is associated with AD and oxidative
stress can initiate apoptosis in neurons. We previously reported increased
apoptosis in PC 12 cells stably transfected with constructs harboring mutant
APP genes (APP692, APP693, APP717F). The present studies further
investigated possible molecular and cellular mechanism(s) of mutant APP
induced apoptosis in these cell lines. By Western blot analysis we showed
an increased level of large carboxyl terminal fragments (CTFs) of APP
within the cells expressing mutant APPs. We did not observe an increased
level of Ap by immunoprecipitation in conditioned medium from the cells
expressing mutant APPs. Treatment of untransfected parental PC 12 cells
with conditioned medium from mutant APP transfectants did not enhance
apoptosis as measured by flow cytometric analysis. When N-acetylcysteinc
(NAC, 25mM), a thiol antioxidant, was added to mutant cell lines prior to,
but not after, the initiation of apoptosis, DNA laddering was inhibited in
APP692 transfected cells. However, NAC showed no effects on apoptosis
in APP717 transfected cells. These data suggest that the potentially
amyloidogenic CTFs generated from mutant APPs may have neurotoxic
effects on the cells intracellularly. Oxidative stress seems to be one of the
mediators leading to apoptosis induced by mutant APPs, which in turn may
contribute to the neuronal loss in AD.

672.11

672.12

EVIDENCE FOR DNA DAMAGE, BUT NOT APOPTOSIS, IN
ALZHEIMER’S DISEASED (AD) BRAIN. L.S. Perlmutter*, A.F. Bushnell,
Y.-P. Li, S, Webster, S. Wong. Institute for Dementia Research, Bayer
Corp, West Haven, CT 06516.
While controversial, recent work suggests that BA4-mediated neurotoxicity may operate via an apoptotic pathway in cultured cells. Also, a
transgenic mouse line overexpressing intraneuronal BA4 exhibits staining
of neuronal nuclei with a kit designed to label the nicked ends of DNA.
The present study used one such kit (Apoptag, Oncor) to label autopsy
samples from AD (n = 5) and non-AD (n = 5) brains to determine the

p AMYLOID-INDUCED NEURONAL DEATH IN MURINE CORTICAL
CULTURES: ATTENUATION BY PHORBOL ESTER OR HIGH K+. J. Koh*, M.
I. Behrens, S. L. Sensi, L. M. T. Canzoniero, B. J. Gwag and D. W. Choi. Dept. of
Neurology and Center for the Study of Nervous System Injury, Washington Univ.
School of Medicine, St. Louis, MO 63110
Aggregated p amyloid peptides induce neuronal death in cultures. Although the
mechanism of this death is still unknown, proposed possibilities include i) formation
of Ca2+ ionophores; ii) destabilization of Ca2+ homeostasis; and iii) generation of free
radicals.
Murine cortical cell cultures exposed to 10-40 pM synthetic p amyloid (pl-42;
obtained from K-biologicals) developed concentration-dependent, gradually
occurring neuronal death, partly blockable by the protein synthesis inhibitor,
cycloheximide. This pl-42-induced neuronal death was not associated with an
increase in neuronal [C^];, measured at 12 and 24 hr after exposure onset. Indeed, it
was potentiated by lowering extracellular Ca2+, or variably by addition of glutamate
antagonists (10 pM MK-801 or 50 pM CNQX), or 20 pM nimodipine. Furthermore
addition of the phorbol ester PKC activator, 10 nM PMA, or 30 mM K+, reduced pl42-induced neuronal death. Addition of trolox, superoxide dismutase/catalase, or Narginine, did not attenuate the pl-42 neurotoxicity.
These data are consistent with an idea that pl-42-induced neuronal death may
occur at least in part via mechanisms involving intracellular Ca2+ insufficiency and

physiological relevance of apoptosis to AD Fixed samples from hippocampus, cerebellum, and Brodmann’s areas (BA) 22 and 17 were vibratome-sectioned and labeled free-floating. A subset were prepared for
electron microscopy. Some sections were double-labeled with thioflavine
S, or immunocytochemically for BA4 (4G8) or PHF- tau (AT8). In addition,
frozen brain samples taken from an adjacent region of BA 17 (the area
with the most Apoptag staining) were examined for DNA laddering.
While many more stained nuclei were evident in all AD brain regions examined as compared to non-AD, the location of labeled cells (which were
overwhelmingly neurons) did not correlate with either the pattern of ADassociated neuronal loss or with the presence of AD hallmark lesions (Bamyloid plaques, neurofibrillary tangles). At the ultrastructural level, no
clear apoptotic bodies or cells with pyknotic nuclei were observed; labeled
nuclei did not differ in any apparent morphologic way from unlabeled nuclei. Finally, DNA laddering was not seen in any sample from AD brain;
one non-AD sample exhibited laddering that was not correlated with
Apoptag staining in the fixed section. These data indicate that the AD
pathogenetic process may involve fragmented or nicked DNA, but provide
no evidence thus far that apoptosis is the mechanism involved.

new macromolecule synthesis, and fit with other data suggesting that this death may
involve apoptosis (Loo et al., PNAS, 90:7951,1993).
Supported by NIH NINDS grant NS 30337 (DWC).

672.13

672.14

COMPARISON OF ALTERED GENE EXPRESSION DURING NEURONAL
DEATH INDUCED BY NGF WITHDRAWAL, AMYLOID B-PROTEIN
TREATMENT, OR GLUCOSE DEPRIVATION. S. Estus#*. C. van
Rooven#, M. MattsonC E.F. Brigham§, and R.E. Rydel§. Depts. of

BIOLOGICAL EFFECTS OF NON-FIBRILLOGENIC p-AMYLOID AND
PRP PEPTTOES. G. Forloni*, E.Lucca, N. Angeretti, L. De Gioia, L.Diomede,
O.Bugiani°, F.Tagliavini0 and M.Salmona, Istituto di Ricerche
Farmacologiche Mario Negri, °Istituto Neurologico Besta, Milano Italy.
Cerebral amyloid-p protein deposits is a major pathological feature of
Alzheimer's disease. Also in spongiform encephalopathies (SE), altered
form of prion protein (PrP) aggregates in amyloid fibrils and accumulates in
the brain of affected individuals. Synthetic peptides homologous to p 25-35

Physiology#, Neurobiology and Anatomy*, Sanders-Brown Center,
University of Kentucky, Lexington, KY 40536, and Athena
Neuroscience, Inc.§, South San Francisco, CA 94080.
We previously identified a pattern of gene expression that
accompanies the neuronal apoptosis of rat sympathetic neurons
induced by NGF deprivation. This temporal cascade begins with

transcription factors such as c-jun and c-myb, followed by c-fos,
fos B, NGFI-A, and rhl, and then two extracellular matrix proteases
regulated by c-Jun and c-Fos, i.e., transin-1 and collagenase.
Moreover, neutralizing antibodies against the Jun family, the Fos
family, or c-Jun specifically, blocked apoptosis, indicating that
these gene products are necessary for apoptosis. To examine
whether this genetic cascade occurs in other in vitro models of
neuronal death, we have examined rat cortical neurons (i) treated
with the Alzheimer amyloid B-protein (AB) or (ii) subjected to
glucose deprivation. When neurons were treated with 20 pM AB,
we observed robust inductions of c-jun, beginning at 12 hours,
followed by c-fos and fos B, beginning at 24 hours, with death (LDH

release) beginning at 48 hours. Similar genetic changes were not
observed after glucose deprivation. In future experimentation, we
shall confirm and extend these findings. The present results suggest
that the induction of c-jun and c-fos may be specific to certain
types of neuronal death.
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and to PrP 106-126 fragment induced neuronal death by apoptosis in vitro.
Furthermore, accordingly with pathological features of SE, chronic
treatment with PrP 106-126 increased the proliferation rate and GFAP
expression in astrocytes p 25-35 and PrP 106-126 fragments have a p-sheet
structure and exhibit self-aggregation properties. Since the neurotoxicity of

these peptides has been associated with their fibrillogenic activity, we
synthesized amidated homologous, p 25-35-NH2 and PrP106-126-NH2, to
obtain peptides with low level of amyloidogenic activity and directly test
the relationship between amyloid fibrils and neuronal death or astroglial
proliferation. The p-sheet conformation and the self-aggregation activity

of both amidated peptides were strongly reduced as determined by circular
dichroism spectroscopy analysis and electron microscopy examination. Rat
hippocampal neuronal cells were chronically exposed to both amidated
peptides (25-100 pM). p25-35-NH 2 compared to p 25-35 reduced its
neurotoxic activity, while the neuronal cell death induced by PrF106-126N H2 was similar to that observed by exposure to unmodified peptide. In
contrast, rat astrocytes chronically exposed to PrP106-126-NH2 (25-100 pM)
did not alter their proliferation rate and GFAP expression compared to
control condition was unchanged. Thus, astrogliosis induced by PrP 106-126
appear associated with self-aggregation activity while toxic effect, unlike
p 25-35, was independent of the peptide amyloidogenic activity.
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ANALYSIS OF TRANSCRIPTIONAL CHANGES IN RESPONSE TO fiAMYLOID INDUCED NEUROTOXICITY. T. Sunderland*. J. W. Kusiak
and B. Wolozin. Section on Geriatric Psychiatry, NIMH and Molecular
Neurobiology Unit, NIA, Bethesda, MD 20892.
Recent studies have shown that specific transcripts, including Jun and
Fos, are upregulated during neuronal apoptosis (Freeman, et al, Neuron
12: 343-355, 1994). We have now analyzed changes in gene expression

occurring during fi-amyloid (afi)-induced cell death in order to better
understand the mechanism of action of aggregated afi. Cortical neurons
from E18 rats were grown in culture for 10 days, transferred to serum free
medium and then treated with 10 pM aged afi1_42 for 1-72 hrs. The RNA
was harvested and transcriptional changes were analyzed by semiquantitative PCR. Several transcripts examined, including G3PDH,
NGF-IA and p53, showed no changes during the course of treatment with
afi. Two transcripts, Fos and Bel X showed rapid and persistent
elevation evident 4 hrs after application of afi. The levels of Jun, Bax

and cyclin D1 also increased, but over a slower time course, being evident
10 -24 hrs after treatment with afi. The levels of Bcl2 increased from 4 10 hrs after application of afi, but then declined as the levels of Bax
increased. Such reciprocal expression of Bcl2 and Bax has been observed
in other systems as well. The patterns of gene expression induced in
response to aggregated afi resemble that seen during neuronal apoptosis
in response to growth factor withdrawal, and set the basis of an
understanding of afi-induced cell death on a molecular level.
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GENERATION OF AMYLOIDOGENIC ALZHEIMER'S AMYLOID
PRECURSOR PROTEIN FRAGMENTS DURING H202 INDUCED
APOPTOSIS IN HUMAN NEURONAL CELLS
L. Zhang*1. J.W. Kusiak2. B. Zhao2 and G. S. Roth1
’Molecular
Physiology & Genetics Section, Lab. of Cellular & Molecular Biology.
Molecular Neurobiology Unit. Lab. of Biological Chemistry. NIA/NIH,
Baltimore, MD21224
A number of groups have reported apoptotic cells in Alzheimer's
brain. This suggests a role for neuronal programmed cell death
(apoptosis) in the development of Alzheimer's disease (AD). To explore
how apoptosis may relate to AD pathophysiology. we studied the
processing of amyloid precursor protein (APP) during H2O2 induced
apoptosis in cultured human neuroblastoma cells. We found increases
in amyloidogenic fragments of 12 and 16 kDa both prior to and after
apparent induction of neuronal programmed cell death which was
indicated by DNA laddering. The level of full length APP was dependent
on the concentration of H2O2 used. We conclude that a neuronal
apoptotic process may generate fragments containing intact P A4 peptide
which is neurotoxic. Since PA4 has been recently shown to induce
apoptosis. we further hypothesize that amyloidogenic fragments may
induce a cycle of apoptosis which generates additional toxic fragments
and such a vicious cycle may contribute to the neuronal loss during AD
development.

MECHANISMS OF DEGENERATION I
673.2

673.1
DISTRIBUTION OF IL-la-IMMUNOREACTIVE CELLS IN CORTICAL
LAYERS: IMPLICATIONS FOR ^-AMYLOID PRECURSOR PROTEINIMMUNOREACTIVE PLAQUE FORMATION. J.G. Shene,* R.E. Mrak.
and W.S.T. Griffin. Ark. Children’s Hosp. Res. Inst., Dept. of Veteran’s
Affairs Med. Ctr., Univ. Ark. Med. Sci., Little Rock, AR 72202.
The cytokine interleukin-1 (IL-1) is a potent neurotrophic factor that
is present in elevated levels in brain of Alzheimer disease. IL-1 induces
excessive expression of 0-amyloid precursor protein (/3-APP), suggesting that
IL-1 is an important pathogenic factor in plaque evolution.
We used
computer image analysis to determine the number, size, and immunoreactive
intensity of IL-la immunoreactive (IL-la+) microglia in temporal lobe of 9

Alzheimer and 4 control patients. The number of IL-la+ microglia and the
average IL-la+ cell soma area in cortical layers 1 and 2 were similar in

Alzheimer and control patients. In contrast, in layers 3 through 6, the
number of IL-la+ microglia in Alzheimer’s disease was significantly elevated
when compared to controls (3.5-fold in layer 3 and 2-fold in layers 4, 5, and
6), as was and the IL-la immunoreactive content of microglia (2-fold higher

in layers 3, 4, and 5; and 1.2-fold higher in layer 6; p < 0.05). The
distribution of /3-APP+ plaques in cerebral layers correlated with that of ILla+ microglia (R = 0.99; P < 0.005), as did the total immunoreactive area
of these 0-APP+ plaques (R = 0.95; P < 0.05). This topographical
correlation between microglial IL-la and neuritic /3-APP overexpression
supports a role for IL-1 in induction of /3-APP overexpression and promotion
of dystrophic neurite formation in Alzheimer’s disease, and thus in the
evolution of diffuse amyloid deposits into neuritic ^-amyloid plaques.
Supported in part by NS27414, AG10208, and AG12411.

Clq IN ALZHEIMER'S DISEASE CORRELATES TO
SEVERITY OF DEMENTIA AND COLOCALIZES TO MATURE
PLAQUES AND NEURONS. N.C. Berchtold. B.J. Cummings. D.C.
Cribbs. R. Shankle. D. McCleary, A Afagh. J. Ulas*. A.J.. Tenner.

C.C. Cotman. Institute for Brain Aging and Dementia, University of
Irvine, CA 92717-4550 USA

Numerous studies have implicated the immune system as
contributing to the neuropathology present in Alzheimer's disease
(AD) (See McGear et al., 1994, Eikelenbloom et al., 1994 for reviews).
In particular, activation of the complement system is suspected of
constituting a significant factor in AD progression. AB is known to
bind Clq. We have previously reported that levels of Clq are
decreased in cerebrospinal fluid (CSF) of Alzheimer's patients,
suggesting increased binding of complement proteins in the Ad brain.
We have expanded on this study to include a larger sample size,
across a broader range of dementia scores. Further, we have
increased the number of control cases. We confirmed the previous
findings and report that CSF Clq levels correlate with the degree of
dementia of the AD individuals. We have also investigated the
localization of this inflammatory marker in brain tissue with
immunohistochemical double and triple labeling techniques. Using
affinity purified anti-Clq and anti fil-42, and counter staining for fistructure with thioflavine-S, we find that Clq colocalizes with later
stage plaques, but rarely with diffuse plaques. Furthermore,
numerous neurons in AD brain stained immunopositive for Clq,
while minimal labeling was observed in control brain tissue.
Interestingly, most Clq positive neurons were neither AT8 positive,
nor PHF-1 positive. However, extracellular PHF-1 positive NFT’s
were Clq positive. These results implicate a complement mediated
inflammatory process as an early selective event in injured or
stressed neurons, in AD.

673.3

673.4

EXPRESSION OF COMPLEMENT INHIBITORS Cl INHIBITOR AND
PROTECTIN (CD59) BY HUMAN NEURONS DERIVED FROM NTERA2
TERATOCARCINOMA CELLS. D.G. Walker*, J. Xiao, E.G. McGeer and P.L.
McGeer. Kinsmen Laboratory of Neurological Research, Department of Psychiatry,
University of British Columbia, Vancouver, B.C. Canada, V6T1Z3.
Studies of brains from Alzheimer Disease (AD) cases have shown evidence of
inflammatory changes in affected tissue, as demonstrated by the presence of reactive
microglia and complement proteins of the classical pathway. Activation of the
complement system in brains of AD patients may be leading to the death of healthy
neurons (bystander lysis). Immunohistochemical studies from this laboratory have
indicated that neurons may have the ability to express certain proteins that can
inhibit different stages of the complement cascade.
To explore further the potential expression by neurons of complement cascade
inhibitory molecules, pure cultures of cells with the characteristics of post-mitotic
human neurons were prepared from the NTERA2 teratocarcinoma cell line.
Following retinoic acid treatment, purified cells were prepared for gene expression
studies by short term culture in serum-free media. Cells were stimulated with y
interferon, interleukin 1fi or phorbol myristate acetate. Using the reverse
transcription-polymerase chain reaction (RT-PCR) technique, Cl inhibitor gene
expression was detected in a number of independent preparations of neuronal cells.
Cl inhibitor expression was low or absent in unstimulated neurons, and was greatly
increased by treatment of cells with y interferon. Protectin gene expression was
detected in these cells by RT-PCR, by immunoblot analysis and by
immunocytochemistry. In confrast to Cl inhibitor, protectin expression was not
increased by y interferon stimulation. These results indicate that human neurons
can express crucial complement inhibitory proteins. Understanding how these
proteins can be regulated may lead to potential therapeutic strategies for affecting
the progression of neurodegenerative diseases like AD.
Supported by a grant from the Jack Brown and Family AD research fund.

INFLAMMATORY MECHANISMS OF NEURODEGENERATION. THE
ROLE OF THE COMPLEMENT DERIVED ANAPHYLATOXIN C5a. G.
Tocco’*. W. Musleh1, and G.M. Pasinetti2. ’Division of Neuroscience, Hedco
Neuroscience Program, USC, Los Angeles, CA 90089; 2Division of
Neurogerontology, Andrus Gerontology Center, USC, Los Angeles, CA 90089
This study addresses the role of the proinflammatory anaphylatoxin C5a in
mechanisms of hippocampal neurodegeneration. We found that the pyramidal
neurons in the CA3 sub-region of the hippocampal formation in congenic mice
genetically deficient in complement component C5 (C5 ) are more susceptible to
glutamate mediated neurodegeneration, relative to C5-sufficient mice (C5+).
Moreover, the C5 derived anaphylatoxin C5a (human recombinant) was shown
to diminish glutamate-mediated neurotoxicity in vivo. Therefore, the proinflammatory anaphylatoxin C5a might also be a neuroprotectant. Potential
mechanisms include regulation of glutamate receptors and local control of
cytokine expression that may influence hippocampal responses to lesions. We
found that C5’ congenic mice show selective impairment of Ca++ dependent
regulation of glutamate AMPA receptors in CA1/CA3 pyramidal neurons during
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response to hippocampal lesions and found that hippocampal astrocytes cultured
from C5' mice have hypersecretion of the cytokines IL-6 and TNF. These data
are consistent with our findings showing C5a receptor (C5aR) expression in
CA1/CA3 pyramidal neurons and astrocytes of the mouse hippocampal
formation. This study may lead to a better understanding of complementmediated pathophysiology in Alzheimer disease and other neurodegenerative
diseases which involve excitatory AA pathways. Ongoing studies using a C5aR
knockout mouse model will clarify the role of the pro-inflammatory
anaphylatoxin C5a in brain. This work was supported by the Nathan W. &
Margaret T. Shock Aging Research Foundation to GMP.
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COEXISTENCE OF ALZHEIMER'S DISEASE WITH HERPES
VIRUS ENCEPHALITIS.P. Staub, J. Colmer, F. Denaro
and D. Freed*, Texas Tech University HSC, Lubbock,
TX 79430
At present there are no treatments for
Alzheimer's disease but diagnostic techniques have
progressed using peripheral markers and clinical
tests.
Problems in treatment or diagnoses can
arise if Alzheimer's disease is present with other
conditions that cause dementia, such as herpes
virus encephalitis.
In the present report we
examine both the clinical progression of dementia
and the histological picture of herpes virus
superimposed on Alzheimer's disease.
Several
important points were noted: The mental status of
Alzheimer's patients should be evaluated at
routine intervals.
If a sudden change in mental
status occurs,
evaluation of other medical
conditions should be performed. With the advent
of PCR, viral testing may be more easily done and
antiviral
treatment
initiated
if
needed.
Examination of the brain of this Alzheimer's
patient revealed viral infection
using EM,
immunocytochemistry and in situ hybridization. In
addition, the histological picture of AD was
superimposed in some of the infected areas NS31875

MECHANISMS OF DEGENERATION I

673.6
MERCURY VAPOR INHALATION INHIBITS BINDING OF
GTP TO TUBULIN IN RAT BRAIN: A MOLECULAR LESION
PRESENT IN ALZHEIMER BRAIN. F.L Lorscheider. MJ.
Vimy, J.C. Pendergrass and B.E. Haley*. Univ. of Calgary Fac. of
Med., Calgary. AB T2N 4N1 CAN and Univ. of Kentucky Col. of
Pharm., Lexington, KY 40536 USA.
Hg2+ interacts with tubulin and disassembles microtubules that
maintain neurite structure. Hg vapor (Hg°) is also continuously
released from "silver" amalgam tooth fillings and is absorbed into
brain (FASEB J. 9: 504-508, 1995). In the present study rats were
exposed to Hg° 4 h/day for 0,2,7,14 and 28 d at 250 fg Hg/m3 air,
a concentration present in mouth air of some humans with many
amalgam fillings. Average rat brain Hg concentrations increased
significantly (11-47 fold) with duration of Hg° exposure. By 14 d
Hg° exposure, photoaffinity labelling of the 8-subunit of the tubulin
dimer with [aiP]8N3GTP in brain homogenates was decreased
75%, upon analysis of SDS-PAGE autoradiograms. The identical
neurochemical lesion of similar magnitude is evident in most

Alzheimer brain homogenates when compared to human agematched controls. Since the rate of tubulin polymerization is
dependent upon binding of GTP to tubulin dimers, we conclude
that chronic inhalation of low-level Hg° can inhibit polymerization
of tubulin essential for formation of microtubules.
(Supported by: NIH GM35766; Wallace Genetic Fndn.; IAOMT)

673.7

673.8

1 "AN INHIBITOR OF THE 20S PROTEASOME INDUCES A STRESS RESPONSE IN A
MOUSE NEURONAL CELL LINE, MANIFESTED BY ACCUMULATION OF
UBIQUITINYLATED PROTEINS AND OF THE INDUCIBLE FORM OF HSP70." Maria E.

• CULTURE OF ADULT RAT NEURONS AND THEIR AGE-DEPENDENT
GLUTAMATE AND LACTATE TOXICITY. • PJ. Price1* and G.J. Brewer2.
'GIBCO/Life Technologies, Grand Island, NY 14072 and 2Southern Illinois

Fieueiredo-Pereira*. Sophie Kurdziel & Ronald P. Magnusson. Dept. of
Pharmacology, Mount Sinai School of Medicine of CUNY, N.Y., N. Y. 10021.
Ubiquitin-protein conjugates are commonly detected in neuronal brain inclusions of
patients with neurodegenerative diseases suggesting that a common molecular
response involving ubiquitinylated proteins occurs in chronically degenerating
neurons. The ubiquitin/ATP-dependent proteolytic system (26S proteasome) plays a
major role in the removal of short lived, abnormal and denatured proteins. The
catalytic core of the 26S proteasome is the multicatalytic proteinase complex (MPC)
or 20S proteasome. Recently, we showed that exposure of HT4 cells (a mouse
neuronal cell line) for 3 hours to 25 pM of a new potent permeable peptidyl aldehyde
inhibitor of MPC (Z-IE(OtBu)AL-CHO] induced the accumulation of ubiquitinylated
proteins. We now show that overnight incubations with concentrations of the same
MPC-inhibitor as low as 0.25 pM also produce accumulation of ubiquitinylated
proteins. The ladder-like pattern and increased intensity of the immunostaining
observed in Western blots of total cells extracts probed with an antibody against
ubiquitin-protein conjugates depicts an increase in the accumulation of ubiquitinylated
proteins as compared with that observed after shorter (3h) incubations. Overnight
incubations with the same concentrations of a calpain inhibitor (Z-LL-CHO) produced
no accumulation of ubiquitin-protein conjugates. Furthermore, overnight incubations
with the MPC-inhibitor but not with the calpain inhibitor, led to accumulation of the
inducible form of the heat shock protein HSP70i in HT4 cells. Northern blots showed
that there was a concentration dependent increase in HSP7Oi mRNA concomitant with
the increase in protein expression detected by Western blots probed with a specific
antibody for HSP7Oi. These results suggest that malfunction of the 26S proteasome
resulting from a decrease in MPC activity, induces a stress response in the neuronal
cells, accumulation of ubiquitinylated proteins, and ultimately may lead to neuronal
death. This mechanism may be involved in the etiology of neurodegenerative diseases.
(Supported by NIH grant NS29936).
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University School of Medicine, Springfield, IL 62794.
•
If neurons could be isolated and cultured from adult brain tissue, numerous
studies on genetic regulation, development, grafting and aging could be conducted.
Cultures can also provide a uniform environment to test for age-related changes or
other genetic differences.
Here, we describe techniques for the culture of
hippocampal neurons from any age rat and apply this capability to determine whether
neurons from aged rats are more susceptible to stressors such as glutamate
excitotoxicity and lactate acidosis. By dissection of the hippocampus from rats from
0 to 24 months old, we have isolated by digestion with papain and separation on a
density gradient an average of 500,000 neuron-like cells per brain (n=17). By linear
regression, there was no significant effect of age on the cell yield. By staining with
antibodies to neuroii lament, greater than 70% of these cells are neuron-like and less
than 30% are like glia, staining with GFAP. In three experiments, we compared
hippocampal neuron viability from young (3 or 4 months) to old (19 or 24 months)
rats after 4 days in culture. In our serum-free B27 in Neurobasal without fibroblast
growth factor 2 (FGF), viability was 12% for neurons from young rats and 19% from
old rats. The difference is not significant. In the presence of FGF, viability
increased to 20 to 60% at 4 days in culture. Good survival continued for at least 3
weeks. Removal of FGF and exposure to lactic acid (1 to 3 mg/ml) for 24 hrs
indicated that neurons from a 24 month old rat were significantly more susceptible to
acidosis than those from a 3 month old rat. Similar studies with 24 hr treatment with
glutamate (50 to 200 pM) resulted in substantial excitotoxicity for neurons from old
rats compared to little effect on neurons from young rats in culture. This is the first
time aged rat neurons have been cultured for extended periods and shown to exhibit
increased sensitivity to stress. These techniques should facilitate studies of the agedependence of Alzheimer’s disease.

673.9

673.10

NEURODEGENERATION
IN
THE
SEPTO-HIPPOC AMPAL
SYSTEM:
EFFECT
OF
SEPTAL
QUINOLINIC
ACID
INJECTIONS. J.D. Brioni *, A.B. O'Neill and S.J. Morgan. Neuroscience
Discovery and Pathology Department, Pharmaceutical Products Division, Abbott
Laboratories, Abbott Park, IL 60064-3500.

EFFECTS OF A BILATERAL NEUROTOXIC LESION OF THE RHINAL
CORTEX ON CEREBRAL GLUCOSE UTILIZATION (CMRglc) IN BABOONS:
A PET STUDY. K. Megyrg, C- Chavoix, X. Blgizpt, C. Le Msstric. E. .Hansen,
E.T. Mackenzie* and J.C. Baron. INSERM U320, CNRS URA 1829, Centre
Cyceron, University of Caen, BP 5229,14074 Caen, France.
Alterations in the rhinal cortex may play a crucial role in Alzheimer's disease
(AD). In AD, the entorhinal cortex (ERh) is, with the hippocampus, the area most
affected by neurofibrillary tangles while the cerebral metabolic rate for glucose is
most reduced in temporo-parietal associative cortices: these two features are
markers for the severity of dementia. Furthermore, combined ablations of ERh and
perirhinal cortex (PRh) in macaques leads to a severe declarative memory deficit.
To assess the relationships between rhinal alterations and cortical
hypometabolism, we studied the effects of stereotaxic ibotenic acid lesions of ERh
and PRh on CMRglc in Papio anubis baboons. Magnetic resonance Imaging (MRI)
was used to 1) pre-operatively locate the target sites (n=21-22 per side, 1/2 in each
rhinal area), 2) post-operatively confirm the lesion location, 3) determine internal
brain landmarks for PET positioning, and 4) identify brain structures for CMRglc
measurements. Coronal PET coregistered with MRI was performed under
phencyclidine-N20, once before and 3-4 times after surgery (at days 10-20, 25-32,
39-50, and 74-107). In contrast to sham-operated baboons (n=2), there was a
stable and diffuse post-operative decline (10 to 30%) in CMRglc following Rh lesion
(n=4). The areas most affected were not only the hippocampus but also the
temporal, occipital associative and insular cortices, consistent with the known
anatomical connections of the rhinal areas. Declines in CMRglc more or less
important than expected (e.g. in basal ganglia and cingulate, respectively) also
occured. These preliminary results suggest that severe rhinal neuronal loss

In many neurological and neurodegenerative disorders, neuronal death can result
from the excessive release of endogenous excitatory amino acids like glutamate. As
excitotoxicity may constitute a final common pathway for neuronal injury and
death, we investigated the dynamics of the toxic effect of another endogenous
substance, quinolinic acid, after its injection in the medial septum/diagonal band
area (MS/d B) of Long-Evans male rats.
Quinolinic acid (60,180 and 600 nmoles in 0.5 pl) was injected into the MS/DB
area, and histological, biochemical as well as behavioral studies were conducted
starting 3 days after the injections. Groups of radiofrequency-lesioned (RF) rats were
also included for comparison. Histological evaluation after hematoxylin-eosin
staining of paraffin-embedded sections revealed a differential degree of necrosis, glial
proliferation and cyst formation in die MS/DB area. The loss of pyramidal neurons
in the hippocampus was present only in quinolinic-injected animals and appeared to
be time-dependent and dosage dependent. In the behavioral studies, quinolinic acid
induced a dose-related ataxia and disinbibition to aversive stimuli in the elevated
plus-maze model of anxiety. In the water maze test, an impairment in the
processing of spatial information was present without any effect on cue learning.
Hippocampal ChAT activity was significandy reduced only in RF-lesioned rats. The
neurodegenerative process induced by quinolinic acid injections in the MS/DB area
indicate the sensitivity of the septo-hippocampal neurons to this endogenous
excitotoxin as demonstrated by histological and behavioral parameters.
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(histologically confirmed in two baboons) induces a long-lasting effect on brain
metabolism. Relationships between these metabolic effects and memory
performance are currently being investigated.
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NON-AB COMPONENT OF ALZHEIMER'S DISEASE

IDENTIFICATION OF THE DINUCLEOTIDE REPEAT POLYMORPHIC
SEQUENCE IN THE NACP GENE. Y. Xia, H.A.R. de Silva, A. Roses.

AMYLOID (NAC) IS AMYLOIDOGENIC. A. Iwai*, M. Yoshimoto,

E. Masliah and T. Saitoh. Department of Neurosciences 0624,

X. Chen, E. Masliah, R, De Teresa. M. Sundsmo, D. Galasko. L.

University of California at San Diego, La Jolla, CA92093-0624

Dept. of
Neuro-sciences, Sch. of Med., Univ of CA, San Diego, La Jolla CA
92093.
Previous studies have shown the presence of a NAC peptide in
amyloid preparations from patients with Alzheimer's disease
(AD). We cloned its precursor, NACP, and identified that NACP
is the synaptic protein loosely bound to presynaptic vesicles.
In the current study, we identified a dinucleotide repeat
microsatellite in the NACP gene and its polymorphism. The
microsatellite found in a NACP intron contains four clusters of
the dinucleotide repeat (CT)10N5(CT)8C(AT)7(AC)12.
Amplification of this region of DNA identified five different
polymorphisms in Caucasians. Uneven distribution of NACP
allele 2 was found among various domestic groups.
Onequarter of healthy APOE e4 carriers have NACP allele 2
whereas only 10% of AD individuals have this allele. We also
quantified the NACP protein using Western blots. The result
demonstrates that the concentration of NACP is higher by 80%
in individuals with NACP allele 2 in AD victims. The higher
levels of NACP might indicate that these individuals have higher
levels of synaptic reserve, a higher degree of synaptic
plasticity, or a higher buffering capacity to sequester toxic AB
peptide.

The non-Ap component of Alzheimer's disease (AD) amyloid (NAC)
was identified biochemically as the second major component in the

amyloid purified from brain tissue of AD patients. NAC, derived from

its 140-amino-acid long precursor, NACP, is at least 35 amino acids

long (NAC35 ) although its amino terminus is not definitely
determined. An affinity-purified anti-NAC-XI antibody against the

amino-terminal 9-amino acid sequence of NAC35 immunostained
amyloid in AD brain sections and recognized NAC35 but not NACP on
Western or dot blot. In aqueous solutions, synthetic NAC35 self-

aggregated in a time-, concentration-, and temperature-dependent

manner. NAC35 was detected initially as a monomer with a molecular
mass of 3500 Da, but became aggregated as a function of time into a

higher molecular mass component that could not migrate into the gel.
The aggregate of NAC35 showed green-gold birefringence after
Congo-red staining when analyzed under polarized light and a fiber-

like structure when analyzed ultrastructurally. These results suggest

that NAC can form amyloid after it has been cleaved out of its
precursor and may be a crucial factor in amyloidosis in the brain. This

work has been funded by Alzheimer's Disease Research, a program
of the American Health Assistance Foundation, NIH grant AG05131,

Hansen, R. Katzman, L. Thal, J.M. Roch\ and T. Saitoh

and was supported by Yamanouchi Pharmaceutical Co., Ltd.

673.13

673.14

Bax Immunoreactivity In Aged and Alzheimer's Brains. M.

Primiano, D. Palm, E. G. Stopat. R. Corona*#, P. Chan, and C. Johanson.

Dept. Clin. Neurosci., Program in Neurosurg. & fDept. of Pathology,
Brown Univ. & RI Hospital, Providence, RI 02903 and #Dept. of Pathology,
SUNY Health Sci. Ctr., Syracuse, NY 13210.
Alzheimer's disease (AD) is associated with the accumulation of fiamyloid protein and the loss of specific neurons. fi-amyloid has been shown
to induce neuronal apoptosis in vitro and it has been suggested that
apoptosis may be involved in Alzheimer's related neurodegeneration.
Apoptosis appears to be regulated by the ratio of bcl-2, which promotes cell
survival, and bax, which accelerates cell death. Both of these genes are
present in neural tissue. We sought to investigate the possibility that
changes in the expression of the bax protein in the aging brain may
contribute to the progression of Alzheimer's related neurodegeneration.
Therefore, we examined the immunohistochemical distribution of bax protein
from samples of brain tissue from control and Alzheimer's patients classified
with early and severe AD. Sections were blocked with 4% normal goat
serum, and incubated overnight at 4°C with a polyclonal rabbit antibody
specific for bax (Santa Cruz) or antibody preincubated with the immunizing
peptide. Following incubation with biotinylated goat anti-rabbit IgG,
sections were incubated with avidin/biotin/peroxidase complex and
diaminobenzidine was used as a chromagen. Immunoreactive bax protein was
detected within the cytoplasm of a small population of neurons. Additionally
bax immunoreactivity was detected within the epithelial cells of the choroid
plexus. Glial cells did not appear to be immunoreactive for bax. The
number of bax immunoreactive neurons appears to correlate with the severity
of AD. These results suggest that the presence of bax protein may be
associated with the progression and severity of AD.
Supported by funds from AE10682 and Rhode Island Hospital.

673.15

673.16

PURIFICATION AND DETAILED CHARACTERIZATION OF PERLECAN
ISOLATED FROM THE ENGELBRETH-HOLM-SWARM (EHS) TUMOR FOR
USE IN AN ANIMAL MODEL OF AB AMYLOID PERSISTENCE IN BRAIN.
G.M. Castillo, J.D. Miller, J.A. Cummings., C. Ngo, W. Yang and A.D. Snow*.
Dept. of Pathology, Neuropathology Labs, Box 356480, University of
Washington, Seattle, WA 98195-6480.
Previously we have demonstrated that coinfusion of perlecan (a specific
heparan sulfate proteoglycan) and beta-amyloid protein (AB) into rat
hippocampus leads to a consistent animal model to study the effects of
fibrillar AB amyloid in brain (Neuron 12:^1 ^^^^34,1994). We have recently
observed that the final purity of perlecan may be important to the observed
effects in the animal model such that contaminating proteins produced by
the EHS tumor may reduce the extent and consistency of congophilic AB
amyloid persistence in brain. In the present study, we describe our method

of perlecan isolation, and the stringent testing we employ to ensure the
highest possible quality of our perlecan preparations for use in the animal
model. Briefly, 50 or 100 grams of EHS tumor tissue is extracted using 4M
guanidine-HCI, followed by anion-exchange and gel filtration chromatography. SDS-PAGE followed by staining with silver and Coomassie blue,
demonstrate no other contaminating proteins in our perlecan preparations.
Western blots using a specific perlecan core protein antibody (HK-102)
following heparitinase digestion show a characteristic doublet at 400 and
360 kDa indicative of intact perlecan core protein. Absence of contamination by other basement membrane components produced by the EHS
tumor is confirmed by absence of immunoreactive bands on Western blots
using antibodies against laminin, fibronectin or collagen type IV. Our
procedures for isolation and characterization of perlecan from EHS tumor
ensures perlecan of the highest quality, to maximize the potential effects of
AB amyloid deposition/persistence in brain in the animal model.
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TRANSPORT OF AMYLOID PRECURSOR PROTEIN (APP) IN
HIPPOCAMPAL NEURONS. P.J. Tienari, E. Ikonen, B. de
Strooper, M. Simons, A. Weidemann, C. . Czech, T. Herdeeen*. C.
Dotti. and K. Beyreuther. ZMBH and Inst. Physiol., Univ.
Heidelberg, Germany and Cell Biology Programme, EMBL,
Heidelberg, Germany.
APP is a ubiqutously expressed ttansmembrane glycoprotein
with an as yet unknown function and is the parent molecule of
Alzheimer's disease (AD) pA4-amyloid peptide. Mutations in the
APP gene have been linked to early-onset AD thus highlighting
the importance of brain APP-metabolism in AD. Therefore it is of
particular interest to study the transport of this protein in neurons.
In order to follow the Mafficking of newly synthesised APP in
cultured rat hippocampal neurons we used the Semliki Forest
Virus expression system and immunofluorescence microscopy.
We found that APP is after its initial synthesis first transported into
the axon and 30-60 min later is also found in the dendrites. APPmutations implicated in early-onset AD did not change its initial
axonal targeting. However, the axonal transport was greatly
reduced when specific portions of the extracellular domain were
deleted. These results suggest that the extracellular domain of APP
plays an important role in the polarised (axonal vs. dendritic)
transport of APP and may provide insights into the pathways and
molecular interactions of amyloid formation.
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DNA FRAGMENTATION IN ALZHEIMER’S DISEASE
HIPPOCAMPUS:- CORRELATION WITH TAU AND 0-AMYLOID
IMMUNOREACTIVITY M. Dragunow^P. A. Lawlor, R.L.M. Faull and
H Waldvogel. Departments of Pharmacology and Anatomy, School of
Medicine, Auckland Univ, Auckland, New Zealand.
A number of recent studies indicate that cells in postmortem brain tissue
from Alzheimer’s disease cases show in situ evidence of DNA fragmentation,
suggesting that these cells are undergoing apoptosis. We have examined
hippocampal sections from neurologically-normal and Alzheimer’s disease
post-mortem cases and compared DNA fragmentation (detected using the
TUNEL method) with Tau and ^-amyloid immunoreactivity. In addition, we
undertook double-label studies to investigate whether TUNEL-positive cells
were also Tau, calbindin, calretinin, and/or GFAP positive. Results show that
most TUNEL-positive cells in Alzheimer’s disease hippocampi are not neurons
and there is no strong correlation between the number of TUNEL-positive cells
and the number of Tau-positive cells. The implications of these results to
mechanisms of cell death in Alzheimer's disease will be discussed. Supported
by the NZ Health Research Council.
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EVOLUTION OF 0-AMYLOID PLAQUES IN ALZHEIMER’S DISEASE: ROLE
OF ASTROCYTIC S1OO0. R.E. Mrak.* J.G. Sheng and W.S.T. Griffin. Dept, of
Veterans’ Affairs Med. Ctr., Ark. Children’s Hospital Res. Inst., Univ. of Ark. for
Med. Sci., Little Rock, AR 72202.
S1OO/3, a neurite extension factor, is overexpressed by activated astrocytes
associated with amyloid-containing plaques in Alzheimer’s disease and has been
implicated in dystrophic neurite formation in these plaques. We sought to correlate
SlOO/3-immunoreactive (S1OO/3+) astrocytes with the formation of dystrophic neurites
and thus with the evolution of diffuse amyloid deposits into neuritic plaques. Dual
immunohistochemical labelling was used to determine the number of S1OO/3+
astrocytes associated with different plaque types in temporal lobe of 12 Alzheimer
patients, age 65 to 88. Amyloid-immunopositive plaques were classified into four
types according to the pattern of amyloid distribution (diffuse vs dense core) and the
presence or absence of 0-amyloid precursor protein- (0-APP) immunoreactive
dystrophic neurites. Diffuse non-neuritic plaques had small numbers of associated
S1OO^+ astrocytes (1.3 +2 0.1 cells/plaque; mean _+ SEM; 80% of plaques had
associated S1OO0+ astrocytes). In contrast, diffuse neuritic plaques had the most
associated S1OO/S+ astrocytes (4.2 + 0.2; 100%), and dense-core neuritic plaques had
fewer S1O0/3+ astrocytes (1.6 +. 0.2; 90%). Dense core non-neuritic plaque were
almost devoid of S1O0/3+ astrocytes (0.15 _+ 0.05; 12%). Computerized image
analysis showed that the number of plaque-associated S1OO/3+ astrocytes significantly
correlated with the cross-sectional area of plaque 0-APP immunoreactivity, an index
of the size of the plaques’ dystrophic neurite shells (R = 0.66, P < 0.05). These
results are consistent with a role for S1OO0 in the induction and maintenance of
dystrophic neurites in plaques in Alzheimer’s disease. Supported in part by NIH
AG 10208, NS27414, and AG12411.

ALZHEIMER'S DISEASE:
674.1
CEREBROVASCULAR INSUFFIENCY: A RISK FACTOR FOR COGNITIVE
DECLINE IN AGING AND ALZHEIMER'S DISEASE? P.G.M. Luiten‘, G.l. de
Jong, C.M. Stienstra. B.T. Stuiver. S. Knollema. J. Korf. K. Maitenyi. Lab.
of Animal Physiology, University of Groningen, Haren, The Netherlands.
Although cognitive impairment in aging and Alzheimer's disease (AD) is
mainly associated with neuronal alterations, the cerebrovascular system
also undergoes prominent changes. With electronmicroscopic (EM)
techniques we previously showed progressive decline of the microvascular
wall in the cerebral cortex of aged rats. Aged rats show basement
membrane thickening, massive perivascular collagen deposits and pericyte
degeneration, which suggests a hampered transport fuction of the blood
brain barrier.
The importance of the cerebral microvascular condition and blood supply
for cognition was studied 1) in AD by EM analysis of the microvascular
wall and 2) in adult rats exposed to mild ischemia (unilateral carotic artery
occlusion combined with 5 min hypoxia of 10% 02). Ischemia effects were
assessed in spatial learning paradigms like Morris maze and hole board.
In entorhinal and prefrontal cortex in AD and controls a high incidence of
microvascular anomalies was observed including basement membrane
thickening, collagen deposits and pericyte degeneration. Preliminary data
suggest that microvascular pathology is more severe in AD patients.
Neuronal death (after 1 -7 days) was almost absent in mild experimental
ischemia, but there was a prominent and significant decrease in the
learning rate in the initial phase of spatial orientation learning tested 4
weeks after the ischemic episode.
In conclusion, microvascular pathology occurs with high incidence in the
aging human brain and appears to be more severe in AD. Short periods of
hypoperfusion in rat yield subtle but significant cognitive alterations
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STRUCTURAL ORGANIZATION OF THE MOUSE APLP2 GENE. K. Palioa1. H.
Mechler2*. S. Kreoer1. A. Weidemann1 C.L. Masters3 and K.
Bevreuther1. 1) Center fer Molecular Biology Heidelberg, INF 282, 69120
Heidelberg; 2) F: Hoffmann-La Roche Ltd, Preclinical CNS Research,
Basel, Switzerland; 3) Dept. Pathology, Univ. Melbourne, Parkville,
Victoria, 3052 Australia.
Recent identification of APLP1 and
APLP2, two novel proteins highly homologous to Amyloid Precursor
Protein (APP) provides evidence for the existence of a new multigene
family. The human APP encoding gene has been localized to
chromosome 21 and consists of 18 exons. Tissue specific alternative
splicing results in the generation of multiple transcripts differing in the
length of the corresponding protein products from 677 to 770 amino
acids. As a further step towards understanding the evolutionary
relationships between members of the family of APP-like proteins we
characterized the exon-intron organization of the mouse APLP2 gene.
The 129SVJ mouse genomic library in Lambda FIXII (Stratagene) has
been screened using random primed APLP2 cDNA fragments as probes.
DNA from plaque purified hybridizing phages has been prepared and
analyzed using standard methods. Exon-intron junctions were
determined by dideoxy sequencing. As a result of three independent
screening rounds we have isolated five lambda phages, which cover
almost the entire gene, extending from the 1st intron to the last exon and
additional 9 kb of 3'-flanking sequences. In contrary to the human APP
gene, which has been estimated to be app. 400 kb long, the mouse
APLP2 gene encompasses about 50 kb and consists up to 18 exons.
Determination of exon-intron boundaries reveals strong conservation of
the overall gene structure between APP and APLP2 underscoring the
phylogenetic relatedness of both genes.

NEURONAL INJURY AND DEATH
674.2
BRAIN LEVELS OF THIAMINE AND ITS METABOLIZING ENZYMES
IN ALZHEIMER'S DISEASE. Frank Mastrogiacomo1. Lucien BettendorC
Thierry Grisar2. Lori Dixon1* and Stephen J. Kish1. ‘Human Neuroehemieal
Pathology Laboratory, Clarke Institute oC Psychiatry, Toronto, Ontario, Canada,
and 2Laboratory oC Neurochemistry, University oC Liege, Liege, Belgium

Clinical data suggest that high dose thiamine (Vitamin Bl) may have a mild
beneficial eCect in some patients with Alzheimer’s disease (AD). Since the
mechanism oC this effect could be related to a brain deficiency oC thiamine, we
measured the levels oC Cree thiamine and its phosphate esters thiamine
monophosphate and thiamine diphosphate (TDP), and the activities oC three
TDP-metabolizing enzymes (thiamine pyrophosphokinase, thiamine
diphosphatase, and thiamine triphosphatase) in autopsied cerebral cortex oC 18
patients with AD and 20 matched controls. In the AD group mean levels oC
Cree thiamine and its monophosphate ester were normal whereas levels oC TDP
were significantly reduced by 18 %-21 % in all three cortical brain areas
examined. Activities oC the TDP-metabolizing enzymes were normal in the
AD group, suggesting that decreased TDP is not due to altered levels oC these
enzymes. The TDP decrease could be explained by reduced levelsln AD
brain oC either ATP, which is needed Cor TDP synthesis, or energy
metabolizing enzymes which utilize TDP as a coCactor and which therefore
may act as a "sink" Cor thiamine storage. Although the magnitude oC the TDP
reduction is only slight, a chronic subclinical TDP deficiency could contribute
to impaired brain Cunction in AD and might provide the basis Cor the modest
improvement by thiamine in cognitive status oC some patients with AD.
(Supported by US NINDS NS 26034).

674.4

REDUCED PREVALENCE OF DIABETES IN
ALZHEIMER'S DISEASE RELATIVE TO OTHER
DEMENTIAS. J. H. Nolan. K, A. Nielson. R. A. Mulnard*.
C. A. S andmmi. and C. W. Cotman. Depts. of Cognitive e cience,
Psychiatry & Human Behavior, and the Brain Aging and Dementia
Institute, University oC California, Irvine, CA, 92717.
Diabetes mellitus and Alzheimer's disease (AD) are significant
health care problems in the elderly population. The present study
examines the coexistence oC diabetes and AD in a large, wellcharacterized patient population, and examines the contribution oC
vascular disease history to diabetes prevalence among dementia
groups.
The assessment records oC 275 dementia patients were evaluated
by diagnostic group Cor the existence oC diabetes and vascular
disease risk Cactors (hypertension, heart disease, stroke,
hyperlipidemia, etc.). Diabetes occurred significantly less often in
AD patients than in patients with other dementias. Vascular disease,
which is closely linked to diabetes, was more prevalent in AD
patients than would be expected given the exceptionally low
occurrence oC diabetes in this group. Further, there were no
differences among the dementia groups in Casting glucose levels.
Therefore, diabetes is very rare in patients with AD. Vascular
disease and Casting glucose levels did not explain the reduced
prevalence oC diabetes in AD. Thus, the disassociation could
provide new insight about the pathogenesis oC AD. Glucose, insulin
sensitivity, and perhaps insulin degrading enzyme may be important
Cactors.
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GENE EXPRESSION OF ND4, A MITOCHONDRIAL DNA-ENCODED
SUBUNIT OF NADH DEHYDROGENASE, IS DECREASED IN NEURONS
OF ALZHEIMER'S DISEASE BRAIN. R. Fukuyama. J. Fu. K. Hatannaa.
C. Jones. D.R. Brady. K. Chandrasekaran* and S.I. Rapoport. Lab. Neurosciences,
NIA, NIH, Bethesda, MD 20892
We reported decreased levels of gene expression and enzyme activity of
cytochrome oxidase, a mitochondrial enzyme of oxidative phosphorylation, in
affected brain areas in Alzheimer's disease (AD). These findings lead us to examine
the hypothesis that energy impairment in neurons of AD cause neurodegeneration
observed in AD brain. We extended our observations by analyzing the level of gene
expression of a subunit of another mitochondrial enzyme, NADH dehydrogenease
(complex I of oxidative phosphorylation) in this report. First, we raised monoclonal
antibodies (mAbs) against entorhinal cortical grey matter dissected from a normal
human brain by applying a modified hybridoma technique (SOFISTIC immunization). One mAh, BG5, immunochemically detected an antigen only in the
mitochondrial subcellular fraction separated from other organelles in the rat brain.
We further isolated a cDNA clone immunoreactive to mAb BG5 by screening an
expression cDNA library and found that the cDNA fragment is a portion of ND4, a
subunit of NADH dehydrogenase. We characterized the localization and the level of
expression of ND4 in adult brains and cultured cells of rat and human with immunohistochemical and molecular biological procedures. Finally, we compared the level
of ND4 gene expression in normal human brains to that in AD brains. We found that
ND4 is highly expressed in the cytoplasm of large neurons and that immunohistochemical staining of brain sections showed a significant decrease of ND4 in
several brain areas in AD, without a significant decrease in the number of neurons.
Northern blot analysis also showed a similar decrease of the expression of ND4 gene
in AD. These results indicate that gene expression of mitochondrial DNA-encoded
enzymes is generally decreased in AD and suggest that the energy impairment in
selective neurons may be involved in neurodegeneration in AD.
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674.6

MITOCHONDRIAL MEMBRANE FLUIDITY AND OXIDATIVE DAMAGE
TO MITOCHONDRIAL DNA IN AGED AND AD HUMAN BRAIN. P,
MecoccU*' M.F. Bealp R. Cecchetti*. M.C. Poli<^<^i^i*. A. Cherubini* F
Chionne-\. L. AvelliniO G. Romano \ U. SeninH * Gerontology & Geriatrics.

ALZHEIMER'S DISEASE; A HYPOTHESIS ON PATHOGENESIS.
D. Harman 1 and J. F, Rodriquez-Sierra2*. Dept, of Medicine, Dept, of Cell
Biology and Anatomy. College of Medicine., University of Nebraska
Medical Center, 600 So. 42nd Street, Omaha, NE 68198-4635, USA.
Senile dementia of the Alzheimer's type (SDAT) is a sporadic systemic
disorder whose major manifestations reflect loss of neurons involved in
memory. The same pattern of neuronal loss is seen at later ages in normal
individuals.
It is hypothesized that SDAT is the result of a mutation in a mtDNA
molecule of a non-germ line cell (the progenitor cell) early in development;
this increases the rate of cellular aging, by impairing ATP formation and
increasing production of superoxide radical and H^. Clonal expansion of
the progenitor cell results in a spectrum of daughter cells; some with many
copies of the mutated mtDNA, others may have none. Daughter cells are
distributed to the developing organism in such a manner that with
advancing age cellular dysfunction and death occurs first in brain areas
associated with SDAT.
SDAT incidence may be decreased by maternal antioxidant
supplementation and/or increased consumption of fruits and vegetables.
SDAT patients may be improved by measures employed for other
mitochondrial disorders.

Dept . of Clinical Medicine. Pathology and Pharmacology, Perugia University,
Perugia (Italy); ^Neurochemistry Lab, Neurology Service, Massachusetts General
Hospital Harvard Medical School. Boston (USA); ^Department of Medical
Physics. Policlinico Monteluce. Perugia (Italy); ^Institute of Biochemistry and
Medical Chemistry. Perugia University. Perugia (Italy).
Oxidative damage on biological molecules has been proposed as a major
cause of alterations observed in aging brain as well as in neurodegenerative
diseases. In this study we measured membrane fluidity in mitochondria extracted
from three cerebral regions and cerebellum of Alzheimer's disease (AD) patients
and age-matched controls by means of fluorescence polarization technique. A
significant reduction of mitochondrial membrane fluidity was found in AD, except
in cerebellum. In controls, a decrease of membrane fluidity was observed along
with age and it was also related to the contenent of the oxidized nucleoside 8hydroxy-2'-deoxyguanosine (OH^dG) in mitochondrial DNA (mtDNA) .
Alteration in membrane fluidity seems to be mainly a result of lipid peroxidation
since it dramatically decreased when mitochondria were exposed to FeCl2 and
H2O2. The parallel increase of viscosity in mitochondrial membrane and amount
of OHOdG in mtDNA is suggestive of a relationship between these biological
markers of oxidative stress, supporting the hypothesis of a membrane mediated
oxidation of DNA. From these results in AD patients biological molecules seem to
be particularly sensitive to oxidative stress suggesting that free radicals, together
with aging, may play a fundamental role in the pathogenesis of the disease.

674.7

674.8

SUPPRESSIVE EFFECT OF A NON-PEPTIDE PROLYL
ENDOPEPTIDASE (PEP) INHIBITOR, Y-29794, ON THE
AMYLOIDGENESIS OF SENESCENCE-ACCELERATED MICE
(SAM). A . Kato*. A. Fukunari, Y. Sakai, and T. Nakajima. Research

CHARACTERIZATION OF A Tc1 INSERTION MUTANT OF apl-1 IN
CAENORHABDITIS ELEGANS. I. Daigle* and C. Li. Dept. of Biology,
Boston University. Boston, MA 02215.
The amyloid precursor protein (APP) is thought to be involved in
Alzheimer's disease, but its specific function is still unknown. We are
interested in investigating the function of APP by looking at APPrelated genes in the nematode Caenorhabditis elegans. We have isolated
an APP-related gene. apl-1, from C. elegans. The apl-1 gene is
approximately 4.4 kbp, has 12 exons and 11 introns, and has been
positioned to the X chromosome of C. elegans.
To look at the function of APL-1, a Tc1 transposon insertion mutant
in apl-1 has been isolated by R. Plasterk. The insertion site of Tc1
has been located to the 12th exon, in the region corresponding to the
first residue of the transmembrane domain. A strain homozygous for
the insertion in apl-1, however, showed no phenotype. RT/PCR and
Northern blot analysis suggest that the transposon is removed and is
not present in the mRNA, as often observed in C. elegans. In addition,
Western blot analysis showed no size difference between the wildtype protein and the insertion mutant protein, supporting the idea
that the transposon does not disrupt gene function in ap/-7::Tc1
animals. Excision screens are underway to isolate mutants in which
Tc1 excision creates a deletion in apl-1 and, presumably, disrupts its
function.
To examine the effects of apl-1 overexpression, we are producing
transgenic animals carrying constructs of the apl-1 cDNA under the
control of a heat shock promotor and a neural-specific promotor.

Laboratories, Yoshitomi Pharmaceutical Industries, Ltd., 871 Fukuoka, Japan.
One of the early symptoms of Alzheimer's disease (AD) is characteristic
deposition of B-amyloid peptide (A6) among brain regions . Although prevention
of this brain amyloidgenesis is thought to be the plausible approach to halt or
slow down the progression of AD, the lack of animal models hinders the progress
of the research. We, however, previously reported close temporal and spatial
relationships between deposited structures of PEP and AB in SAM hippocampus,
suggesting that SAM could be used as an in vivo model for testing therapeutic
compounds. The purpose of this study was to estimate whether chrome treatment
of SAM with a non-peptide PEP inhibitor, Y-29794, could suppress the
progression of amyloidgenesis in the hippocampus.
Male SAMP8'Ta/Sea (senescence-prone) were given oral doses of Y-29794 (1,
10, and 20 mg/kg/day) in drinking water from 2.5 to 8 month-old. Paraffinembedded coronal sections of the hippocampus were made to stain AB with
polyclonal rabbit anti-AB(l-16). AB-like immunoreactivity (AB-LI) was analyzed
by computerized image analy zer and NIH Image.
Deposited structures of AB-LI which were composed of fine granules were
observed in the hippocampus of SAM. After the repeated dosing of Y-29794, the
number of granules per deposit, and total number of AB granules were decreased .
Moreover, Y-29794 decreased denser part of charactenstic biphasic distnbution of
the mean density of the granules
These results indicate that Y-29794 suppresses the amyloidgenesis in the
hippocampus of SAM, providing further support of our working hypothesis that
PEP is closely involved in the amyloidgenesis, and that Y-29794, an inhibitor of
PEP, would be promising as a therapeutic agent for AD.

674.9

674.10

BCL-2 PROTEIN IMMUNOREACTIVITY INCREASES IN
ALZHEIMER’S DISEASE BRAIN WITH DISEASE SEVERITY.
Takao -Satou, Brian T Cummings and Carl W. Cotman*. Institute
for Brain Aging and Alzheimer's Disease. University of
California, Irvine. Irvine, CA 92717-4550.
Bcl-2 protein has been suggested to be one of the proteins
preventing apoptosis in a variety of cell types. Recently,
apoptosis has been suggested to have an important role in the
pathogenesis of Alzheimer's disease(AD). We have utilized
Bcl-2 immunohistochemical methods to examine Bcl-2 in the
hippocampus and entorhinal cortex of AD patients ranging in
clinical and neuropathological severity from mild to severe and
compared these results to those from controls. Immunoreactivity
for Bcl-2 was increased relative to controls in most neurons of the
entorhinal cortex, subiculum, CA1, CA2, CA3, hilus and dentate
gyrus granule cells. Bcl-2 staining increased with increasing
disease severity. However, neurons displaying increased
immunoreactivity for markers of neurofibrillary tangle
formation showed reduced staining for Bcl-2, suggesting that Bcl2 may be downregulated in these neurons. Immunoreactivity of
astrocytes and the vasculature was also increased in AD. These
results suggest that Bcl-2 protein may have a role in
compensation responses to AD pathology, perhaps affording to
the remaining neurons a margin of protection from apoptosis.

PATTERNS OF NEURONAL DNA FRAGMENTATION DETECTED BY
TUNEL IN ALZHEIMER'S DISEASE. R.R. Sukhov*1'2, J.T. Troncoso1-2'4
C. Kawas4' V.E. Koliatsos1'4. ’Neuropathology Laboratory, Dept, of
2Pathology, 3Neuroscience, and 4Neurology, The Johns Hopkins University
School of Medicine, Baltimore, MD 21205
Alzheimer's disease (AD), the most common type of dementia, is
characterized by cerebral atrophy, 6-amyloid protein (AB) deposits/senile
plaques, neurofibrillary tangles, and loss of synapses. Although
morphometric studies of different areas of the CNS demonstrated loss of
pyramidal neurons in neocortical layers III and V in AD, the precise extent
and distribution of cortical neuronal loss remains undetermined. In the
present study, we used terminal transferase-mediated deoxyuridine
triphosphate (d-UTP)-biotin nick end labeling (TUNEL) as a method for
detection of fragmented DNA to identify degenerating neurons in the
cerebral cortex • of individuals with autopsy-confirmed AD and to establish
whether similar changes occur in age-matched nondemented individuals.
In early stages of AD, we found that TUNEL-labeled neurons are
restricted to lamina III of isocortex and entorhinal cortex. In late stages of
AD, TUNEL-labeled neurons were found in all layers of the above cortices
as well as in the hippocampus. The specificity of TUNEL labeling was
supported by the absence of labeling in age-matched and young controls.
In conclusion, our findings of the laminar pattern of neuronal degeneration
suggest that specific neural systems are involved in the pathogenesis of
AD and that the TUNEL method can be used as a method for direct
demonstration of neuronal DNA fragmentation in early stages of disease.
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674.11
QUANTITATIVE ASSESSEMENT OF APOPTOTIC-LIKE
NUCLEI IN HIPPOCAMPAL FORMATION OF ALZHEIMER
BRAIN Joseph H. Su*. Aileen J. Anderson and Carl W. Cotman.

Brain Aging and Dementia Institute. University of California, Irvine.
Irvine, CA 92717-4550 USA.

Neuronal death is a prominent feature of Alzheimer’s disease (AD)
and has been suggested to play a significant role in the expression of
dementia in AD and perhaps other age related losses of cognitive
function. Recent studies in vitro have suggested that apoptosis may
have a role in the neuronal cell death associated with AD. We have
recently demonstrated the presence and morphological features of
apoptotic-like nuclei in AD brain and have shown that such apoptotic
nuclei are present in a subset of neurofibrillary tangles in AD brains
(NeuroReport 5, 2529-2533, 1994). In this study, we examined the
hippocampal formation of AD brains using a TdT-end labeling system
(ApopTag, Oncor) on vibratome sections to quantitatively assess
apoptotic-like nuclei. The vast majority of apoptotic-like nuclei were
located in the grey matter, and were found within neurons. 2/3 of PHFtau positive neurons were associated with apoptotic-like nuclei.
Apoptotic-like nuclei were generally not detected within extracellular
neurofibrillary tangles. These results suggest that neuronal cell death
may occur without neurofibrillary formation, and neurofibrillary tangle
bearing neurons may die by apoptosis.
In conclusion, our data indicate that neuronal DNA damage appears
to be more prominent and wide spread in AD than previously realized.
This could reflect either a mechanism of cell death, DNA damage/repair
mechanisms, or both. In this context, TdT labeling may be an early
marker of cellular risk.

NEURONAL INJURY AND DEATH
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674.12
FIBROBLAST GROWTH FACTOR RECEPTORS-LIKE
IMMUNOREACTIVITY IN ALZHEIMER’S DISEASE

K. Takami*i A. Matsuo, Y. Airni, O.Yasuhara1,1. Tooyama1 and
P.L. McGeer. Kinsmen Lab. of Neurol. Res., Univ. of British
Columbia, Vancouver, Canada, V6T 1Z3; ^Institute of Mol.
Neurobiology, Shiga Univ. of Med. Sci., Otsu, Shiga, Japan.
Recent studies have revealed the localization of FGFs in astrocytes,
neurons and senile plaques of Alzheimer's disease(AD), indicating their
involvement in the pathogenesis of the disease. We report here the
immunohistochemical localization of FGF receptors (FGFR2, 3 and 4)
in AD and control brain tissue, using rabbit polyclonal antibodies (Santa
Cruz Biotechnology Inc.). The epitopes recognized by these antibodies
in each case mapped to the carboxy terminal region of the human
FGFRs. In cerebral cortices of both AD and controls, astrocytes,
especially in white matter, showed FGFR2 and FGFR4-like
immunoreactivity. Some neuronal fibers also showed FGFR2 or
FGFR4 immunoreactivity. Reactive astrocytes having FGFR4-like
immunoreactivity were observed around senile plaques. FGFR3-like
immunoreactivity was localized to tangles and dystrophic neurites in or
near senile plaques.
These findings suggest that FGFs may participate in many functions
associated with the pathology of AD through their various receptors,
which are distinctly localized.

674.13
TRANSPLANTED SYNGENEIC RAT FIBROBLASTS GENETICALLY
MODIFIED TO EXPRESS HUMAN NERVE GROWTH FACTOR ARE
BIOACTTVE FOR AT LEAST 6 WEEKS AS DEMONSTRATED BY ENHANCED
SURVIVAL OF MEDIAL SEPTAL CHOLINERGIC NEURONS AFTER
FIMBRIA-FORNIX TRANSECTION & L Mandel*. H
Clevenger. DL Nagy, Z
M. Jaret. M. Morten, and S E Leff. Somatix Therapy Corp. 850 Marina Village
Pkwy., Alameda, CA 94501.
This experiment was designed to investigate the duration of bioactivity of
intracerebrally grafted transgenic hNGF producing fibroblasts by transplanting the
fibroblasts at various time-points before fimbria-fornix (FF) lesioning. Syngeneic
Fischer dermal fibroblasts were grown ir. culture (= 8 passages) and transduced with a
retroviral vector encoding the hNGF cDNA or E. Coli lac-Z both driven by the
internal viral LTR promoter. In vitro hNGF production determined by an ELISA
assay (257 ng/106 cells/24 hr) was comparable to that reported previously (Rosenberg
et al., Science 242:1575-1578, 1988). Each rat received 2 grafts of 1 pl of 7.5 X
104 of hNGF (n=5-7) or lac-z producing cells (n =5-7) in the medial septum (MS).
Immediately following the implantation surgery (day 0) or following variable delay
intervals (4,7, 14, 28 & 42 days), an unilateral FF lesion was performed ipsilateral
to the cell implantation. The rats were sacrificed 21 days after the FF lesion. Fixed
tissue was sliced at 40 pm and prepared for choline acetyltransferase (ChAT in MS)
immunohistochemistry , acetylcholinesterase (AChE) histochemistry (hippocampus),
and hemotoxylin and eosin staining. Some animals were removed from the study
prior to ChAT+ cell counting by evaluating their FF lesion via examination of the
AChE stained sections of the hippocampus. Each MS section was evaluated "blind"
to treatment by counting ChAT+ cells and by noting whether the graft was innervated
by ChAT+ fibers. There was no effect of surgery delay on ChAT+ cell survival in the
lac-z group, therefore the lac-z data were combined into one control group for further
analysis. hNGF-producing fibroblasts significantly enhanced survival of ChAT+
neurons at all FF lesion delays (p < 0.05) but the magnitude of the survival effect
appeared to wane over time (42 day percent survival < 14 day survival, p < 0.05).
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675.1

BCL-2 EXPRESSION AND TOLERANCE FOR POSTISCHEMIC
NEURONAL DEATH IN THE GERBIL HIPPOCAMPUS.
K. , Shi-mazaki1* K. Watanabe2. H. Hosova2. K. Oauro'. T.
Masuzawa'. Y. Eauchi3. Y. Tsujimoto3. and N. Kawai' 'Depts.
Physiol. Neurosurg. Jichi Medical School, Tochigi-ken 329-04,
2Dept. Exp. Biol. Tokyo Metropolitan Inst.for Gerontology, Tokyo,
173-2,3Osaka Univ. Med. School. Suita Osaka, 565, JAPAN
Pretreatment with brief (2 min) ischemia induced
tolerance for subsequent ischemia (5 min) and prevented
delayed neuronal death (DND). Using monoclonal antibody
against bcl-2 oncoprotein we previously reported that
immunoreactivity of bcl-2 greatly increased in the gerbil
hippocampal CA1 sector in parallel with acquisition of tolerance
for DND (Shimazaki et al. Neurosci. Res. 20:95,1994). To
determine time course and locus of bcl-2 production after
sublethal brief ischemia, we have studied mRNA expression in
the gerbil hippocampus by in situ hybridization. The level of bcl2 mRNA was markedly increased at 2 days following 2 min
ischemia. Northern blot analysis supported the result showing
2-fold increase in bcl-2 mRNA after 2 min ischemia. In the gerbil
treated with 5 min ischemia, no increase in the level of bcl-2
mRNA was found. The results suggest close correlation
between acquisition of tolerance for DND and the expression of
bcl-2, which is known to support survival of the neuronal death.
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TRANSIENT FOCAL ISCHEMIA ELEVATES bcl-2 EXPRESSION IN THE
NEOCORTEX. Z.G. Huang*. A .M. Buchan and G.S Robertson 1 National Research
Council of Canada, and ‘Department of Pharmacology, Faculty of Medicine, University of
Ottawa, Ottawa, Canada

Several lines of evidences suggest that apoptotic mechanisms may
contribute to neuronal death following transient cerebral ischemia. Over-expression
of the proto-oncogene bcl-2 in several cell lines has recently been shown to reduce
apoptotic death produced by a variety of noxious treatments. This finding suggests
that there may be a positive relationship between bcl-2 expression and resistance
to ischemic cell death in vivo. The present study addressed this hypothesis by
examining the effects of transient forebrain ischemia on bcl-2 expression in the
neocortex. Reversible focal cerebral ischemia was produced in male spontaneously
hypertensive rats by 90 min of transient right cerebral artery occlusion (MCA-o)
combined with permanent right common carotid artery occlusion. Six groups,
composed of 4 animals each, were subjected to 90 min of MCA-o and sacrificed
after 14,8,12,24 or 48 hr of reperfusion (RP). A seventh group served as shamoperated controls and underwent the same operative procedures except that the
MCA was not occluded. Brains were rapidly removed, quickly frozen and sections
12 pm thick cut through the cortex, bcl-2 mRNA was detected by in situ
hybridization histochemistry and quantified by computer assisted image analysis.
bcl-2 mRNA levels wore low in the neocortex of sham animals. Transient MCA-o
elevated bcl-2 mRNA levels selectively in the ischemic penumbral region of the
neocortex within 8-12 hr with peak increases occurring between 12-24 hr of RP.
bcl-2 mRNA levels were still elevated in the penumbra 48 hr after RP. These
results suggest that elevated bcl-2 expression may contribute to the survival of
neurons located in the penumbral region following cerebral ischemia.
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675.3
The Distribution of bcl-2 Protein In The Rat Hippocampus
Following Transient Forebrain Ischemia. N. Knuckev*. M.

675.4
BCL-2 PROTECTS NEURAL CELL MITOCHONDRIA FROM Ca**
OVERLOAD AND Cai+-INDUCED RESPIRATORY INHIBITION. A.N.
Murphy*. D.E. Bredesen1 and G. Fiskum. Dept. of Biochemistry and Molec.
Bio., George Washington Univ. Medical Center., Washington, D.C. 20037, and
'La Jolla Cancer Research Foundation, La Jolla, CA 92037.
Recent data suggest that Bcl-2 expression provides neuroprotection in
models of cerebral ischemia. Although evidence suggests that Bcl-2 can act
as an antioxidant and may affect patterns of Ca2* metabolism, the exact
mechanism is unknown. The effect of Bcl-2 expression in GT1-7 neural cells
on mitochondrial resistance to damage induced by high concentrations of
extramitochondrial Ca2+ has been examined. Bcl-2 appears to have little effect
on state 3, state 4, or uncoupler-stimulated rates of respiration of digitoninpermeabilized cells under control conditions. However, the addition of 7.7
nmoles of CaCl2/106 cells inhibited uncoupler-stimulated respiratory rates of
permeabilized control cells by approx. 83%, whereas this rate in Bcl-2
expressing cells was inhibited by only 30%. Measurements of maximal
uptake capacity prior to Ca2* release revealed that control mitochondria could
sequester 600 and 500 nmoles Ca2*/4.3xl07 permeabilized cells respiring on
glutamate/malate or succinate, respectively; whereas Bcl-2 expressors could
accumulate 1013 and 800 nmoles under the same conditions. In addition,
mitochondria isolated from Bcl-2 expressors were significantly less sensitive
to respiratory inhibition in response to 42-167 nmoles C^/mg mitochondrial
protein. The ability of mitochondria of Bcl-2 expressing cells to maintain
function under conditions of cytotoxic levels of extramitochondrial Ca2* may
provide a mechanism by which Bcl-2 inhibits delayed neuronal death
following cerebral ischemia.
(Supported by NIH NS34152)

675.5

675.6
AN OPTIMIZED MODEL OF INDUCED ISCHEMIC TOLERANCE
IN THE GERBIL. H. Abe and T.S. Nowak. Jr.* Dept, of Neurology,
University of Tennessee, Memphis, TN 38163.
Brief insults moderate the damage seen following subsequent more
severe ischemic challenges, but reported effects are highly variable. In
the present study we monitored hippocampal DC potentials to determine
effective durations of priming insults and test challenges, identifying
threshold depolarization intervals for tolerance induction and changes in
gene expression. Ischemia of varied duration was produced by bilateral
carotid artery occlusion in halothane-anesthetized gerbils (n=125) fixed
in a stereotaxic frame. Hippocampal DC potentials were recorded via
glass microelectrodes. Induced mRNAs were evaluated by in situ
hybridization at 1 h or 6 h recirculation. In other gerbils a test insult
was administered 2 d after the first and consisted of depolarization for
>385 sec, which produced maximal neuron loss in naive animals.
Histological evaluation of CA1 was done 7 d after the test insult.
Tolerance was first evident after >90 sec depolarization, with complete
protection after >150 sec. The mRNA encoding the stress protein,
hsp72, was not increased after depolarizations <120 sec, with consistent
induction only after >200 sec, and was strongly expressed only after
>240 sec, which was the threshold for histological damage. In contrast,
slight increases in c-fos, junB and junD were detected after the shortest
depolarizations (60 sec) and these mRNAs were reliably induced in all
hippocampi after >120 sec. These results: 1) indicate that the stress
response is not required for induced ischemic tolerance, 2) demonstrate
that diverse cascades of altered gene expression must occur after insults
that induce tolerance, and 3) establish a highly reproducible model in
which to study neuroprotective mechanisms after repeated insults.

Primiano. D. Palm. M, Guglielmo, M. Epstein, and C. Johanson: Dept.
Clin. Neurosci., Program in Neurosurg., Brown Univ. & RI Hospital,
Providence, RI 02903
There is increasing evidence for the involvement of apoptosis in the
selective, delayed neuronal death resulting from cerebral ischemia. Bcl-2 is
present in the developing and adult nervous system and has been shown to
prevent apoptosis and neuronal cell death under many neurotoxic conditions
implicated in ischemia. To investigate the possible relationship between bcl2 and selective ischemic neurodegeneration, we examined the distribution of
bcl-2 in the rat hippocampus following transient forebrain ischemia (TFI).
TFI was induced in normothemic adult rats by bilateral carotid artery
occlusion with hypotension.
Animals were perfused with 4%
paraformaldehyde 6, 12, 18, 24, 48, 72 hours following induction of TFI.
Frozen 10 pm coronal sections were analyzed for the distribution of bcl-2
protein by immunohistochemistry. Sections were immunostained using a
polyclonal rabbit antibody specific for bcl-2 (Santa Cruz) or antibody
preincubated with the immunizing peptide. Following incubation with
biotinylated anti-rabbit IgG, sections were incubated with
avidin/biotin/peroxidase complex and DAB was used as a chromagen.
Immunoreactive bcl-2 was detected within the cytoplasm of most
hippocampal neurons including the vulnerable CA1 pyramidal cells of nonischemic animals and during the first 18 hours following TFI. At
approximately 24 hours of recovery, a depletion of immunoreactive bcl-2 was
observed in most vulnerable CA1 pyramidal neurons while immunoreactive
bcl-2 continued to be present at all recovery times in resistant neurons of the
other CA regions and dentate gyrus. These results suggest that the presence
of bcl-2 protein may influence neuronal survival following TFI.
Supported by funds from Rhode Island Hospital.

REGULATION OF GENE EXPRESSION BY 02 DEPRIVATION IN
DROSOPHILA MELANOGASTER. Enbo Ma and G. G. Haddad*.
Departments of Pediatrics and Cellular & Molecular Physiology,
Yale University School of Medicine, New Haven, CT 06520
We have recently shown that the adult fruit fly Drosophila
melanogaster (DM) is very tolerant to complete lack of O2 and can
totally recover from 4 hrs of anoxia. To study the mechanisms that
are activated during O2 deprivation and which are potentially
protective, we used two groups of DM: one was kept in 0% O2 for 4
hrs and another was used as a control. Flies from both groups were
immediately frozen in liquid N2, shaken vigorously, and passed
through a number of sieves of successively smaller pore sizes in
order to collect heads. Poly-A RNA was isolated from both groups of
DM heads and the transcripts for heat shock proteins (HSP70 and
HSP26), ubiquitins (UB3 and UB4), cytochrome oxidase (COX) and
superoxide dismutase (SOD) were quantitatively analyzed by
Northern and slot blot analysis. Gene expression for HSP70 was
up-regulated by ~3.5 times while UB4 and COX were downregulated to about half of control during anoxia. HSP26, UB3 and
SOD did not change significantly. From these results we conclude
that during 02 deprivation 1) there is differential regulation of
gene expression and 2) the up-regulation of HSP70 and downregulation of UB4 are consistent with the idea that such changes
potentially protect against protein degradation. (Supported by NIH
T32HL077778, P01 HD32573, HL28940 and NS32578).

675.7

675.8

HSP70 AND C-FOS mRNA INDUCTION
IN THE
HIPPOCAMPUS
FOLLOWING THE FOCAL ISCHEMIA IN GERBILS: THE RELATIONSHIP
TO ISCHEMIC TOLERANCE.
K. Miyashita*, T. Nakajima, H.
Abe, M. Nishiura, T._ Sawada and H. Naritomi.
Cerebrovac.
Division,
Dept.
Med.
National Cardiovascular Center,
Suita, Osaka 565, JAPAN.
In gerbil model of unilateral middle cerebral artery
occlusion (MCAO), in which both sides of hippocampus are
spared from direct ischemic insult, hsp70 and c-fos mRNA
induction in the hippocampus was studied using in situ
hybridization
method.
Ischemic
tolerance
of
the
hippocampus was also investigated inducing transient
forebrain ischemia at 3-7 days after MCAO. Induction of
hsp70 mRNA was faint in both hippocampal regions at 12 to
24 h after left MCAO, while c-fos message was clearly
induced in the left hippocampus at 0.5 to 6 h following
ischemia. Animals undergoing left MCAO displayed ischemic
tolerance at 5 min bilateral carotid artery occlusion
(5BCO) done at 3 days after MCAO. More than 40% of CA1
neurons survived in the left hippocampus. In contrast,
less than 10% of those survived in the right. No such
tolerance was observed at 5BCO done at 7 days after MCAO.
The dissociation of hsp70 and c-fos mRNA induction after
MCAO may be derived from the difference of threshold
between these two genes. Hsp70 appears to play little
role in the induction of focal ischemic tolerance in the
gerbil MCAO model.
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SPREADING DEPRESSION INDUCES TOLERANCE
TO ISCHEMIA IN THE CEREBRAL CORTEX OF RATS.
S. Kobavashi, V. A, HarriSi F . A, Welsh* Div. Neurosurg.,
Univ. Penna. Sch. Med., Philadelphia, PA 19104.
The objective of the present study was to determine whether
cortical spreading depression (CSD) induces tolerance to ischemia in
the cerebral cortex of rats. CSD was evoked by applying 2 M OC1 to
the intact dura over the frontal cortex of one hemipshere for 2 hr.
After recovery for 24 hr, bilateral forebrain ischemia was produced
using carotid artery occlusion and arterial hypotension. Following
ischemia for 6 min (n=7) or 10 min (n=6), animals were permitted to
survive for 4-6 days prior to assessment of histopathology. In separate
animals (n=5), KC1 evoked 11 ± 3 DC shifts and triggered the expression of c-fos mRNA, but not hsp72 mRNA, in the ipsilnternl cortex.
Forebrain ischemia of 6-min duration caused selective neuronal
necrosis in many brain areas, but the number of necrotic neurons in
the cerebral cortex preconditioned with CSD was significantly lower
than that in the contralateral cortex. The extent of neuronal necrosis in
striatum and hippocampus was not significantly different between
hemispheres. Forebrain ischemia of 10-min duration caused a severe
degree of neuronal necrosis and scattered microinfarction. The extent
of infarction in the cerebral cortex preconditioned with CSD was
markedly diminished relative to that in the contralateral cortex. These
results demonstrate that CSD induces tolerance to both mild and
severe ischemia in cerebral cortex by mechanisms unrelated to hsp72.
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675.9
THE EXPRESSION OF BFGF INCREASED AT
TRANSCRIPTION LEVEL BUT NOT AT TRANSLATION
LEVEL IN THE CA1 PYRAMIDAL CELL LAYER IN
ISCHEMIA-TOLERANCE INDUCED RAT MODEL.
M.Endoh*._ J. A. Wagner#,_ T . Yokoyama._ H. Ryu.
K.Uemura
Dep.of Neurosurgery, Hamamatsu
University School of Medicine, 3600 Handa-cho,
Hamamatsu, 431-31 Japan, #Dep.of
.
Neurology/Neuroscience, Cornell University
Medical College
We previously reported that 10 minutes of
transient forebrain ischemia induces bFGF mRNA
but not bFGF protein in the CAl pyramidal
cells.
In this study, we investigated the
changes of bFGF following 2 minutes of
transient forebrain ischemia, that is so called
ischemia-tolerance induced rat.
Transient
forebrain ischemia was produced with 4 vesselocclusion method.
In situ hybridization
demonstrated that 2 minutes of transient
forebrain ischemia induced bFGF mRNA in the CAl
pyramidal cell layer by 24 hours after
ischemia.
But immunohistochemistry failed to
show the expression of bFGF in the CAl
pyramidal cell layer.
Other investigators have
recently reported that ischemia induced bFGF
protein in neurons shortly after ischemia in
vitro.
However, our results do not suggest
that bFGF plays a key role in the protection
for neurons in ischemia-tolerance induced rat.

675.10
ISCHEMIC PRECONDITIONING CONVEYS HISTOLOGICAL BUT
NOT FUNCTIONAL PROTECTION. D. Corbett*. P. Crooks, P.
Dooley, S. J. Evans and S. Nurse. Basic Med.Sciences, Fac. Med.,
Memorial Univ., St. John's, NF, Canada A IB 3V6.
Previous studies have shown that prior exposure to brief periods (e.g.
1.5-2 min) of ischemia protects CAl neurons from a subsequent, lethal
ischemic insult several days later. It is not known if this ischemic
"tolerance" translates into functional preservation since a number of
treatments maintain neurons in a viable, but abnormal state.
Gerbils were exposed to 2 x 1.5 min episodes of global ischemia (24
hr apart) followed 3 days later by a 5 min occlusion that typically
destroys >95% of CAl neurons. In one experiment, animals were tested
in an open field test of habituation 3,7 and 10 days after the last
ischemia. In a second experiment CA 1 field potentials (fEPSFs)were
recorded from hippocampal slices taken 4 days after the last ischemia.
CA 1 cell counts showed that preconditioning resulted in about 70%
preservation assessed 10 days after ischemia. In spite of the substantial
degree of histological protection, open field activity levels in
preconditioned gerbils were no different than ischemic gerbils, indicating
a marked habituation deficit. Similarly, CAl fEPSP's were less than
50% of those recorded in sham animals. These data suggest that while
ischemic preconditioning protects CAl neurons histologically, many of
these neurons are functionally abnormal.

Supported by the MRC of Canada

675.12

675.11
CHRONIC HYPOXIA INCREASES THE NEURONAL RESPONSE TO
ACUTE HYPOXIC STRESS. J.P. O'Reilly* and G.G. Haddad. Depts of
Biology, Pediatrics, and Cellular and Molecular Physiology, Yale University and
School of Medicine. New Haven, CT. 06520
Acute oxygen deprivation can have severe consequences in the central nervous
system (CNS). However, much less is known about the effects of long-term
(chronic) hypoxic exposure on the CNS. We hypothesized that exposure to
chronic hypoxia would be detrimental to the CNS. We exposed rats (P0-P2) to
FiO2 of 9.5±1 % until P21-P35 (exposed). Membrane potential (Vm) and input
resistance (Rm) were measured during in vitro acute hypoxia at two levels of
tissue PO2 in neocortical neurons (NCX) and hypoglossal neurons (XII) using
the brain slice technique and intracellular recordings. Age-matched normoxic
animals were used as controls (naive). In response to acute hypoxia (15 Torr),
exposed NCX (n=13) depolarized to a much greater extent (53.2±7.0 mV;
±SE) and showed a larger decrease in Rm (-76.7±8.2%) than naive NCX
(n=8; AVm=10.6±2.1 mV; p<0.001; ARm= -17.0±4.6%, p<0.001). In
response to anoxia (0 Torr), exposed NCX (n = 18) showed anoxic depolarization
(>20mV/min) much sooner (4.8±0.4 min) than naive NCX (8.8±1.0 min,
n = 19; p<0.001). Exposed (n=25) and naive (n=33) XII showed similar
responses to both hypoxia and anoxia. Re-oxygenation produced a rapid
recovery of both Vm and Rm in naive NCX and XII, and also in exposed XII.
However, exposed NCX remained depolarized during the recovery period
(lOmin) following both hypoxia and anoxia, and Rm showed a delayed recovery
pattern. In addition, 28% of the exposed NCX failed to recover from anoxia.
We conclude that chronic hypoxic exposure renders neurons in the NCX more
sensitive to the effects of acute hypoxia, and possibly more vulnerable to stressinduced injury. (Supported by HD 32573, HL 28940, NS 32578)

ALTERED NEURONAL PROPERTIES IN NEOCORTEX FOLLOWING
LONG TERM EXPOSURE TO HYPOXIA. M.L. Schwartz*. J.P. O’Reilly
and G.G. Haddad.. Depts. of Neurobiology, Biology, Pediatrics, and Cellular
and Molecular Physiology. Yale University and School of Medicine. New
Haven, CT. 06520
Neurons in the central nervous system (CNS) are extremely sensitive to
oxygen availability in the environment, and oxygen deprivation can have severe
physiologic and pathophysiologic consequences. Since little is known about the
effects of long-term 02 deprivation on the developing CNS, we studied neurons
from animals chronically exposed to a hypoxic environment. We hypothesized
that chronic hypoxic stress would be detrimental to the development of the CNS.
Neonatal rats (P0-P2) were raised in a plexiglass chamber with FiO2 of 9.5 ±
1 % (exposed). At P21-P35, the animals were removed from the chamber, and
the neocortex (NCX) was prepared for morphologic and electrophysiologic
study. Golgi stained sections (100 pm) were used to count spine density on
apical dendrites of pyramidal neurons in NCX. Data from 6 exposed and 6 agematched normoxic controls (naive) revealed a significant decrease (p<0.01) in
the mean # of dendritic spines in the NCX from exposed (40.7 ± 17; ±SEM)
vs naive animals (49.4 ± 1.3). Intracellular recordings from brain slice were
used to measure membrane potential (Vm) and input resistance (Rm). Baseline
Vm was not different between exposed and naive NCX, while Rm was greater
(p<0.01) in exposed (53.5 ± 3.4 MO, n=41) compared to naive (42.8 ± 2.3
MO, n=52). We conclude that 1) long-term exposure to a reduced oxygen
environment alters neuronal cytoarchitecture and membrane properties in NCX,
and 2) these changes may play a role in the increased response to acute hypoxia
in NCX neurons from exposed animals. (Supported by HD 32573, HL 28940,

675.13

675.14

“ISCHEMIC TOLERANCE” IN CORTICAL CELL CULTURE. M. C. Grabb*. and
D.W. Choi. Dept. of Neurology and Center for the Study of Nervous System Injury,
Washington Univ. School of Medicine, St. Louis, MO 63110.
Several studies in recent years have established the phenomenon of “ischemic
tolerance” in animal models of brain ischemia, where mild ischemic insults render
the brain resistant to injury induced by a subsequent, more severe insult (Kitagawa,
Br. Res. 528:21, 1990; Kirino, J. Cereb. Blood Flow Metab. 11:299, 1991). This
phenomenon is thought to reflect protective cellular alterations induced by the first,
preconditioning ischemic insult. The present study was performed to see if the
phenomenon could be demonstrated in cell cultures.
Murine cortical cell cultures containing both neurons and glia (DIV 13) were
exposed to sham wash, or periods of oxygen-glucose deprivation (5-20 min) too
brief to induce detectable cell death. 24 hrs later, these cultures were exposed to a
50-75 min period of oxygen-glucose deprivation, sufficient to induce intermediate
levels of neuronal death without glial death in control cultures (as assessed 24 hrs
later by morphological examination and LDH efflux to the bathing medium).
Cultures preconditioned by exposure to a 20 min period of oxygen-glucose
deprivation exhibited 30-70% less neuronal death than those preconditioned by
sham wash alone. These experiments support the idea that sublethal ischemic
insults can render cortical cells resistant to subsequent ischemic insults, and provide
encouragement for further examination of this phenomenon in the culture system.
Supported by NIH NINDS grant NS 30337 (DWC).
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HYPOXIA TRIGGERS NEUROPROTECTIVE ALTERATIONS
IN HIPPOCAMPAL GENE EXPRESSION VIA A
HEME-CONTAINING SENSOR.

A/T. Gage* and P.K. Stanton. Departments of Neuroscience & Neurology,
Albert Einstein Coll. Med., Bronx, NY 10461
Pre-exposure of rat hippocampus to short periods of hypoxia increases the
resistance of CAl pyramidal neurons to longer, normally fatal hypoxic insults.
We have previously shown that the induction of this neuroprotection requires
ongoing RNA and protein synthesis. We hypothesized that, similar to
peripheral erythropreisis, a low [O2] environment may convert a hemecontaining sensor to its deoxygenated conformation, triggering the expression
of neuroprotective gene products. Carbon monoxide (CO) can replace O2
bound to heme iron and effectively lock the porphyrin ring in its oxygenated
state. Therefore, we applied 10% CO to hippocampal slices during severe
hypoxia, to determine if it could prevent the induction of neuroprotection by
hypoxia.. We used a bipolar electrode to stimulate Schaffer collateral axons in
area CAl every 60 s, and recorded evoked dendritic population epsps in
stratum radiatum. Naive slices subjected to a 15 min period of severe hypoxia
(95% N2/5% CO2) show little or no recovery of synaptic trarcmiision. In
contrast, 5 min preconditioning hypoxia markedly improved resistance to
subsequent, longer hypoxic episodes. In contrast, when a 5 min
preconditioning hypoxia was given' in the presence of CO (85% N2/5%
CO2/10% CO), the induction of neuroprotection was completely blocked. As
a control, another group of slices were subjected to 5 min preconditioning
hypoxia, followed 1 hour later by a second hypoxia in the presence of CO..
This group of slices exhibited normal resistance to hypoxia-induced loss of
synaptic transmssion, indicating that the blockade of neuroprotection by CO
could not be attributed to nonspecific toxicity, but are probably due to
inactivation of a heme-containing O2 sensor.

1730

ISCHEMIA:

ISCHMEIC TOLERANCE AND STRESS PROTEINS

WEDNESDAY AM

675.15

675.16

EFFECTS OF SEVERE ISCHEMIA-HYPOXIA ON GENE EXPRESSION IN
YOUNG RATS. K.L. Gilbv*. K.M Murphy. J.N. Armstrong . R.W. Currie and
H.A. Robertson. Laboratory of Molecular Neurobiology, Depts. of Pharmacology
and Anatomy & Neurobiology, Dalhousie Univ., Halifax, NS, Canada, B3H 4H7.
Ischemic brain injury leads to a destructive cascade of events that culminates in
the death of certain neurons in hippocampus, striatum and cortex. The mechanism
by which this occurs is poorly understood, but one of the early events following
injury is a rapid increase in the expression of immediate-early genes and stress
genes such as the inducible hsp-70. In order to understand the progression of
changes initiated by ischemic insult that eventually lead to cell death, we used
young rats in the Rice-Vannucci model of ischemia-hypoxia and have studied the
effects of severe (60 min hypoxia) injury on the induction of c-fos, c-jun and
hsp-70 in the hippocampus. Rats (100) were divided into 4 groups (naive control,
hypoxic control, ligated control and ligated hypoxic). Two animals that had
seizures were excluded from the study. No cell death or increased protein
expression was seen in any of the control groups. However, in the ligated hypoxic
group, severe damage was observed. Such severe injury was associated with
increased expression of the c-Fos and c-Jun proteins on the side ipsilateral to the
injury at 12 hrs. However, at 24 hrs the expression of both c-Fos and c-Jun
proteins on the ipsilateral side had returned to basal levels while their expression

NEURONAL AND GLIAL EXPRESSION OF INDUCIBLE HSP70 IN
FOREBRAIN ISCHEMIA. D. Xu1 J.-C.L. Plumier! H.A. Robertson2 and RW.
Currie^* Laboratory of Mol. Neurobiology, Depts. of Anatomy & Neurobiology1
and Pharmacology2, Dalhousie Univ., Halifax, N.S., Canada, B3H 4H7.
Although induction of HSP70 in neurons in the vulnerable regions in the brain
after cerebral ischemia has been well documented, the relationship of the expression
with neuronal death and survival remains unclear. In the present study, we
examined neurons as well as glial cells for cell death using cresyl violet staining,
and for expression of HSP70 by immunohistochemistry at 1.5, 3, 6, 12, 24, 48, 72,
and 120 hours after 30 minutes of global ischemia. Immunoreactivity against
HSP70 was first observed at 12 hours in neurons in layer V of the cortex, and at 24
hours in layers II and III. Layer VI of the cortex rarely revealed expression of
HSP70. Most of the pyramidal cells in the hippocampus expressed HSP70 at 24
hours and the expression remained at high levels until 72 hours. Elevated
expression of HSP70 remained until 120 hours in the CA3 region. This pattern of
HSP70 expression was seen when there was only moderate cell loss in CA1 at 72

was increased on the contralateral side. HSP-70 levels increased on the ipsilateral
side in CA1 at 24 hrs, but not at 12 hrs. At 48 hrs, the levels of c-Fos and c-Jun
are at basal levels, but HSP-70 remains elevated on the ipsilateral side. At no time
was HSP-70 protein expressed on the side contralateral to the insult. These
findings suggest that even in this severe type of ischemic insult, expression of
c-fos, c-jun and hsp-70 may be involved in the events leading to cell death.
Altering expression of these genes may therefore be expected to change the degree
of injury, (supported by the MRC and SmithKline Beecham Pharma Inc.)

and 120 hours as revealed by cresyl violet staining. However, in some cases, cresyl
violet staining revealed abrupt and massive neuronal loss due to cell death in CA1
at 24 hours and in CA3 and dentate gyrus at 72 hours. In these brains, at 24 hours,
HSP70 was not observed in CA1 but CA3 had a pattern similar to brains with only
moderate cell loss in CA1. Only in cases with severe cell loss, was HSP70
expression seen in layer VI of the cortex. HSP70 expression was observed in glialike cells, often in clusters, in areas in cortex and hippocampus where neuronal
HSP70 immunoreactivity was no longer detected and cresyl violet staining revealed
loss of neurons. These glial-like cells were immunoreactive for OX-42. These
findings suggest a relationship between neuronal expression of HSP70 and neuronal
survival. Glial expression of HSP70 may be associated with activation of the glial
cells in response to neuronal necrosis.
(Supported by the MRC of Canada and SmithKline Beecham Pharma Inc.)

675.17

675.18

EFFECTS OF CEREBRAL INJURY ON TRANSGENIC MICE EXPRESSING
THE HUMAN HSP70. J.-C.L. Plumier1*. J.N. Armstrong1. H.A. Robertson2. R.W.
Currie1. C.E. Angelidis4. H. Kazlaris3. G. Kollias3. and G.N. Paeoulatos4
Laboratory of Molecular Neurobiology, Departments of Anatomy & Neurobiology1
and Pharmacology2, Dalhousie University, Halifax, N.S., Canada B3H 4H7:
Department of Molecular Genet^, Hellenic Pasteur Institute, Athens, Greece
11521; Laboratory of General Biology4, University of Ioannina Medical School,
Ioannina, Greece 45332.
In the brain, expression of the inducible HSP70 is well described following many
types of injury, including ischemia and kainic acid treatment. This induced
expression of HSP70 has been suggested to -be associated with neuronal protection to

EXPRESSION OF hsp70 mRNA FOLLOWING TRANSIENT BILATERAL
COMMON CAROTID ARTERY OCCLUSION IN TRANSGENIC MICE
OVEREXPRESSING CuZn-SUPEROXIDE DISMUTASE. Murakami K 1 Kondo T.
1 Honkaniemi J. 3 Mikawa S 1 Chan T. 1 Chen S *. 1 Sharp F R. 3 Epstein C J. 2 and
Chan P H. 1 (Department of Neurology, Neurosurgery1 and Pediatrics2, University of
California, San Francisco, CA94143 and Department of Neurology3 VA Medical
Center, San Francisco, CA94121.)
Various studies have demonstrated an increase in heat shock protein 70 (HSP70)
synthesis in the brain following transiently induced ischemia, suggesting a protective
role for HSP70 against ischemic insult. Recently, it has been reported that HSP70
mRNA (hsp70) expression is affected by oxidative stress. However, the underlying
mechanism is unclear. We used transgenic (Tg) mice which overexpress CuZn superoxide dismutase (CuZn-SOD), to examine the amount and distribution of hsp7C
expression following transient bilateral common carotid artery (CCA) occlusion. Male
heterozygous Tg mice (Tg HS/SF-218-3) and nontransgenic (nTg) normal littermates
(35±4 g) were anesthetized with methoxyflurane. Bilateral CCA were occluded for 3
min using small surgical clips. The mice were decapitated, and brains were frozen and
sectioned 20 pm thick. The sections at 4, 24, 72, and 168 h after the surgery were
processed for in situ hybridization with [35S]-Iabeled oligonucleotide probe of hsp7C
(n=3). Histological findings were examined by cresyl violet staining, and DNA
fragmentation was examined by specific labeling of 3'-OH DNA ends using the
TUNEL technique. In Tg mice, hsp70 was strongly expressed in cortex, caudate
putamen, thalamus and whole hippocampus at 4 h, and it was still detectable within
the hippocampal CA1 for up to 24 h. However, in nTg mice, hsp70 weakly appeared
only CA1 from 4 to 24 h. There was no observable neuronal necrosis in either Tg oi
nTg by cresyl violet, and DNA fragmentation was not seen in either Tg or nTg. The
present study demonstrates that increased CuZn-SOD activity induced or permitted the
hsp70 expression after transient bilateral CCA occlusion without any observable
cerebral injury. We speculate that upregulation of hsp70 expression may be associated
with decreased production of reactive oxygen species in CuZn-SOD Tg mice after a
transient cerebral ischemia. (Supported by NS-14543, NS-25372, AG-08938.)

ischemic injury. Recently, we reported that constitutive overexpression of the
human inducible 70-kDa heat shock protein in mice increased - the contractile
recovery of isolated hearts following global ischemia. The protective effect of
overexpression of the human HSP70 transgene in mouse brain has not yet been
determined. Transgenic mice overexpressing the human HSP70 under the control
of the human P-actin. promoter were examined for neuronal protection to cellular
injury. Presence of the human transgene in brain was determined by SI nuclease
mapping using a fragment derived from the PAT-HS70 plasmid as probe. Western
analysis demonstrated constitutive expression of the human HSP70 in mouse brains.
In preliminary experiments, kainic add was injected intraperitoneally into control
and transgenic mice. Kainic acid administration (35 mg/kg) lead to 50% death of

control mice (n=6) and 89% death of transgenic mice (n=9) during epileptic seizure.
This result suggests that overexpression of the human HSP70 transgene in mouse
brain does not protect and may even sensitize the hHSP70 transgenic animals to
kainic acid induced seizures. We are currently examining these transgenic mice for
resistance to ischemic injury.
(Supported by Heart & Stroke Foundation of New Brunswick, MRC of Canada and
SmithKline Beecham Pharma Inc.)

675.19
ASTROCYTE SURVIVAL AND HSP70 HEAT SHOCK
PROTEIN INDUCTION FOLLOWING ACIDOSIS AND
HEAT SHOCK. P.Narasimhan*, R.A.Swanson, S.Sagar,
F.R.Sharp. Department of Neurology, University of Californ
at San Francisco and SFVAMC, San Francisco, CA 94121.
Though severe acidosis is animportant mediator of brain
infarction, recent evidence suggests that mild acidosis may
also protect ischemic cells. The HSP70 heat shock protein is
induced by acidosis in cultured cells and in ischemic brain,
and is known to protect cells against many types of injury.
Therefore, this study determined whether induction of heat
shock proteins protects cultured astrocytes against acidosis.
Brief exposure of cultured cortical astrocytes to acid (pH5.2 ft>y
40 minutes) or heat shock (45® C for 40 min) markedly induced
hsp70 mRNA and HSP70 protein in these cells. Heat shock of
the cultured cortical astrocytes completely protected the
astrocytes from subsequent heat treatment (45®C for 4h). In
contrast, heat shock pretreatment and acid pretreatment
sensitized the astrocytes to injury from acidosis 24 h later. He.
shock pretreatment did protect astrocytes against exposure to
acid 48h later. These results suggest that induction of other
stress proteins and acid shock proteins partially protect the
astrocytes against damage produced by high concentrations
hydrogen ions.
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675.20
ANOXIA/AGLYCEMIA INDUCES mRNA ENCODING THE 70
KDA STRESS PROTEIN, HSP72, IN RAT HIPPOCAMPAL SLICES.
O. Zhou* and T . S . NowWa Jr. Deptp. of Ananamy & Neurobibiogy and
Neurology, University of Tennessee, Memphis, TN 38163
In previous studies we examined changes in the expression of
mRNAs and proteins that occur during preparation of hippocampal
slices. Under optimal conditions hsp72 was not detected, MAP2
immunoreactivity was comparable to that of normal brain, and Fos and
Jun staining were only moderately increased. We have now used slices
that meet these criteria to develop an in vitro model that replicates many
features of postischemic hsp72 expression observed in vivo. Vibratome
slices (400 pm) were prepared from halothane anesthetized Wistar rats
and incubated at 34 °C in standard artificial cerebrospinal fluid (ACSF)
purged with 95% O2, 5% CO2 including 5 mM glucose and 1.5 mM Ca.
The anoxic/aglycemic insult was produced by transfer to ACSF lacking
glucose, replacing O2 with N2 and reducing Ca to 0.2 mM. After insults
of 2-6 min slices were returned to normal ACSF for varied intervals up
to 4 h. Slices were frozen or fixed in 4% paraformaldehyde and
sectioned for in situ hybdridization, immunocytochemistry and
histology. Insults of 2-3 min duration resulted in minimal changes in
normal MAP2 immunoreactivity during the time intervals examined,
while anoxia/aglycemia of 4 min or longer produced rapid loss of
MAP2 staining and histologically shrunken neurons. Hsp72 mRNA
was detected after reoxygenation intervals of 1 h or longer, with
preferential induction in dentate granule cells and CA3 neurons.
Preliminary results indicate maximal expression after 3 min in vitro
ischemia. These findings demonstrate the potential utility of such
preparations for studies of changes in gene expression after ischemia.

WEDNESDAY AM

TRAUMA:

676.1
PREVALENCE OF TRAUMATIC BRAIN INJURY IN RUGBY
AND LACROSSE PLAYERS. J. Liotta, P. Donovick*.
Environmental Neuropsychology Lab., Dept, of
Psychology, State Univ. of N.Y. at Binghamton,
13902-6000.
The present study of 59 athletes was done
to see the amount of traumatic brain injury
(TBI) that they have sustained while playing in
their respective sports, An inventory of their
sports history was also examined. The athletes
currently play women's lacrosse or men's and
women's rugby. The testing instrument was the
Binghamton Head Injury Questionnaire. Two trends
were observed. The first being that rubgy
players had a higher incidence of TBI than
lacrosse players. The second was that female
rugby players had a higher incidence of TBI on
avg. than males in both their sports history
and in rugby. It was concluded that this maybe
due to the amount of experience that both
sexes have with contact sports. Females may
have reported every incident while males
only reported the severe cases because they
are used to the little blows. Another
conclusion was that males have more developed
necks and their heads are more protected as a
result.

676.3
EFFECTS OF SECONDARY INSULT ON TRAUMATIC BRAIN INJURY.
D.A, Chorny*. J.S. Sobloskv. L.L. Colgln. J.F. Davidson.
and M.E. Carev.
Dept, of Neurosurgery, LSU Medical
Center, New Orleans, LA 70112
Secondary insults (eg. hypotension, hypoxia)
potentiate traumatic brain injury. We quantified the
effects of traumatic brain injury followed by 10 minutes
of hypotension (MABP 50 mm Hg) on rodent sensory/motor
behavior. Isoflurane-anesthetized rats were injured in

the right sensory/motor cortex by a piston with a 4X8mm
elliptical tip which depressed the dura 1mm.
Impact
speed was 5M/sec. Hypotension was produced by removing
5ml of blood via a jugular cannula.
We reinfused the
blood after the 10-min hypotensive period. Animals were
placed in one of four groups:
1) Brain-injured followed
by 10-min. of hypotension; 2)
10-min. hypotension only;
3) brain-injured only; and 4) control. We evaluated
motor deficits using four tests:
performance traversing
a flat narrow beam, the number of footslips on a pegged
narrow beam, the number of foot-faults on a grid
platform, and a forepaw preference test.
The results
indicate the animals that received.brain injury and were
made hypotensive performed significantly poorer on the
flat beam and the grid than the normotensive
brain-injured rats or the rats subject to hypotension.
Experimental brain injury followed by hypotension has a
demonstrated deleterious effects on motor behavior,
beyond that of brain-injury alone.

676.5

for

Neuroscience

, Volume 21, 1995

1731

676.2
SINGLE-DAY TESTING IN THE MORRIS WATER MAZE. R.F. Codv.
D.O. Maris, L.C. Costa*-, M.S. Grady. Depts. of Neurological Surgery
and Environmental Health1, Univ. of Washington School of Medicine,
Seattle, WA.
The Morris water maze has been widely used to evaluate spatial learning.
Usually, sequential trials are carried out over several days to allow subjects
time to acquire the task. We were interested in determining whether a series of
trials in a single day would retain test specificity and sensitivity and have the
benefit of reducing work effort required in analyzing spatial function. In this
study, the Morris water maze was used to test spatial learning in naive adult
male Sprague-Dawley rats at 7 and 14 days following either sham surgery or
experimental traumatic brain injury (fluid percussion injury) (n=8 for each
group). Six trials per day were used, for a total of 12 trials per rat. Escape
latency, quadrant time, and cumulative platform distance were measured with a
video tracking system (VP-116, HVS Image, Hampton, England). Spatial bias
was assessed with free swims (probes) on the 5th and 12th trials.
Sham rats demonstrated significantly better performance than injured rats in
both probe trials. Cumulative distance measures indicated task acquisition by
sham but not injured animals at the end of the first day (p< .009 to .03);
significance was approached but not obtained in quadrant time and latency
measures (p<053 to .147). Comparison of escape latency, quadrant time, and
cumulative platform distance indicated definite acquisition of the task by sham
rats at the end of the second day of testing (p< .001 to .017). This experiment
shows that single-day testing in the Morris water maze can be used to assess
spatial learning accurately.

676.4
HYPERMETABOLIC RESPONSES TO BRAIN DAMAGE S.Y.
Roe. J.K. Relton+. S. Toulmond. E. McGowan* and N.J. Rothwell
School of Biological Sciences, Neuroscience Division, 1.124 Stopford
Building, University of Manchester, Manchester M13 9PT, UK +Present
address Amgen, 1885 33rd Street, Boulder, Colorado 80301, USA
Increases in metabolic rate have been reported in patients with
traumatic or ischaemic brain damage, and can compromise neurological
recovery and lead to metabolic disturbances. In order to investigate the
mechanisms underlying these responses, metabolic rate has been measured
after focal ischaemia (middle cerebral artery occlusion, MCAo) or
traumatic brain injury (lateral fluid percussion) in the rat. Both insults
lead to significant (25-30%) increases in resting oxygen consumption over
the 24h period after injury. This hypermetabolism was dependent on
activation of the sympathetic nervous system and was associated with
reduced food intake and weight loss. Expression of corticotrophin
releasing factor (CRT), which has been implicated in metabolic responses
to systemic injury and infection, was induced by brain damage. Central
(icv) injection of a CRF receptor antagonist, or lipocortin-1, which
inhibits CRF release, significantly inhibited the increases in metabolic rate
induced by MCAo. These data suggest that the marked metabolic
disturbances which result from brain damage share common mechanisms
with those seen after systemic injury, and depend on synthesis of CRF.

676.6

PHARMACOLOGICAL ATTENUATION OF PHOTOCHEMICALLY INDUCED APOPTOSIS IN THE RAT BRAIN. A. Kharlamov*.
D.M. Armstrong and H. Manev. ASRI, Medical College of Pennsylvania
and Hahnemann University, Allegheny Campus, Pittsburgh, PA, 15212.
It has recently been demonstrated that apoptotic cell death characterized
by intranucleosomal DNA fragmentation can occur in a mature brain after
ischemic damage (Stroke 1993, 24:2002; J Neurochem. 1993, 61:378;
NeuroReport 1994, 5:493). We have shown in rats that photothrombotic
focal brain injury, induced by the intravenous injection of the photosensitive dye rose bengal and skull irradiation with a beam of focused light, can
initiate the apoptotic process in cells in the area surrounding the necrotic
core (NeuroReport 1994, 5:2661). Apoptotic cells were identified using the
immunocytochemical terminal deoxynucleotidyl transferase (TDT)-mediated dUTP-biotin nick end labeling (TUNEL) technique (ApopTag kit,
Oncor). In addition, the area of the infarcted core was measured in brain
slices incubated with 2% triphenyltetrazolium chloride for 15 min at 37‘C.
Further evidence of programmed cell death was obtained using a pharmacological approach and blocking: a) endonucleases by intracerebroventricular injection of aurintricarboxylic acid (ATA 5,10,20 pg/5pl); and b) protein synthesis by injecting cycloheximide subcutaneously (2.5 mg/kg).
Both treatments significantly reduced the number of apoptotic cells in the
area surrounding the necrotic core, suggesting that the apoptotic process
involved de novo synthesis of proteins. In this study we also blocked glutamate receptors by injecting MK-801 intravenously (2.5 mg/kg). MK-801
reduced the size of the photothrombotic lesion and decreased the number
of TUNEL-labeled cells. Our results are consistent with the hypothesis that
glutamate receptor activation (probably caused by the release of glutamate
from the lesion core) may trigger delayed apoptotic cell death. Treatments
targeted at halting this process might provide neuroprotection in poststroke or post-traumatic brain pathologies.
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ASTROCYTE INJURY: THE ROLE OF EXTRACELLULAR CALCIUM
B.A. Rzigalinski, S. Liang, and E. F. Ellis*. Dept. of Pharmacology and
Toxicology, Medical College of Virginia, Richmond VA 23298.
Although considerable evidence supports a role for elevated intracellular calcium
((Ca2+]i) in neuronal damage associated with traumatic injury, mechanisms which
mediate traumatic injury in the astrocyte are less clear. Using an in vitro model of
cell injury (Ellis et al., FASEB J. A665, 1994), we investigated the role of Ca2+ in
astrocyte injury. Neonatal rat cortical astrocytes were cultured in silastic-bottom
wells. Stretch injury was induced using a Cell Injury Controller. This device
delivers a regulated pressure pulse of air to the silastic membrane, resulting in
membrane deformation and stretch injury. For these experiments, silastic membranes
were subjected to a 50 msec pulse, resulting in a 6.3 mm deformation of the silastic
membrane (38% stretch). The extent of cell membrane injury was assessed by uptake
of propidium iodide (PI) and release of lactate dehydrogenase (LDH). The highest
levels of PI staining were observed in cells injured in Ca2+-free or low Ca2+ medium
(0-10 pM). Increasing concentrations of extracellular calcium (0.1-2 mM) resulted in
decreased PI uptake. Release of LDH was also maximal in Ca2+-free medium, and
was also decreased by increasing extracellular Ca2+ (0.1- ImM). Thus, the extent of
injury was actually reduced by elevated extracellular Ca2+. Neither Ba2+, Mn2+, or
Zn2+ could substitute for extracellular Ca2+, suggesting that the effect on injury is
specific for Ca2+. Experiments conducted with 45Ca2+ demonstrated that stretch
injury induced an influx of extracellular Ca2+. Maximal levels of [Ca2+]i (10 fold
that of uninjured controls) were attained by 5 minutes post injury and returned to near
basal levels by 2-3 hours post injury. Neither influx of 4*Ca2+ nor the ability of
increased extracellular Ca2+ to protect cells from stretch injury could be inhibited by
nimodipine, CNQX, MK801 or SKF96365. Thapsigargin elevates [Ca2+]i by
activation of the capacitative calcium influx pathway, independent of receptor
occupation. Pretreatment of astrocytes with 1 pM thapsigargin for 5 minutes prior
to injury significantly deceased astrocyte injury. Thus, elevation of [Ca2+]i reduces
stretch injury of astrocytes. These results may be critical to evaluation of the role of
calcium in mechanical injury to the nervous system. Supported by NIH-NS 27214.
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676.8

EPIDERMAL GROWTH FACTOR INDUCES PROSTAGLANDIN H
SYNTHASE-2 IN CEREBRAL MICROVASCULAR SMOOTH
MUSCLE. G. Rich*. LJ. Prokuski, EJ. Yoder, and S.A, Moore. Dept.
of Pathology, University of Iowa, Iowa City, LA 52242-1181
Prostaglandins (PG) are likely to play an important role in regulating
normal cerebral vessels and their response to injury. This response
often involves proliferation of vascular cells and an inflammatory cell
infiltrate. Recently an inducible form of prostaglandin H synthase
(PGHS-2) has been described that may be important in inflammatory
and proliferative conditions. Thus, we investigated the ability of mouse
endothelium (En) and smooth muscle (SM) derived from cerebral
microvessels to release PG and express PGHS-2. In routine cultures,
both En and SM produce PGE2 and I2 and express PGHS-1 and -2
mRNA. Serum deprivation for 48h decreases PG production by > 90%
in SM but does not affect En. The drop in SM PG release is
accompanied by a loss of PGHS-2 mRNA and protein. Serum and
epidermal growth factor (EGF) reinduce PG production in these serumdeprived cultures, while other growth factors, FGF and PDGF, are
largely ineffective. Selective PGHS-2 inhibitors, NS-398 and 6methoxy naphthalene acetic acid, block EGF and serum-induced PG
production. Readdition of serum also upregulates PGHS-2 mRNA.
Furthermore, EGF and serum induce PGHS-2 protein in
immunoprecipitation and immunohistochemistry assays. A specific
PGHS-2 antibody labels the nuclear membrane with high intensity in
serum and EGF-stimulated cells. While a mechanism for serum and
EGF induction of PGHS-2 is not clear, phorbol esters also induce this
PGHS suggesting that protein kinase C may be involved. These results
indicate that cerebrovascular SM may be a significant source of PG in
brain injury. Supported by NS-27914, NS-24621 and NS-09858.

THE FEASIBILITY OF SPINAL CORD STIMULATION FOR CONTROL OF
LOWER EXTREMITIES. V. K. Mushahwar, K, W. Horch and P. R. Burgess*.
Dept. of Bioengineering, Univ. of Utah, Salt Lake City, UT 84112
The goal of this project is to assess the feasibility of controlling muscles in the
hindlimb of cats by electrically stimulating the spinal cord, ultimately as a method
for restoring mobility to paralyzed individuals. Earlier work in our lab has shown
that the lumbo-sacral portion of the spinal cord contains regions in which
stimulation activates specific muscle groups in the leg in isolation. We refer to
these regions as "activation pools." We report here on the activation pools for the
quadriceps muscle group.
For the experiments, the lumbo-sacral portion of the spinal cord was exposed.
The patella was dislocated and the patellar tendon was transected and attached to a
transducer to measure quadriceps force. Activities in the remaining main muscle
groups were monitored using a combination of force transducers and EMG
electrodes. Electrical stimulation through penetrating needle electrodes was used to
map the quadriceps activation pools in the ventral horn of the cord.
The results show that the quadriceps muscle group has two activation pools.
The rostral pool spreads from mid L5 to mid L6, while the caudal pool is contained
within L7. Current thresholds in the quadriceps pool for force production were as
low as 3 pA for 600 ps pulses. Stimulus levels could be increased several fold
beyond threshold before activity in other muscle groups was detected. Peak twitch
forces as high as 17 N were generated by single point stimulation.
These results indicate that the quadriceps muscle group can be selectively
recruited by electrically stimulating activation pools in the lumbo-sacral portion of
the spinal cord, and that good control of force can be achieved. If, as expected on
the basis of preliminary work we have completed, these results can be extended to
the remaining muscle groups in the leg, it would be feasible to utilize spinal cord
stimulation for restoring mobility to paralyzed individuals.

MENTAL ILLNESS II
677.1
PERSISTENT SLEEP ABNORMALITIES AND CLINICAL COURSE IN
PRIMARY ALCOHOLICS WITH SECONDARY DEPRESSION
CPClark.JCGillin.iS3olstein.AID?m(xtena.TLSm'rth.SDanowski.SLFoote*
Mlrwin.MASchuckit Dept. of Psychiatry, UCSD, La Jolla CA 90048.
23 male primary alcoholics with secondary depression (PASD) were
compared retrospectively with 23 age-matched males with alcoholism
alone. Polysomnography (PSG) and Hamilton Rating Scale for
Depression (HRSD) scores at admission & discharge were analyzed
(mixed design ANOVA, BMDP). Subjects were diagnosed by
Schuckft’s 1°/2O classification system & were excluded for alcohol
withdrawal, other Axis I diagnoses, recent drug use, recent delirium
tremens, serious medical problems, or sleep disorders. All remained
medication-free throughout their admission.
HRSD-17 was significantly worse in PASD than in pure alcoholics.
HRSD-24, HRSD-17, sleep latency, and % sleep efficiency improved by
discharge in both groups. REM duration displayed a trend toward
interaction, decreasing slightly in the pure alcoholics as compared to
little or no increase in PASD. Delta sleep abnormalities were severe
in both groups at admission; like some other sleep abnormalities, they
persisted despite clinical improvement.
Studies in primary depression suggest that short REM latency and
decreased delta sleep may be persistent trait markers.
(Supported in part by NIMH grants MH18399 & MH30914 & by VA
Research Service.)

677.2
BINDING TO 5-HT1D SITES IS REDUCED IN PREFRONTAL CORTEX OF
ALCOHOLICS. V. Aranao*. V.D. KhaitandJ.J. Mann. Dep. of Neuroscience,
NYS Psychiatric Institute and the College of Physicians & Surgeons of Columbia
University, New York, NY 10032.
Alterations in the serotonergic system have been implicated in suicidal
behavior and in chronic alcohol consumption. We sought to determine whether
binding to 5-HT1D, a presynaptic serotonin receptor, differed between alcoholics
who died by suicide (SA, n=12) or other means (CA, n=12), compared to
normal controls (C, n=12) in homogenates from dorsal prefrontal cortex. Each
SA and CA were carefully matched to a control based on age, sex and
postmortem delay (PMI) and assayed together as a triplet. Demographic
variables did not differ between groups, including age (SA=37.5±4.0y [20-61];
CA=39.2±4.3y [19-66]; C=38.3±4.1y [17-66], p=0.96) and PMI (SA=11.3±1.1h;
CA=12.3±1.2h; C=13.2±1.1h; p=0.51). The ratio of men to women was 10:2 in
each group. P2 pellets were resuspended in 50mM Tris-HCI buffer (pH 7.7) and
preincubated (37°C) for 10 min. The incubation (30 min, 20°C) contained six
concentrations of 3H-5HT (0.25 to 4riM) with 100nM 8-OH DPAT and 10pM
pargyline. Specific binding was defined by 5pM sumatriptan.. The levels of
5-HT, its precursor (TRP) and metabolite (5-HIAA) were determined by HPLC.
Both alcoholic groups had lower Bmax than controls (CA=60.9±9.1, p=0.027;
SA=56.4±4.9, p=0.009, C=79.1±8.0 fmol/mg protein), but Kd did not differ
between groups. Neither Bmax nor K, correlated with age. Bmax correlated
positively with PMI when all groups were examined together (r=0.37 p=0.03,
n=36). Kd did not correlate with PMI in any group. The levels of 5-HT, 5-HIAA
and TRP did not differ between groups (p>0.05). Bmax correlated with 5-HIAA
only in the control group (r=0.75, p= 0.01). Kd did not correlate with 5-HT,
5-HIAA or TRP. The data suggest that alcoholism is associated with damage
to serotonergic nerve terminals independent of the serotonergic deficit related
to suicide (MH46745, AA09004).

677.3

677.4
THETA SLOWING AS A RELIABLE, EEG-BASED INDICATOR OF 5-HT2
ANTAGONISM. D.F. Sissoff D.H. Snyder, J.M. Goldstein.
Zeneca
Pharmaceuticals Group, Wilmington, DE 19897.
Several putative, antipsychotic compounds were administered to rats
per os as a suspension in HPMC. EEG was recorded from screw electrodes chronically implanted, bilaterally, in the skull over frontal and parietal
cortices. The EEG signal was quantitatively analyzed in the frequency
domain by estimating the power spectrum of one minute epochs of EEG
before drug administration and at intervals following drug administration.
Mobility, a metric related to the mean frequency, and power in the theta
band (4.0 - 8.0 Hz) were analyzed as a percent of their values before drug
administration. Neither HPMC nor haloperidol changed theta mobility or
power. Chlorpromazine, clozapine, olanzapine, risperidone, ritanserin and
ZD3638 decreased theta mobility. Clozapine and olanzapine increased
theta power. The common factor among the compounds that decreased
theta mobility was predicted antagonism of the 5-HT2 receptor at the administered dose. The similarity of the effect on theta mobility between a
selective 5-HT2 antagonist such as ritanserin and a compound with a much
broader spectrum of receptor affinities such as clozapine also suggests that
the decrease in theta mobility observed in this study is indicative of 5-HT2
antagonism. Theta slowing induced by serotonergic antagonism has also
been observed in the hippocampus (Vanderwolf, et a/., 1990). The increase in theta power induced by clozapine and olanzapine can be attributed to the heavy sedation produced by these compounds. Sedation
would decrease the overall tone of the serotonergic system (Trulson &
Jacobs, 1979), and thereby augment the decrease in theta mobility induced by 5 -HT antagonism.

INCREASED ABUNDANCE OF MONOAMINE OXIDASE-A
CATALYTIC SITES AND ACTIVITY IN BRAINS OF HUMANS
WITH HEPATIC ENCEPHALOPATHY D.D. Mousseau1*, G.B,
Baker2 and R.F. Butterworth1 ‘Neurosci. Res. Unit, H6p. Saint-Luc,
Univ. of Montreal, Montreal and 2Neurochem. Res. Unit, Dept, of
Psychiatry, Univ. of Alberta Hospital, Edmonton, Canada.
Hepatic encephalopathy (HE) is a neuropsychiatric complication of
chronic liver disease which presents an altered biogenic amine function.
Monoamine oxidase (MAO) is the main degradative enzyme in amine
metabolism. We investigated the binding parameters of [3H]Ro 41-1049
and pH]Ro 19-6327, ligands having a high-affinity for the catalytic sites
of MAO-A and -B, respectively, in autopsied brain tissue from cirrhotic
patients with HE. The binding density of pH|Ro 41-1049 was increased
in both frontal cortex (by -86%) and cerebellum (by -223%) of HE
patients. An increase in MAO activity in the frontal cortex (by -47%)
and in the cerebellum (by -145%) was also limited to MAO-A. Except
for a slight increase in cerebellar activity, MAO-B parameters (eg.
specific binding of [3H]Ro 19-6327 and activity) in patient tissue were
not significantly different from those in control tissue. Analysis of
putative neurotransmitter amines in both regions indicated increased
levels of 3,4-dihydroxyphenylacetic acid and 5-hydroxyindoleacetic
acid, the predominant MAO-mediated metabolites of dopamine and
serotonin, respectively. These findings suggest a pathogenic role for the
MAO-A isozyme in human HE. (Funded by MRC, Canada)
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677.5
BIOCHEMICAL PROFILE OF BEFLOXATONE, A SELECTIVE AND
REVERSIBLE MAO-A INHIBITOR. O. Curet*. G.Damoiseau. N. Aubin.
C. Ssuvaqe. N. Ssntag. C, Carter J, BBnavides. B Ssatton, Ceetral
Nervous System Research Department, Synthelabo Recherche, RuellMalmaison, France.
Befloxatone selectively and competitively inhibits MAO-A in different
rat and human tissues (brain, duodenum, liver and heart) with Ki's
ranging from 1.9 to 3.6 nM for MAO-A and from 270 to 900 nM for
MAO-B. Befloxatone does not interact with a large number of
receptors, monoamine transporters or other amine oxidases. The
inhibition of MAO-A by befloxatone is fully reversible in vitro (dilution
method) and ex vivo after a single oral administration. In the rat brain,
befloxatone inhibits MAO-A with an EDW of 0.018 mg/kg, po, increases
the levels of NA, DA and 5-HT and decreases the levels of their
respective ideaminated metabolites. In vivo microdialysis studies show
that befloxatone (0.75 mg/kg, ip) increases extracellular levels of NA
(cortex), DA (striatum) but not 5-HT (cortex) after acute administration.
In rat brain sections and homogenates, [’Hl-befloxatone labels a single
saturable population of binding sites with a Kd of 1.3 and 1.5 nM,
respectively wihich has the pharmacological properties of MAO-A. In
vitro (brain) and ex vivo (duodenum), the binding of [’Hl-befloxatone is
displaced by tyramine. In the rat brain, a striking correlation was
observed between in vitro and in vivo labelling of MAO-A by [3H]befloxatone. In conclusion, these data provide evidence that
befloxatone is a potent, reversible, competitive, and selective MAO-A
inhibitor. Befloxatone is currently undergoing phase II clinical trials.

677.7
CLOZAPINE SELECTIVELY blocks a subset of GABAa receptors.
R.F. Squires* and E. Saederup. Nathan Kline Institute,
Orangeburg, NY 10962.
Earlier, we reported that clozapine reverses only half
of the inhibitory effect of 1 yM GABA on 35s-TBPS binding
to rat brain membranes in vitro, and speculated that this

might be due to selective blockade of some, but not all,
GABAa receptor complexes (Neurochem. Res. 11^: 1^99, 1991).
To test this possibility we combined clozapine pair-wise
with 44 other partial reversers, and found 13 that produced some additive reversal of GABA antagonistic effects.
Ro5-4864 and tranylcypromine gave the largest additive
effects (EC50 values
310 nM and 70 pM; additive reversal
22% and 26%, respectively). These results suggest that
clozapine blocks GABA selectively at one set of GABAa
receptors while Ro5-4864 and tranylcypromine block GABA at
other sets that are not blocked by clozapine. Clozapine
produces both GABA-negative (seizures, paroxysmal EEG) and
GABA-positive (sedation, anxiolytic, anticonflict, retardation of electrical kindling, blockade of metrazolinduced increases in cerebellar cyclic-GMP) effects. The
GABA-positive effects may be indirect, and due to selective blockade of certain types of GABergic disinhibition:

for example clozapine may block one type of GABAA receptor
on an inhibitory GABergic interneuron (e.g. al82Y2)> but
not another type on an excitatory principal neuron (e.g.
&233Y2* Benke et al. J. Biol. Chem. 269:27100, 1994).
Selective blockade of certain GABAa receptor complexes may
contribute to clozapine’s antipsychotic effect.
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677.6
LITHIUM DELAYS
ONSET
OF
EPILEPTIFORM-LIKE RESPONSES
SLICES

OUABAIN-INDUCED
IN HIPPOCAMPAL

R. S. EI-MaHakh, A, Schuir.R, S, Payne, R.Li, and R.S, Levy*. Depts
of Psychiatry, Anesthesiology, and Biochemistry, University of
Louisville School of Medicine, Louisville, KY 40292.
Lithium sretrnatmnnt has been shown to: protect dogs from digoxininduced cardiac arrhythmias, protect differentiated cultured human
neuroblastoma cells (SY5Y) from ouabain-induced cardiotoxicity, and
prevent ouabain-induced behavioral changes in rats receiving
intracerebroventriajlar ouabain. To further investigate this phenomenon
in living neuronal systems we examined the effect of lithium on ouabaininduced epileptiform-like population responses induced by electrical
stimulation. Male Sprague-Daw^y rats (225-275g) were treated with
intraseritonnal lithium (2.5 mEq/kg/d) for 10-21 days, then used as the
source for 400 pm thick hippocampal slices. Extracellular recording of
electrically evoked population spikes were obtained from the stratum
pyramidale of the CA1 region using micropipetes filled with artificial
cerebrospinal fluid. Lithium treatment alone did not alter population spike
response. Ouabain (3.3 pM) reliably produced epileptiform-like
responses. Lithium sretrnatment significantly delayed onset of ouabaininduced epileptiform-like activity by at least 15 min compared to
untreated animals (p<0.05). Our data demonstrates that lithium can
attenuate ouabain-induced effects in hippocampal slices. This system
may prove useful in the study of the mechanism of lithium action.

677.8
ERP STUDY ON DISSOCIATIVE DISORDERS. E^IUrJno^.HjF'jro^motp.,
R. Inoue and H. Iinai* DeDartmentof Psychiatry andNeNrulogy,
Juntendou Univ.Sch.of Med..Tokyo 113
Event-related potentials (ERPs) during tn auditory ”oddhal1”paradigm were studied Jn six ratJrnts with dissociative
disorders. The patients showed significant reduction in the
anpritudes of P300 during dissociative disorders compared
with the levels at remission. The latency of P300 did not
change significantly during and after dissociative disorders. In two patients who showed a high incidence of msmatch negativity (MMN during and after dissociative disorders, the ampHtudes of P300 increased at remission to a
greater extent than in the other four patients who showed a
low incidence of MM, mreover, there was no significant
difference in the level of atorophy in the superior temporal
plane (STP) on their brain CT. scans compared with that in
the age- and sex- mtched control group. The finding of the
change in the amnritudes of P300 suggests that the mechanism
of dissociation, which has been considered to be a defence
mechanism of hysteria, can be rsychoJpahiologically evaluated by ERPs. The amppltudes of P300 might be a state- dependent biological marker of dissociative disorders. The low
incidence of MMN and atorohy of STP suggest the possibility
of traitddependent cerebral dysfunction or fragility in dissociative disorders.

677.9

677.10

KYNURENINE PATHWAY METABOLITES IN CEREBROSPINAL FLUID
AND PLASMA OF TOURETTE SYNDROME PATIENTS. P. B. Chappell.
G. M.Andereoo, W, K, Goodman, L. H.Price, L, M. Hall-D,J, CCohO
and J. F. Leckman*. Yale Univ. Sch. of Medicine, New Haven, CT 06510
The tryptophan (TRP) metabolites kynurenine (KYN), kynurenic acid
(KA), and quinolinic acid (QA) are neurnnatian, having actions at the
NMDA glutamate receptor. Durson et al. (1994) have recently reported
substantial elevations in plasma KYN in medicated Tourne's (TS)
patients. A possible role for KYN pathway metabolites in TS also has
been suggested by reports of their motor effects in animals, and by
reports of reduced plasma TRP levels in TS (Leckman et al.,1984;
Comings, 1990) and reduced basal ganglia levels of TRP in TS
postmortem brain (Anderson et al.,1992).
In contrast to the report of Durson, plasma KYN was only slightly (621%) and not significantly elevated in the TS group (N=23); plasma
KYN was highly correlated with plasma ACTH secretion in the TS group.
CSF levels of KYN and QA did not differ between the TS and control
groups. However, the group mean level of CSF KA was modestly (16%,
p<.02) increased in the TS group (N=30) compared to the normal
control group (N=41).
The small Increase in plasma KYN may be consistent with an
apparent increased stress responsivity in some TS subjects (Chappell
et al.,1994). The increase in CSF KA is intriguing given the previous
suggestion that TRP metabolism and glutamatergic functioning may be
altered In TS (Anderson et al.,1992).

SYSTEMATIC CHANGES IN CEREBRAL METABOLIC RATE AFTER
SUCCESSFUL BEHAVIORAL TREATMENT OF OBSESSIVECOMPULSIVE DISORDER (OCD). J.M. Schwartz*. P. Stoessel. L.R.
Baxter. K. Martin. & M. Phelps. U.C.L.A. School of Medicine, Los
Angeles, CA 90024.
Eighteen drug-free subjects with OCD were studied with PET
scans before and after ten weeks of cognitive-behavioral
treatment. Twelve patients demonstrated clinically significant
improvement during the study period; six did not. Three main
findings emerged: (1) responders to treatment showed bilateral
decreases in caudate nucleus metabolism, divided by ipsilateral
hemisphere metabolism (Cd/hem), compared to non-responders.
This finding was more robust on the right (p«.003) than the left
(p«.02). (2) Before treatment there were significant (p<.002)
correlations of brain activity between the orbital cortex and the
caudate nucleus, cingulate gyrus, and the thalamus on the right.
After effective cognitive-behavioral treatment these correlations
decreased significantly. (3) There was a significant positive rankorder correlation between percentage change in symptom severity
rating score before and after treatment and the percentage
change in orbital cortex/hem on the left (p«.003).
These findings demonstrate systematic changes in brain
function in association with successful cognitive-behavioral
treatment.
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677.11

677.12

AUTONOMIC AND STARTLE RESPONDING DURING IMAGERY
AND PICTURE VIEWING IN A PATIENT PRE- AND POSTANTERIOR CAPSULOTOMY TO RELIEVE INTRACTABLE
OBSESSIVE- COMPULSIVE DISORDER. S.Y. Musil*, S.A.
Martinez, D.J. Drobes, B.N. Cuthbert, W.K. Goodman, and P.J. Lang.
Center for the Study of Emotion and Attention, Dept, of Clinical and
Health Psychology, Dept. of Psychiatry, Univ. of Florida, Gainesville,
Florida 32610.
Anterior capsulotomy, a surgical procedure disrupting fibers
connecting prefrontal codex and thalamus, has been used to treat severe
obsessive-compulsive disorder (OCD) when standard clinical
interventions have failed. Reports of this procedure typically include
extensive pre- and post- surgical evaluations of psychological and
neuropsychological functioning. However, to date, no study has
investigated changes in physiological reactivity to emotional stimuli
which might result from anterior capsulotomy.
We report here on a case of a 33-year-old patient (WW) with a
23-year history of severe OCD which proved refractory to standard
treatments, including multiple drug trials, intensive behavior therapy,
and ECT. Prior to undergoing anterior capsulotomy via stereotactic
radiosurgery techniques, WW participated in several physiological
assessment procedures currently in standard use in the Fear and Anxiety
Disorders Clinic at UF. Heart rate, skin conductance, corrugator EMG,
and eyeblink startle responses were collected during an affective imagery
procedure and while the patient viewed a series of affective slides. Prior
to surgery, WW showed enhanced startle responding, and increased heart
rate, skin conductance, and corrugator EMG, when viewing or imaging
fear-related, rather than neutral or pleasant stimuli. These data will be
presented and contrasted with post-surgical data.

CLONING OF NOVEL TRIPLET REPEAT CONTAINING GENES IN RAT
FRONTAL CORTEX. M, Ikeda* and M. Nomura Dept . of Physiology,
Saitama Med. School, Moroyama, Saitama 350-04, Japan.
The findings that expansion of triplet repeat is responsible for several
n euro psychiatric disease has introduced new concepts in human
inherited illness. In such diseases including Huntington’s disease (HD),
spino-cere bellar ataxia type 1 (SCA1), dentatorubral and pallidoluysian
atrophy (DRPLA), Machado-Joseph disease (MJD), earlier age at onset,
increasing severity of illness are associated with triplet
repeat
expansion. Marked expansion of triplet repeat may explain the
phenomenon of genetic anticipation. Recently, anticipation has been
reported in schizophrenia pedigrees suggesting a possible implication
of triplet repeat expansion in schizophrenia. To identify novel triplet
repeats containing genes associated with neuropsychiatric diseases,
PCR was used to isolate cDNA fragments with triplet repeats. Priming
with an oligonucleotide 10 CAG repeats and sequences in the phage
vector results in several clones with CAG repeats. DNA sequencing and
computer data base search to GenBank and EMBL demonstrated that
these clones are novel molecules. Northern analysis of these genes is
in progress.

MENTAL ILLNESS-DEPRESSION

678.1
LATE ONSET DEPRESSION AND MRI DETERMINED BRAIN
VOLUMETRIC MEASURES A Kumar*. D Miller. W Bilker. D Ewbank, D

Walsh. S Arnold. G Gottlieb University of Pennsylvania School of Medicine,
Philadelphia, PA 19104
The purpose of our study was to examine the relationship between the age of
onset of the first episode of major depression and global and regional normalized
volumetric measures in elderly subjects with Major Depressive Disorder (MDD).
Our sample comprised of 26 subjects (7 M, 19 W, Mean age ± SD=75.1±6.6)
with late onset MDD -- the first episode occurring after age 60. All subjects had
Hamilton depression scale scores of > 15 and stable comorbid medical disorders
with no evidence of clinical dementia or other brain disease. MR scans were
performed on a 1.5 Tesla GE signa scanner with head coil (TR=3000, TE=30,80
msec). A segmentation algorithm was used to segment brain parenchyma from
CSF and whole brain, hemispheres and frontal and temporal lobes were outlined
as previously described (Cowell et al. J Neurosci 1994). Absolute volumes of
brain and cerebrospinal fluid (CSF) were normalized using intracranial volume •
to correct for variations in head size. A multiple linear regression was used to
examine the relationship between normalized MRI measures and age of onset of
illness while adjusting for the subjects current age. Normalized whole brain
CSF and total ventricular volumes showed significant increases with age of
onset of illness, (r2=0.48 p<0.05 and r2=0.63 p<0.05 respectively), while frontal
lobe volumes decreased significantly as onset age increased (r2=0.19 p<0.05).

These data demonstrate that in subjects with late onset depression, global and
focal measures of atrophy increase with age of onset of illness. They also
suggest that neuroanatomical contributions to the disorder may increase with a
later age of onset of the illness.

678.3
Behavioural Despair. A drug screening procedure sensitive to hypothermia.
Nadeau.*B. G.. Marchant E.G.. Mistlbereer. R, E.. Alexander. B. K, and Amir. S.
Psychology, Simon Fraser Univ., Burnaby, B. C., V5A 1S6.
Rats forced to swim after an initial burst of activity become immobile. The onset of
immobility is accelerated on subsequent trials. Immobility has been interpreted as a
state of lowered mood or despair which is reduced by administration of antidepressants
between trials. Despite false positives behavioural despair has a claim to validity as an
animal model of depression. Four experiments were conducted which together
challenge this claim. Experiment 1: Twenty-four male Wistar rats (250-350g) were
immersed in
water for 30 min on four occasions. Activity decreased across trials
and was correlated fr=-.49) with a diminished loss of core temperature. Experiment 2:
Ten rats were immersed in either 15 or 35°C water on triidsl and 2 (15 min for trial 1;
5 min for 23,4). Temperature was reversed for trial 3 and reversed again for trial 4.
Activity varied with water temperature. Reversal from 35 °C to 15 ® water produced
an increase in activity, and was decreased by a reversal from 15 “C to 35°C water.
Experiment 3: Forty one rats were immersed twice in 15,20,22,215, 30, 35,37, or
40°C water (5 or 6 per group). Activity in the second trial was a quadratic function of
water temperature (r=.51). Only 25 30, and 35® water produced significant reductions
in activity between triials. Experiment 4: Typical, atypical, and non-antidepressants
were administered (IP) to rats (5 or 6 per group) between trial 1 and 2 and the rats were
immersed in either 25 °C or 35 °C water. There were no differences in activity on trial
2 as a function of water temperature for saline treated rats. Compounds which reduced
core temperature (-1°C or more) increased activity in the second trial over the saline
control in 25 °C water. This was not true at 35°C. It is concluded that activity in the
behavioural despair test reflects behavioural thermoregulation and compounds tested at
25°C, as in the usual procedure, which produce hypothermia result in increases in
activity associated with cooler water.

Society

for

Neuroscience

, Volume 21,1995

678.2

INTRACELLULAR CALCIUM SIGNALS IN DEPRESSION MODELLED BY
SINGLE-CELL RECORDINGS OF T-LYMPHOCYTES. C. Dumais-Huber and
J.B. Aldenhoff*. Central Institute of Mental Health, Cell Physiology Laboratory, J5,
P.O. Box 122120, D-68159 Mannheim, Germany.
The aim of the present study was to test the hypothesis of an altered Ca2+-

homeostasis in psychiatric disorders and more specifically in depression. To this end,
T-lymphocytes served as peripheral model of CNS neurons because of their similarity
in receptor types and membrane properties. Thus, this easily accessible cell system
provides a mean to delineate cellular events along the signal transduction pathway
and to detect possible changes during depression as well as during therapy.
[Ca2+]j-measures were performed by fluorescence photometry in single
T-lymphocytes of 20 patients with unipolar depression (diagnosed according to the
DSM III-R criteria; Hamilton rating scale > 18 at first testing, to) and of 20 healthy
controls matched for age and gender. [Ca2+]j of T-cells was also assessed after

patients had been treated for 8 weeks (ti) either with Interpersonal Psychotherapy
(IPT) (N=13) or else with pharmacotherapy (N=7).
The Ca2+-response of T-lymphocytes to phytohemagglutinin (30 pg/ml PHA) was
markedly reduced during depression. Not only was the percentage of PHA-responsive
T-cells lower in depressed patients (20% in contrast to 50% in healthy subjects), but
the recorded Ca2+-signals were altered: longer onset latency, slower [Ca2+]j-rise,
smaller area under the curve, fewer Ca2+-oscillations. Upon clinical recovery, all
deviant Ca2+-parameters were found to normalize independently of therapeutical
approach. Our results indicate that single-cell recordings make it possible to analyze
the dynamics of Ca2+-signals and yield information having clinical implications for
the monitoring of cellular functions in depressed patients under therapy. (Supported
by the German Research Society and by theVolkswagenwerk Foundation. We thank
J. Sulger for laboratory work, M.Fritzsche&P. Gabriel for the supervision ofpatients).

678.4
IS THE DST A VALID MARKER OF PSYCHIATRIC
DISORDERS ?
H.Lukacs*,L.Mod,A.Alfoldi,I.Magyar,L.Bognar,
P.Toth, E.Frecska, M.Arato
D^jptt. of Mental Health, Central Military Hosp.,
Postgraduate Medical Univ., Semelweis Univ. Med.
School., Budapest, Htmgary
In
the
last
ten
years
the
dexamethasone
suppression test (DST) was used as one of the
diagnostic methods for detecting several psychiatric diseases, such as depression. Although in
these cases high percent of DST positivity was
found, only little attention has been paid to the
role of stress in DST positivity.
In this study 140 healthy young males ware
investigated in the time of a stressful life
event (day of military induction). One mg dexamethasone was given p.o. at 22:00 PM and the next
day 8:00 AM a blood sample was taken. Cortisol
was measured by compeeitive protein binding
method. The cut off point was 5 ps/di. AH subjects underwent a comppete physical and psychiatric check up. Thirty eight subject (24%) had an
abnormal DST result.One month later only 4% of
the
subjects
showed DST
nonsuppression.The
results suggest, that a stress situation alone
can cause reactively frequent DST nonsuppression
in healthy, young men.
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678.5
SEROTONIN (5HT) -1A AND 5HT-2A RECEPTORS IN PREFRONTAL
CORTEX (AREA 10) AND HIPPOCAMPUS OF SUICIDE VICTIMS
WITH MAJOR DEPRESSION. C.A. STOCKMEIER*. G.E. DILLEY.
L.A. SHAPIRO. J.C. OVERHOLSER. P.A. THOMPSON. AND H.Y.
MELTZER. Departments of Psychiatry and Psychology, Case Western
Reserve University, Cleveland, OH 44106.
Several studies in the past decade have yielded conflicting results on
altered numbers of 5HT receptors in prefrontal cortex and hippocampus in
depression and suicide. In the present study, we examined the hypothesis
that 5HT-1A and 5HT-2A receptors were increased in suicide victims with
major depression. Samples of right prefrontal cortex (area 10) and
hippocampus were collected at autopsy from 20 suicide victims and 19
control subjects. Retrospective psychiatric assessments were conducted for
all suicide victims and most of the age-matched control subjects. [3H]8-OHDPAT and [3H]ketanserin binding to 5HT-1A and 5HT-2A receptors,
respectively, was measured using quantitative receptor autoradiography.
Neither age nor postmortem interval significantly affected these receptor
measures. In either brain region, there were no significant differences in
radioligand binding between all suicide victims and control subjects, or
between a subset of suicide victims (N =11) with major depression (and no
psychoactive substance use disorder) and control subjects. In the latter group
of suicide victims, no antidepressant or antipsychotic drugs were detected
postmortem, and only 2 had recent prescriptions for an antidepressant drug.
In conclusion, neither 5HT-1A nor 5HT-2A receptors were altered in
prefrontal cortex (area 10) or hippocampus of suicide victims with a history
of major depression. Supported by PHS Grants MH45488 and MH41684.

678.7
LIMBIC TRH IS DIFFERENTLY AFFECTED BY ANTIDEPRESSANTS (AD)
vs SEIZURES. R.L. Llovd*. A.E. Pekary. M. Chilingar. A. Sattin.
Psychiatry, Medicine (Endocrinology) & Research Services, W. Los
Angeles VA Medical Center & UCLA, Los Angeles, CA 90073.
Electroconvulsive seizures (ECS) are known to trigger bursts of
synthesis of preproTRH in neuronal nuclei of several limbic regions,
resulting in long-lasting increases of TRH (pGlu-His-Pro-NH2) and its
immediate precursors including TRH-Gly. In the seizure model, the
magnitude of the TRH-Gly increase is significantly related to the
reduced immobility (AD effect) in the forced-swim test (FST) (Ann NY
Acad Sci, 739:135, 1994). Bupropion is an effective AD drug and MIF-1
(Pro-Leu-Gly-NH2) is, like TRH, another endogenous neuro-tripeptide.
A clinical AD effect of MIF-1 has been reported (J Affect Disord, 31:227,
1944). We tested both agents in the conventional Porsolt FST (buprop,
15 and MIF-1, 0.01, 0.1 and 1.0 mg/kg ip), applying the method used
in the ECS study to relate the swim score of each rat to the peptide
levels (by RIA) in extracts of brain regions. Others had previously
shown that both drugs reduced immobility in the FST. We confirmed
this using young male Wistars from Simonsen (Gilroy, CA). Neither
drug altered mean level of either TRH or TRH-Gly in any region, but in
amygdala/entorhinal cortex, the reduced immobility by both drugs,
was directly related to decreases in the peptide precursors of TRH as
measured by TRH-Gly. MIF-1 (but not bupropion) also showed this in
striatum. The MIF-1 effect was dose-related. Such effects were not
seen in anterior or pyriform cortices or hippocampus. Unlike ECS,
these AD agents might act mainly through alteration of TRH
processing. Generalization to other AD drugs and pharmacological
specificity remain to be determined. Supported by Va Research Service.
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GABAa RECEPTOR GENE EXPRESSION. A.N. BatesonU*.
V.A.-M.I. Tanav1. A.J. Greenshaw2>3 and G.B. Baker2>3.
Departments of 1Pharmacology and 2Psychiatry, and 3Division of
Neuroscience, Faculty of Medicine, University of Alberta, Edmonton,
Canada T6G 2H7.
Pharmacotherapy of panic disorder can be achieved with a number of
classes of drugs that apparently have differing primary sites of action.
These include monoamine oxidase inhibitors (MAOs), tricyclic
antidepressants (TCAs) that inhibit noradrenergic and serotonergic
uptake, and benzodiazepines (BZs) that potentiate GABAa receptor
function. Certain MAOs and TCAs have been shown to have secondary
sites of action that result in increased brain GABA levels. It is possible
therefore that GABAergic transmission underlies the etiology and/or
pharmacotherapy of panic disorder. Previous studies have indicated that
long-term activation of GABAa receptors results in specific changes in
GABAa receptor gene expression. We have chronically exposed rats to
representative drugs from each of the therapeutic classes that are used in
the treatment of panic disorder to determine whether they produce similar
changes in GABAa receptor gene expression. Drugs were delivered via
subcutaneously-implanted osmotic minipumps and specific GABAa
receptor subunit mRNA levels determined using a multiprobe solution
hybridisation assay. We have found that BZs and TCAs alter specific
GABAa receptor mRNA levels suggesting a novel action of these drugs
that may play a role in their therapeutic profile of panic disorder.
Funded by the Alberta Mental Health Research Fund and the Canadian
Psychiatric Research Foundation.

678.8

REDUCED TRH IN LIMBIC FOREBRAIN OF A PRIMATE
IS RELATED TO DEPRESSIVE BEHAVIORS. A. Kling*.
A.E. Pekary. G. Bramner, R.L. Llovd, M.E. McGuire. M.J.
Raleigh. A. Sattin. Psychiatry & Medical (Endo.) Svcs.,
Sepulveda & W. LA VA's & UCLA, Los Angeles, CA 91343.
Last year we presented the behavioral data from 4
adolescent female Vervets all of which were craniotomized
and bilaterally olfactory bulbectomized (OBX)(2) or control
handling (2). Depressive behaviors in the OBX's were
shown by reduced active grooming and social approach,
and increased social withdrawal. Most of these defects
were reversed following electroconvulsive therapy, but
during subsequent months the OBX’s are believed to have
relapsed since one delivered, then neglected its infant. 1112 mo post-surgical, the 3 survivors (1 OBX died) were
sacrificed and 13 anterior limbic, cortical and caudate
regions were dissected from each hemisphere for extraction
and analysis of TRH. Compared with the 2 controls which
were similar, TRH in the OBX was moderately or severely
reduced in 11 regions. For selected regions, co-plotting
these values with OBX-affected behavior scores gave
predictable linear plots implicating TRH deficiency in
depressive behaviors. Amygdalar TRH was not related to
agression. Support: VA Research Service.

678.9

678.10

MEASUREMENT OF HUMAN LYMPHOCYTE G-PROTEIN mRNA LEVELS IN

EFFECT OF PROLONGED TREATMENT WITH ANTIDEPRESSANT
DRUGS ON THE LEVEL OF mRNA CODING FOR D-l AND D-2
DOPAMINERGIC RECEPTORS IN THE RAT BRAIN.
M.Dzicdzicka-Wasvlewska. R.Rogoz. V.Klimek. A.Pilc*

DEPRESSED PATIENTS. T. Ishifane*. I. Kusumi. T, Akitava*. M. Mitsuhashi* and

T. Kovama. Dept. Psychiat., Hokkaido Univ. Sch. of Med., Sapporo 060, Japan.
•Hitachi Chemical Co.,ltd, Japan. 'Hitachi Chemical Research Center, USA.
Increasing evidence implicates abnormalities in the signal-transducing G protein in
the pathophysiology of affective disorder. We designed an easy measuring system of

human lymphocyte G protein mRNA in order to study G protein-coupled second
messenger systems in depressed patient. After synthesizing cDNA library from

lymphocyte mRNA, the G protein cDNA was amplified using polymerase chain
reaction (PCR) with biotin-labeled specific primers to all subtypes of G protein. PCR
product was hybridized to each G protein subtype (Gs, Gil, Gi-2, Gi-3 and Go) specific

probe which was immobilized onto microtitre plate. The biotin-labeled G protein
subtype cDNA was reacted with alkaline phosphatase-streptavidin conjugate, and then
substrate solution was added and color development detected by microplate reader.

Using this method, we measured each subtype of G protein mRNA in lymphocyte

from 15 drug-free depressed patients (eleven major depression with melancholia, 4
major depression without melancholia) and 15 normal controls. There was no

significant difference of any subtypes of G protein mRNA levels between the patient

group and controls.
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Inst. Pharmacol., Pol,. Acad. Sci., 12 Sm§tna St., Krakow, Poland.

The effect of prolonged administration of imipramine (IMI), citalopram
(CIT) and (+)oxaprotiline (OXA) on the level of mRNA coding for
dopaminergic (DA) receptors D-l and D-2 in the rat brain was studied.
Drugs (10 mg/kg) were administered twice daily, p.o., for 14 days.
Animals were decapitated 2 or 72 h after the last dose of the drug. The
level of mRNA coding for D-l and D-2 DA receptors was measured in
coronal sections of the rat brain through the nucleus caudatus (NC) and
nucleus accumbens septi (NAS) by in situ hybridization, using
commercially available probes (DuPontNEN), labelled with [35S]dATP.
Prolonged treatment with IMI (but not CIT or OXA) decreased the level
of mRNA coding for D-l DA receptor, to the same extent in the NC and
in the NAS, both shell and core. This effect corresponds well with the
decrease in the density of receptors labelled with 3H-SCH23390. On the
other hand, the level of mRNA coding for D-2 DA receptor was
significantly up-regulated following chronic administration of IMI and
CIT (but not OXA) and the effect was more pronounced in the NASshell than in the NAS-core and NC. Since there was no change in the
binding parameters of 3H-spiperone after prolonged administration of
antidepressant drugs (ADs) and behavioral studies undoubtly indicated
the potentiation of DAergic transmission by ADs, the present results
might indicate the different level of regulation, namely the mRNA
coding for DA receptors. (Supp. by KBN grant #6P20708206, Poland).
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PLA2 ACTIVITY IS INCREASED IN BLOOD OF PATIENTS WITH
SCHIZOPHRENIA AND BIPOLAR AFFECTIVE DISORDER. B.M.
Ross*.C. Hudson. J.C. Erlich. J.J. Warsh and S.J. Kish. Clarke Institute of
Psychiatry, Toronto, Ontario, Canada.
Magnetic resonance spectroscopy studies have suggested above normal
turnover of membrane phospholipids in brain of patients with schizophrenia.
One possible explanation for these findings is an increase in the activity of the
phospholipid catabolizing enzyme phospholipase A2 (PLA2). As a test of this
hypothesis we compared the activity of PLA2 in serum obtained from 26
individuals with schizophrenia and 22 individuals having bipolar affective
disorder, with that in 33 neurologically normal age matched controls. PLA2
activity was measured either fluorometrically (Gattaz et al., Biol. Psychiat. 28,
495), or radiometrically using whole bacterial membranes as substrate (Albers
et al., Pharmacopsychiat. 26, 94). When assayed fluorometrically, serum PLA2
activity in individuals with schizophrenia was significantly increased by 47%
compared with control activity (F<O.OOO1). In addition, a smaller 26% increase
was observed in subjects with bipolar affective disorder (POOl). However,
when the same serum samples were assayed for PLA2 activity using the
radiometric procedure there was no significant difference between the three
groups of subjects (one-way ANOVA; P>0.95). Furthermore, there was no
correlation between the activity as measured by each assay (r=0.073). Thus, our
data support the hypothesis that increased phospholipid turnover in schizophrenia
could be explained by accelerated phospholipid breakdown mediated by PLA2.
However, the different results obtained using the two different PLA2 assays,
indicate that PLA2 alterations in schizophrenia are probably limited to specific
PLA2 subtypes. Supported by the Ontario Mental Health Foundation.

678.13
AN ANIMAL MODEL OF THERAPEUTIC vs NONTHERAPEUTIC
SEIZURES A. Sattin*. A.E Pekarv. R.L. Llovd. Psychiatry Svc.,
Sepulveda VA, Medicine Svc., W. LA VA & UCLA, Los Angeles, 91343.
In electroconvulsive therapy (ECT, ECS ), the grand mal (GM) seizure
is necessary but not sufficient for antidepressant (AD) effect (Review:
HA Sackeim, Psychopharm Bull 30(3):281,1994). Male Wistar rats were
tested for the threshold (Thld) elevation usually seen during clinical
ECT, since endogenous TRH (which is increased by seizures) is also a
known anticonvulsant. Four groups were given sham only, Thld tests
only (x2), and two schedules of ECS. There were three daily ECS, one
group "flat" at 9.43 millicoulombs (mC) and one "ramped" at 9.43, 23.5
and 33.mC (unipolar square pulses). Thld tests done a day before were
repeated a day after the three daily ECS inlmC increments from lmC,
ending in GM seizure (about 5mC). This 5 day sequence of (corneal)
stimuli was bracketed by the forced-swim test of a D effect, then
sacrifice. Neither ECS group increased Thld. Both ECS groups reduced
swim immobility (AD effect), but the Thld only group did not, despite
two GM seizures. In all three groups experiencing seizures, TRH and
precursors fTRH-Gly) were increased in 4 limbic & cortical regions, but
these peptides were higher in the flat than either Thld or ramp which
were similar. As in humans, GM seizures at Thld levels did not show
the AD effect. The inverted U effect of current dose on limbic peptides
might be explained as follows (and see our data on AD effects of
endogenous TRH (Ann NY Acad Sci, 739:135, 1994): Thld doses of
current might induce synthesis and processing to TRH and precursors.
A supra-Thld dose (flat) might augment synthesis and release,
initiating the AD effect, while a further current increase (ramp)
enhances processing and degradation of TRH. Support: VA Rsrch. Svc.

WHOLE BODY ACUPUNCTURE ADDITIONALLY APPLIED TO A
MIANSERIN MEDICATION IN THE TREATMENT OF DEPRESSION. Ch. Wolf.
S. Besh, T. NNuert^:^, J, R6achkes, Dept. oo Psyyhiaay, UUveisky of Mainz.
Germany
Ths aim of ths study was to explore the efficacy of additionally applied
acupuncture in ths pharmacological treatment of depression with mianserin. For this
purpose ws randomly included inpatients iePsring from a major dsprsssivs episode
(DSM-III-R) into three different treatment groups: (1) vsrum acupuncture, (2)
placebo acupuncture, (3) controls. Mianserin treatment (120 mg/dis) was applied to
each of ths patients, vsrem/plassba acupuncture was applied single blind.
Psychopathology was rated by independent judges (not informed about acupuncture
sanditiani) at ths beginning of ths study and twice a week during ths treatment
period of four weeks (BRMS, CGI, GAS). Whole body acupuncture was applied
thrss times a week at 13 spscific or nonspecific point, respectively. 24 patients
experienced acupuncture treatment (groups (1) and (2)), 8 patients experienced
antidepressant monotherapy. Severity of illness was rated by 21 item Hamilton
depression scale (mean HAMD = 29 for acupuncture groups, mean HAMD = 24 for
controls). At ths end of the study patients with acupuncture experienced an average
improvement on ths GAS scale of 15 points compared to 9 points under control
condition. CGI severity score improved for 1.2 points versus 0.3 points in the
control group. BRMS scores were improved for 8 points in case of acupuncture
versus 6 points in controls. Taken together, the preliminary results of our study point
to the view that acupuncture additionally applied to antidepressant therapy might
improve ths cauris of ths disease better than pharmacological treatment alone.
However, at ths time given it is an open question whether these effects should be
considered as a placebo effect. A mors detailed analysis performed when ths study
has been finished and separating placebo and verum acupuncture conditions will
contribute to this fundamental question.

678.14
Effects of electl<h-soneulsivs shock (ECS) on serotonergic and cholinergic
responses in CA1 hippocampal pyramidal neurons of the rat.
F.A. Diicks. J.H. Couvee. A. Zonneveld and G.S.F. Ruigt*. N.V. Organon,
Neuropharmasolaga Dept., P.O.B. 20, 5340 BH Oss, The Netherlands.
ECS is an effective antidepressant (AD) treatment for severely depressed patients
and is often used when AD drug treatments have failed. The ECS-evoked changes in
the brain that are instrumental in the AD effect of this treatment have not yet been
uncovered. Serotonergic and cholinergic nsuratransmrssian are thought to be
involved in ths pathophysiology of depression and the mechanism of action of AD
drugs. Repeated ECS was demonstrated to increase in vivo postsynaptic 5-HT]a
mediated responses in rats (De Montigny, 1984). We examined ex vivo the effects of
ECS on postsynaptic 5-HT and ACh receptor-mediated responses using single
electrode current- and voltage-clamp techniques (M3 and 5-HTiA responses) in
hippocampal slices. Extracellular recordings were performed to measure the AChinduced Mi-msdiated reduction of the fEPSP. Rats received 7 convulsive shocks (80
V) every 48 hrs resulting in a total treatment time of 2 weeks. Control groups were
given either 7 iubconvulsive shocks (20 V) or only one convulsive shock (80 V). All
shocks were applied transcranirlly under light ethrane anaesthesia through
subcutaneous electrodes placed at the temples. In the intracellular experiments no
clear treatment effects were observed on resting membrane potential, cell input
resistance and RC-time. 5-HT-induced outward currents and the concomitant
decrease in cell input resistance were similar for all treatment groups. The AChinduced M3-mediated depolarization and the subsequent desensitizatian of this
response were also not affected. Extracellular experiments revealed no changes in
stimulation currents needed to elicit fEPSP’s with a 2 mV amplitude nor changes in
the potency and/or efficacy of ACh to reduce this signal. From these results we can
conclude that there is no in vitro (ex vivo) correlate of the ECS-induced increase in
the in vivo poitsynaptic response to 5-HT. Moreover, ECS does not alter Mi and M3
mediated cholinergic neuratranimissian in the hippocampus of the rat.

678.15

678.16

ALTERED LEVELS OF Gas PROTEIN AND mRNA LEVELS IN
POST-MORTEM BRAIN TISSUE IN BIPOLAR AFFECTIVE
DISORDER F. Fang. S. Lu. G. Chen. T. Hyde, J, Kleinman. W, Z. Potter, and
H. K. MMji*i Dept. of PsPchihiry and Behavivral Neueoscicnces,
S tate

CEREBRAL GLUCOSE METABOLISM IN LATE ONSET DEPRESSION
WITHOUT COGNITIVE IMPAIRMENT .M.J. Mentis*. J. Krasuski. P.
Pietrini. A Polles^ G.E. Alexander. J Szczepanik. D, Murphy. C Grady
Lab. Neurosci., Natl. Inst, on Aging, NIH, Bethesda, MD 20892.
Among depressed patients, various clinical and treatment-response
subgroups have been reported to have different cerebral functional
abnormalities. To evaluate regional glucose cerebral metabolic rates
(rCMRglc) in older subjects with first episode major depression
(MD) but without cognitive impairment, we compared 11 depressed
females (59.1 ±12 yr., Mini-mental state (MMS) 29.3±0.8, ) with
12 age- and sex-matched healthy controls (HC) (62.7±6.2 yr., 10
Female 2 Male, MMS 29.5+0.7) using high resolution positron
emission tomography (PET) with 18-fluorodeoxyglucose. MD was
diagnosed using Research Diagnositic Criteria and a Hamilton Rating
Scale for Depression score (HRSD) greater than 15 (MD group
HRSD 22.5±7, HC 0.8±1.5). All scans were performed off drugs.
“Secondary" depression was excluded and no subject had medical or
cognitive impairment. Each scan was warped into a common three
dimensional space (Talairach), then voxel-by-voxel between-group
t-tests were performed using the Statistical Parametric Mapping
(SPM) program. Compared to HC, the MD group had significantly
increased rCMRglc (p<0.01) in right medial temporal (amygdala),
lateral temporal, orbitofrontal and lateral prefrontal regions, and
decreased (p<0.01) rCMRglc in both thalamic nuclei, left > right.
Limbic and prefrontal importance in depression is supported. Late
onset of depression and lack of cognitive impairment may represent
a distinct depressive subtype reflected in the laterality and
increased rather than decreased metabolic abnormalities.

University School of Medicine, Detroit, MI 48201, Sec. Clin. Pharmacol, and
Clinical Brain Disorders Branch, NIMH, NIH, Bethesda, MD 20892.
Bipolar Affective disorder (BD) is a common, severe, chronic and lifethreatening disease. Despite a well established genetic diathesis and extensive
research, the biochemical abnormalities underlying the pathophysiology of BD
remain unknown. In recent years, studies from independent laboratories have
demonstrated elevations in the levels of Gas in platelets and leukocytes from BD
patients, effects which are independent of treatment or mood state. It remains
unclear if these are simply peripheral cell abnormalities, or are also observed in the
human CNS. Ws have therefore undertaken a study of Gas protein and mRNA
levels in postmortem brain tissue from a group of BD patients, a group of nonBD subjects who committed suicide, and age- and sex-matched controls. Using
selective antibodies, ws have found a significant elevation in the levels of both
ths long (BD: 1649+289; CON: 13211347) and short (BD: 13941481; CON:
9971266) form of Gas in the occipital cortex, but not ths frontal cortex. We have
also used an RNase protection assay (with a 351 bp fragment of Gas cDNA as a
template) to quantitate the levels of Gas mRNA levels. 20 pg of total RNA were
hybridized with 1.2 x 104 cpm of Gas libaprobe and standardized to hybridization
with 3 x 10^ cpm of P-actin riboprobe. We did not observe any differences in the
levels of Gas mRNA levels in the frontal cortex, but observed near-significant
decreases in the levels of Gas (normalized to P-actin) in ths occipital cortices of
BD subjects (.521.31) compared to either control subjects (.821.28; p=.06) or
suicide (.841.23; p=.05) subjects. These findings add to ths growing body of
evidence implicating complex alterations of the signal transducing G proteins in
the pathophysiology of BD, and as targets for therapeutic interventions.
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A RAT MODEL FOR MANIA: LITHIUM PREVENTS
OUABAIN-INDUCED PERSISTENT HYPERACTIVITY.

R.Li*. G.Bao. R.S.Levv and R.S.EI-Mallakh. Department of
Psychiatry and Behavioral Sciences, and Department of Medicine,
University of Louisville School of Medicine, Louisville, KY 40292.
We have previously shown that a single dose of intraventrically
(ICV) administrated ouabain alters rat locomotor activity (doserelated increase or decrease). In our ongoing efforts to properly
model mania, we have recently investigated the effect of chronic ICV
administration of ouabain on animal locomotor activity and the action
of lithium on these ouabain-induced behavioral changes. Rats were
implanted with the ALZET osmotic mini pump filled with ouabain
(1 0"3M) or artificial cerebrospinal fluid (aCSF) at day 0. Pump
continuously delivered ouabain or aCSF into left cerebral ventricle
for 2-3 weeks. Lithium (2.5mEq/kg/day) or vehicle injections
were initiated either one week before or one week after ouabain pump
implantation and continued for 4 or 3 weeks, respectively. Locomotor
activities of animal were tested by an activity monitor at days 0, 7,
14, 21, 28 and 35. Our results indicate that chronic ICV ouabain
infusion induced a significant increase in horizontal activity, total
distance, and number of movements (P<0.05). This hyperactivity
persisted for the entire period of ouabain administration. Lithium
pre-treatment prevented ouabain-induced hyperactivity, and lithium
post-treatment (one week after ouabain administration) eliminated the hyperactivity but not significantly different from control animals.
Our study suggests that a dysfunction of sodium, potassium ATPase
may be an important mechanism for manic disorder.

678.18
EFFECTS OF OUABAIN ON TRANSMEMBRANE POTENTIAL
OF LYMPHOBLASTS FROM MANIC-DEPRESSIVE AND
NORMAL INDIVIDUALS
Lisa Fqx , RiL S, El-Mallakh*. Christopher A, Worth, Rena Li,

Stephen C. Peiper.. Depts of Psychiatry and Pathology, Univ.
of Louisville School of Medicine, Louisville, KY 40292
We have previously noted that lymphocyte
transmembrane potential (TMP) is hoperpylarized during mania
compared with both euthymic (normal state) bipolars, and
normal controls. Since the sodium pump, which is important in
determining TMP, has been reported to have decreased activity
in manic bipolar subjects, we investigated the effect of acute (3
hr) and chronic (4d) ouabain treatment on TMP of lymphoblasts
derived from bipolar individuals (n=5) and normal controls
(n=5). Relative TMP was quantified utilizing a flow cytometer
and argon laser excitation of the cationic dye D10C(6), before
and after depolarization with gramicidin.
Ouabain
concentrations of greater than 10-7 M caused severe cellular
disruption in all cell lines. In patient and normal cell lines,
respectively, TMP was reduced by 8.7% and 6.1% after 3 hr at
10-8 M ouabain, (ns); and by 14.58% and 14.66% after 4 days
(ns). The data suggest cell lines from bipolar patients do not
differ from normals in their response to ouabain, and sodium
pump inhibition is not likely to be involved in producing the
lymphocyte hyperpolarization seen in manic bipolar patients.

678.19

678.20

BIOCHEMICAL STUDIES OF YM-35992:
A NOVEL SELECTIVE
SEROTONIN RE-UPTAKE INHIBITOR.
T.Yamaauchi*. K.Hatanaka.
T.Nomura. H.Takeuchi. M.Fujii. S.Yatsuai. Yamanouchi Institute for Drug
Discovery Research, 21 Miyukigaoka, Tsukuba 305 Japan.

THYROID AUTOANTIBODIES IN PATIENTS WITH MOOD AND ANXIETY
DISORDERS D.L. Musselman. M.R. Porter. P.T. Ninan. B.T. Knight. R.W. Bonsall,
M.S. Emery. Z.N. Stowe. E.J. Hauenstein, K.R.R. Krishnan, J.R. Davidson, and C.B.
Nemeroff*. Dept. Psychiat. & Behav. Sci., Emory Univ. Sch. Med., Atlanta, GA
30322.
Previous studies indicate relatively high prevalence rates of anti-thyroid antibodies
in depressed patients compared to normal controls. These studies measured titers
of these antibodies using generally out-dated, indirect measures, e.g. red blood cell
hemagglutination assays. The present study used sensitive methods to quantify the
concentrations of anti-thyroglobulin (anti-TG) and antithyroid peroxidase (anti-TPO)
microsomal thyroid antibodies in patients with anxiety, depressive, mixed
anxiety/depression, post-partum mood disorders, and normal controls. Medically
healthy individuals (n=178), without any known history of thyroid disease were
studied. Patients with anxiety disorders (n=29), depressive disorders (n=43),
comorbid depressive and anxiety disorders (n=22), post-partum depression (n=36),

YM-35992,(-)-(S)-2-[[(7-fluoro-n-indanyl)oxy]eththy(]morpholine mono-

hydrochloride, has dual mode of action, selective 5-HT re-uptake inhibition
(SSRI) with 5-HT2 antagonistic activity in vitro and in vivo. Recent microdialysis studies on SSRIs demonstrated that chronic administration with
SSRIs increases extracellular 5-HT concentration in the rat frontal cortex but
not single administration of those. In the present study, we examined the
effect of YM-35992 on 5-HT release in the rat frontal cortex using
microdialysis technique comparing with representative SSRI, citalopram.
Single treatment with YM-35992 markedly increased the extracellular 5-HT
concentration in the rat frontal cortex. YM-35992 at a dose of 30 mg/kg(i.p.)
gave more than 6-fold increase in the 5-HT level, while the increase induced
by 10 mg/kg (l.p.) of citalopram which corresponds to 30 mg/kg of YM-35992
in terms of in vivo uptake-inhibiting activity was less than 3-fold. The result
suggests the early onset of action of YM-35992 clinically. We also examined
the changes in 5-HTia receptors in the hippocampus after long-term
treatment with YM-35992 and amitriptyline, a representative tricyclic
antidepressant(TCA). Repeated treatment with YM-35992 for 14 days
produced significant increase in pHJJ-OH-DPAT binding in the hippocampus.
This result indicates that YM-35992, similar to TCAs, could produce 5-HTia
supersensitivity in the rat hippocampus. Although further investigations should
be needed, these effects of YM-35992 suggests its potent clinical efficacy.

and post-partum women without a psychiatric diagnosis (n=14) were compared to
a normal population (n=36) who had no past or present psychiatric disorders. Serum
concentrations of T3, T<, and TSH were measured by standard techniques; anti-TG
and anti-TPO antibodies were determined using the Nichols Autoantibodies
Chemiluminescence Assay.
The prevalence of anti-TPO antibodies was greater in women with major
depression, anxiety disorder, or comorbid depression and anxiety compared to a
normal control population; this finding was particularly striking in women under 40
with comorbid depressive and anxiety disorders. No differences between depressed
and non-depressed post-partum patients were detected. Serum TSH concentrations
in patients with mood and anxiety disorders were significantly correlated with serum
concentrations of anti-TG and anti-TPO. Further studies of HPT axis function in
psychiatric patients are warranted. (Supported by NIMH MH-51761.)

NEUROTOXINS III

679.1

INTERACTION OF TWO POLYANIONIC DRUGS (SURAMIN AND
PENTOSAN POLYSULFATE) WITH NGF RECEPTORS ON
DORSAL ROOT GANGLION NEURONS. C. P. Schumacher*J. S. Gill
and A. J. Windebank. Molecular Neuroscience Program, Mayo Foundation,
Rochester, MN 55905.
Pentosan polysulfate (PPS), a polyanionic mucopolysaccharide, has
been shown to exert inhibitory effects on HIV-1 replication and inhibit
paracrine activity of heparin-binding growth factors secreted by a variety of
malignant cell lines. Suramin, another polysulfated chemotherapeutic agent
has teen extensively studied in our lab as a neurotoxic agent. In this study,
PPS (100 fig/ml) was found to induce significant cell death in PC 12 cells by
48 hours (84% cell viability), but not to the extent that suramin (600 pM)
caused cell death (56% cell viability). Of the viable PC 12 cells exposed to
PPS, we observed limited neurite outgrowth as compared to cells exposed to
NGF (10 ng/ml) or suramin (300 pM). Western blot analysis revealed
tyrosine phosphorylation of the TrkA receptor (gp 140) in cells exposed to
PPS for 10 minutes and 1 hour. The level of phosphorylation was less than
that induced by NGF or suramin. In DRG explants, p Ps was also found to
cause an inhibition of neurite outgrowth in a dose-dependent manner. The
level of inhibition was similar to that in suramin treated DRG.
Ultrastructural studies were performed on DRG exposed to suramin or PPS
for 2, 4 and 6 days. Lamellar inclusion bodies (IB) were consistently
observed in suramin treated, but not PPS treated, DRG.
Conclusion. PPS mimics the effect of suramin at the NGF receptor; at
low concentrations, it is an agonist and, at higher concentrations, a
competitive antagonist. PPS does not, however, cause accumulation of IB
which is, therefore, independent of the receptor effects. PPS will be useful
in dissecting out suramin's chemotherapeutic activity from its neurotoxic
action on d Rg (supported by NS 29769).
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679.2
FACTORS WHICH MAY HELP EXPLAIN THE AGE-RELATED
SENSITIVITY OF RATS TO THE INSECTICIDE CHLORPYRIFOS.
R. Mortensen. M. I. Hooper, and S. Padilla*. Health Effects Res. Lab.,
Neurotox. Div., US EPA, R.T.P., NC 27711.
Young animals exhibit an increased susceptibility to the lethal
effects of cholinesterase (ChE)-inhibiting insecticides including
chlorpyrifos (CPF), although the mechanism(s) for such sensitivity is
unknown. Since previous studies in our laboratory indicate that young
rat brain acetylcholinesterase (AChE) is not intrinsically more
sensitive to CPFoxon (active metabolite), we decided to characterize
the blood ChEs of young (PND 4, n > 3) and adult (>90 day, n > 3) male
Long Evans rats. Total plasma ChE activity from untreated animals
was 60% AChE/40% BChE in PND 4 plasma and 50% AChE/50%
BChE for adult plasma. IC^s (30 min at 26°C) were defined
concomitantly for PND 4 and adult plasma AChE using CPFoxon.
Plasma IC^s showed age-related differences: PND 4 = 5.5 nM and
adult = 44 nM. (The brain ICMs were virtually identical [4.9 nM] a t
both ages.) IC^ values may be overestimated when Ca++-dependent
hydrolases are not taken into consideration. Therefore, IC^s were also
determined in die presence of 1 mM EGTA showing a reduced, but still
significant, age-related sensitivity to CPFoxon: PND 4 = 4.4 nM and
adult = 12.7 nM. In summary, the AChE of young and adult brain are
similar regarding their in vitro sensitivity to CPFoxon. There is,
however, a significant age-related difference (with and without
EGTA) in the sensitivity of plasma AChE to CPFoxon, which
partially explains the increased sensitivity of young animals to the
anticholinesterase insecticide chlorpyrifos.
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THE S7PBCTS 07 IBOGAINE ON CLINICAL PATHOLOGY,
NEUROPATHOLOGY AND NERVE CONDUCTION VELOCITY IN RABBITS.
G.J. Schaefer*, R.G. York, C.D. King, S.M. Hiller, L.J.
Beuvlng, W.7. Jackson, J.M. Huebner, and J.B. Terrill,
International Research and Development Corporation,
Mattawan, MI 49071, Western Michigan Univ., Kalamazoo, MI
49008 and the National Institute on Drug Abuse,
Rockville, MD 20857.
Ibogaine, a drug proposed for the treatment of opiate
and psychomotor stimulant abuse in humans, is reported to
cause degeneration of cerebellar Purkinje cells in
animals. To determine if the drug is peripherally
neurotoxic, adult male New Zealand White rabbits
(n«12/dose group) were administered vehicle control, 30,
60 or 100 mg/kg ibogaine i.p. as a single dose. Two
animals in the 100 mg/kg group died within one day.
Observations included clinical pathology, and histopathology and neuropathology of the sciatic nerve. None of
the hematological or clinical biochemical values showed
statistically significant changes from vehicle control.
In addition, in the nerve conduction studies, neither the
average conduction velocity nor the area under the curve,
showed an ibogaine-treatment effect.
There were no
neuropathologic lesions seen under light microscopy that
were considered to be related to ibogaine.
In this
study, doses of ibogaine that were acutely toxic did not
produce pathology or peripheral neurotoxicity.
Supported by NIDA Contract No. NO1DA-2-93O7.
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EFFECTS OF FUMONISIN B1 ON BLOOD-BRAIN SPHINGANINE
TURNOVER AND FBI TOXICOKINETICS IN THE DEVELOPING RAT. £L
S. Kwon and W. Slikker. Jr*. Dept. of Pharm./Toxicol., Univ. of Arkansas
for Medical Sciences, Little Rock, AR and Div. of Neurotoxicol., National
Center for Toxicological Research, FDA, Jefferson, AR.
Fumonisins are toxic metabolites that are produced by Fusarium
moniliforme in corn. Fumonisin B1 (FBI) has been reported to increase
sphinganine (Sa) in kidney, liver and serum from rodents and other
mammals. Our previous results showed that FBI increases Sa levels in
the brain and spinal cord and reduces myelin deposition in rat forebrain.
Increase of Sa in blood may produce a pool of Sa available for transport
to the brain. The objective of this experiment was to elucidate whether
blood Sa has effects on the brain Sa turnover. FBI and Sa levels both in
brain and plasma were measured by HPLC from postnatal day(PND) 12
rats treated with a single dose of FBI (sc, 0.8 mg/kg or 8 mg/kg). Area
under the curve (AUC, 0 to 24 hr) of Sa levels was remarkably higher in
forebrain (124.1 nmol/g.hr) than in plasma (3.1 nmol/ml.hr) after 8 mg/kg
FBI. AUC ratios of brain to plasma Sa concentration curves following
acute administration were 37.2 at 0.8 mg/kg FB1 and 39.7 at 8 mg/kg
FB1. The AUC ratio of brain to plasma FB1 was 0.03. Observations from
plasma FB1 disappearance curves over a 12 hr period indicated that the
plasma half life of FB1 in PND 12 rats is 1.2 to 1.7 hr, and the volume of
distribution is about 0.2 l/kg. These data indicate that even low
bioavailability of FB1 in the brain is sufficient to produce the striking
increase of Sa levels in the brain. These data also suggest that elevations
of brain Sa levels are related to direct action of FB1 on the brain rather
than the transfer of blood Sa into the brain.

679.6

679.5
INTERLEUKIN-1 AND TUMOR NECROSIS FACTOR-a SYNERGISTICALLY
MEDIATE NEUROTOXICITY VIA NO AND NMDA RECEPTORS. S. Hu*. L.
Erlich, P. K. Peterson and C. C. Chao. Minneapolis Medical Research Foundation
and the University of Minnesota Medical School, Minneapolis, MN 55404
The pro-inflammatory cytokines interleukin (IL)-1 and tumor necrosis factor
(TNF)--1, produced by glial cells within the brain, play a pathogenetic role in several
neurodegenerative diseases; however, little is known about the mechanisms
underlying cytokine-mediated neurotoxicity. Using human fetal neuronal cell cultures,
we investigated the injurious effect of these cytokines. Although neither cytokine
alone was toxic, IL-13 (1 ng/ml) and TNF-a (20 ng/ml) in combination for 7 days
caused marked (P<0.01) neuronal injury, as assessed by increasd release (180% over
control) of lactate dehydrogenase (LDH), a marker of neuronal loss. In the presence of
TNF-a (20 ng/ml), 1 ng/ml of IL-lf) caused maximal neuronal death. The ED50 of
Hl 1P was approximately 300 pg/ml in TNF-a-treated neuronal cell cultures. The
neurotoxic effect of these two cytokines was synergistic, and antibodies (10 pg/ml) to
EL-ip, TNF-a or IL-la blocked 94%, 97% and 9% of LDH release, respectively.
Blockade of nitric oxide (NO) production with the NO synthase inhibitor was
accompanied by marked (P<0.01) reduction (about 45%) of cytokine-mediated
neuronal injury, suggesting that NO is partly involved in mediating cytokine-induced
neurotoxicity. Addition of the N-methyl-D-aspartate (NMDA) receptor antagonists to
neuronal cell cultures blocked (P<0.01) cytokine-mediated neurotoxicity by >55%,
suggesting the involvement of NMDA receptors. Also, treatment of neuronal cell
cultures with IL-10 plus TNF-a inhibited (P<0.01) the high-affinity ^H-glutamate
uptake and astrocyte glutamine synthetase activity, two major pathways involved in
protection against NMDA receptor-mediated neurotoxicity. These in vitro findings
may lead to development of new therapeutic strategies for neuronal damage in
cytokine-mediatedneurodegenerativediseases.

MODULATION OF SEROTONIN-INDUCED CURRENTS BY
METALS IN MOUSE NEUROBLASTOMA CELLS. M. Uki* and
T. Naraiha^lhi. Dept. of Mol. PParmacol. and Biol. Chem.,
Northwestern Univ. Med. Sch., Chicago, IL 60611.
The effects of several metals on the serotonin receptorchannel complex were studied using mouse neuroblastoma
N1E-115 cells which are known to be endowed with the 5HT3 subclass of the receptor. The whole-cell patch clamp
technique was used to record currents induced by serotonin
at a concentration of 3 pM which was equivalent to the
apparent dissociation constant. Methylmercury and mercuric
chloride suppressed serotonin-induced currents irreversibly
with IC5()s of 3 pM and 2 pM, respectively. Lead and zinc
suppressed the current with IC50s of 80 pM and 50 pM,
respectively, and the effects of both metals were reversible
after washing with metal-free solution. Lanthanum also
suppressed the current with an IC50 of 10 pM, and the effect
was partially reversible. Cadmium and cobalt augmented
serotonin-induced currents slightly but consistently at a
concentration of 100pM, and the effect was reversible.
Aluminum at 100pM had no effect on serotonin-induced
currents. It was concluded that the 5-HT3 receptor is
endowed with a unique property with respect to the actions
of metals which is not shared by some other ligand-gated
and voltage-gated ion channels.
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BILIRUBIN INDUCES APOPTOSIS OF CEREBELLAR NEURONS VIA
ACTIVATION OF NF-Kb. G.-M, Yan1*2* s.-Z. Lin1 J , Gu.

NEUROHISTOLOGICAL AND NEUROBEHAVIORAL ASSESSMENT OF THE
ANTI-HIV THERAPEUTIC 2•,3’-elDEOXYlaOSINE (DDI) IN RATS. UL

Toxicol., Sch. of Med., IUPUI, Indianapolis, IN 46202;
2Lilly Res. Labs, Eli Lilly & Company, Indianapolis, IN
46285
Bilirubin, a degradation product of protoporphyrins
derived from hemoglobin, is a well known neurotoxin.
Howev^e^, neither the cellular nor molecular mechanisms
underlying bilirubin-induced neurotoxicity are known. We
now report that low concentrations of bilirubin are toxic
to cultured rat cerebellar neurons. By contrast, cultured
fetal rat cortical or hippocampal neurons are relatively
insensitive to bilirubin toxicity. Moreover, bilirubininduced toxicity of cerebellar neurons is associated with
the biochemical and morphological features of apoptosis.
Bilirubin-induced apoptosis is blocked by RNA and protein
synthesis inhibitors,
suggesting
a gene-directed
mechanism. Using gel shift (EMSA) analysis we found that
bilirubin activates the transcription factor NF-KB in a
concentration- and time-dependent manner in both intact
cultured cerebellar granule neurons and cell-free
extracts. Moreover, TPCK and TLCK, specific inhibitors of
NF-KB,
block both bilirubin-induced apoptosis of
cerebellar granule neurons and bilirubin-induced NF-KB
activation.
These data strongly suggest that activation
of NF-KB is the initial intracellular event mediating
bilirubin-induced apoptosis of cerebellar neurons. NF-KB
may play a more general role in neuronal apoptosis as
well.

W. SISIke^r, .Jr. DiDisksn nf Nwrotoxiccco^og NationalCentnrfor Toxicological
Research/FDA, Jefferson, AR 72079-9502.
The anti-HIV tatrapeotic dideocyinoside (ddl) has been reported to produce
a painful, dose-limiting peripheral neuropathy in HIV-infected patients after
chronic administration. However, distinguishing this toxicity from the disease
itself is complicated. TatrtfortJ the nature of this peripheral neuropathy was
examined in a non-HIV infected animal model. Rats (N = 9/group) were
gavaged with vehicle (VEH), 41.5 or 415 mg/kg ddl, or 41.5 mg/kg isoniazid
(INH; as a positive control) twice daily for 20 weeks. Plasma ddl levels
peaked by 30 min and were constant over the first 1.5 hr after
administration, averaging (±SD) 1.05 ± 0.41 and 3.97 ± 2.57 pg/ml for the
low and high dose, respectively. Average INH plasma concentrations during
the same time period were 9.85 ± 7.21 pg/ml. Schedule-controlled operant
behaviors, motor assessments, nerve conduction velocities and pathologies
were examined. Mortality was dose and drug dependent: high ddl (44%) >
INH (33%) > low ddl (0%) = VEH (0%). Ataxia and seizure activity were
first noted in the INH group after 11 weeks of dosing. In rats treated with
INH, myelin splitting, whorls, extracellular debris, mast cells, and reduced
axonal number were observed in sciatic nerve sections. These findings were
consistent with the behavioral manifestations of peripheral neuropathy. After
chronic ddl administration, tatrt were no nerve conduction or behavioral
alterations, but histological analysis revealed myelin splitting and intiamyelin
edema. Thus, rats chronically dosed with ddl exhibited peripheral dttvt
myelinopathy, even in the absence of HIV infection, (supported by NIEHS
IAG #Y01-ES-10187)
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LACK OF PROTECTIVE EFFECTS OF SIGMA LIGANDS ON THE
INDUCTION OF HEAT SHOCK PROTEIN HSP-70 IN RAT
CEREBROCORTICAL NEURONS BY DIZOCILPINE. K.Hashimoto*.
S.Tomitaka. N.Narita. Y.Minabe. M.lvo and S.Fukui. Natl. Inst. Neurosci.,
NCNP, Tokyo 1 87 and NIMH, NCNP, Chiba 272, Japan.
The non-competitive NMDA receptor antagonists such as MK-801
(dizocilpine) and phencyclidine injure a discrete populations neurons
in the posterior cingulate and retrosplenial cortex of rat brain. These
drugs produce vacuolization and necrosis in these neurons. Sharp et al.
(1992) have reported that these drugs induce production of heat shock
protein HSP-70, and that antipsychotic drug haloperidol and sigma
agent rimcazole protect the induction of HSP-70 protein by dizocilpine
and phencyclidine, suggesting a role of sigma receptors in the
expression of HSP-70 protein by NMDA antagonists. We studied the
role of sigma receptors on the induction of HSP-70 protein by
dizocilpine. Dizocilpine (1 mg/kg, i.p.) was injected into female SD
rats. The immunocytochemistry of HSP-70 was studied 24 hr after
administration of dizocilpine. Sigma ligands such as 4-PPBP (3
mg/kg) and NE-100 (3 mg/kg) were administered 15 min before
injection of dizocilpine. The treatment with dizocilpine produced the
induction of heat shock protein HSP-70 in the posterior cingulate and
retrosplenial cortex of rat brain. However, the pretreatment with 4PPBP and NE-100 could not attenuate the induction of HSP-70 protein
by dizocilpine. Thus, it is unlikely that sigma receptors may play a role
in the induction of heat shock protein HSP-70 by NMDA receptor
antagonists.

679.10
NEURONAL CULTURE MODEL OF CENTRAL NERVOUS SYSTEM
OXYGEN TOXICITY. H. T. Whelan ». D. M. Bajic. and E. P. Kindwall.

Neurology and Hyperbaric Medicine, Medical College of Wisconsin,
Milwaukee, WI 53226, & NAVMARCORESCEN, Milwaukee, WI 53207.
Hypothesis: Plasma membranes are important in the transport
processes of neurotransmitters regulating neuronal excitability during
seizures caused by hyperbaric oxygen (HBO). The CNS becomes
irreparably damaged if HBO is continued. These neurochemical effects
may be preventable using the 21-aminosteroid U74389G, which
reportedly has an effect of inhibiting neuronal membrane lipid
peroxidation. Diazepam binding reflects neuronal cell membrane
integrity. Peroxidation of the cell surface membrane should alter
diazepam binding. Method: To assess neuronal membrane changes due to
HBO, neuron cultures were subjected to 100% oxygen at 1.5 ATA. Control
cultures were compared to those pretreated with 21-aminosteroid.
Diazepam binding was used as a marker of surface membrane integrity.
Fetal mouse neurons at 3.5 x 106 cells/ml were treated with clonozepam
and 3H-d iazepam. The clonazepam-displaceable (neuron-specific)
diazepam binding was assessed by scintillation counting, according to
published methods. Results: Neurons subjected to HBO or to 21aminosteroid alone developed 30% inhibition of diazepam binding,
reflecting surface membrane dysfunction in this model. Neuronal surface

membrane integrity (clonazepam-displaceable diazepam binding) was
completely protected from HBO by pretreatment with 21-aminosteroid.
The reason for lack of diazepam binding when 21-aminosteroid is given
alone is not understood. This neuron culture model may be useful for
testing pharmacologic means of protecting surface membranes in
conditions of hyperbaric oxygen toxicity.

679.11

679.12

DOMOIC ACID: ASTROCYTIC, NEURODEGENERATIVE AND
BEHAVIORAL RESPONSES. A.C. Scallef. L.C. Schmued.
R.L. Rountree. J.N. Johannessen1, and T.J. Sobotka1.
NCTR/FDA, Jefferson, AR and 1CFSAN/FDA, Laurel, MD.
Four groups of 6 adult male rats were treated i.p. with
domoic acid (0, 0.22, 0.66, or 1.33 mg/kg). Eight days later,
after behavioral testing, rats were perfused. Hippocampal
sections were stained for neurodegeneration and for glial
fibrillary acidic protein (GFA). Only a subset (2/6) of the highdose group had extensive damage, mainly in CA1. GFApositive astrocytes in CA1 were larger in high dose rats than
controls (107 ± 26 vs. 53 ± 7 sq microns, p < 0.05, mean
± SEM of 6 cells per rat). The 2 rats with CA1 damage also
had the most enlarged astrocytes. These same two rats were
the most hypophagic after dosing, were poor at passive
avoidance performance, and exhibited exaggerated startle
responses, suggesting the presence of a behavioral
hyperreactivity syndrome. There was a smaller, but still doserelated increase in astrocyte size even at domoic acid levels
not causing neurodegeneration, "reactive" gliosis, or
behavioral effects. Our data indicate correlations between
neurohistological and neurobehavioral biomarkers of domoic
acid exposure, and emphasize the potential importance of
astrocytic response to low-dose exposure.

APOPTOTIC CELL DEATH INDUCED
BY
THE
NEUROTOXIN
ETHYLCHOLINE AZIRIDNIUM (AF64A) IN VITRO AND IN VIVO.
H.Hdrtnagl*. WRinner. C.Pifl and H.Lassmann. Institute of Biochem. Pharmacology and Institute of Neurology, Univ. Vienna, A-1090 Vienna, Austria.
Increasing evidence indicates the significance of programmed cell death for
neurodegenerative diseases. Various neurotoxins induce neuronal cell death by
induction of apoptosis, at least in vitro. In this study we focussed on the mechanisms
of cell death induced by the neurotoxin ethylcholine aziridinium (AF64A) in vitro
and in vivo. The in vitro effect was compared with that of the aziridinium
derivative of N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine (DSP4). For the in
vivo study male Sprague Dawley rats (400-500g) received stereotaxical infusion of 1
or 2 nmol AF64A into the left and the corresponding vehicle into the right lateral
ventricle. Rats were perfused under deep chloral hydrate anesthesia with 4%
paraform-aldehyde 1, 2, 3 and 7 days after AF64A application. Apoptotic features
including nuclear chromatin condensation and DNA fragmentation as revealed by
in situ nick translation was observed' in various parts of the hippocampus, adjacent
parietal cortex and septum, with a maximum after 2 to 3 days. Both neuronal and
glial cells were affected. For in vitro evaluation human neuroblastoma cells SK-NMC and human embryonic kidney cells 293 were used. A dose- and timedependent increase in the number of apoptotic cells resulted from the exposure to
AF64A (50 and lOOnM) or DSP4 (10 - 100 nM) in the medium. Apoptotic changes
started after 8 h of exposure and reached a maximum between 15 and 24 h. In
addition to light microscopic observations the characteristic features of apoptotic
cell death were identified by electron microscopy. Apoptosis was suppressed by
inhibition of endonuclease by Zn (800pM) and by die free radical scavenger Tempol

(2mM). The data indicate that apoptosis contributes to the neurodegeneration
induced by neurotoxins containing an aziridinium moiety and support their use in
models for neurodegenerative diseases.

679.13
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THE LOCALIZATION OF 3-NITROPROPIONIC ACID (3-NPA)
INDUCED NEURONAL DEGENERATION IN ADULT RATS.
Z. Binienda*. R.L. Rountree. L.C. Schmued and A.C. Scallet.
NCTR/FDA, Jefferson, AR 72079-9502.
The localization of neuronal degeneration following chronic
treatment with the mitochondrial energy metabolism inhibitor
3-NPA was determined in adult male Sprague-Dawley rats
using -a silver degeneration method (Nadler-Evenson) and a
novel fluorescent technique.
Rats were injected
intraperitoneally with escalating doses of 3-NPA (5 mg/kg/day
to a maximum 30 mg/kg/day; Monday-Friday). Rats were
perfused under deep pentobarbital sodium anesthesia with 4%
formaldehyde in phosphate buffer (0.1 M, pH 7.4). Coronal
sections were stained using silver impregnation technique
specific for degenerating axons, terminals and neurons.
Although some variability in the distribution of lesions was
observed, areas most frequently damaged included neurons of
the cingulate and insular cortex, patches of CA1 hippocampal
pyramidal neurons, a considerable extent of the axons within
the ventral thalamus, a variable portion of the caudate nucleus
and neurons of the deep nuclei of the cerebellum. We
hypothesize that the pattern of neurodegeneration produced
by 3-NPA in the forebrain and the cerebellum relates to a
selective sensitivity to energy depletion of these regions.

COMPARISON OF VESTIBULAR DYSFUNCTION AND PERIPHERAL
NEUROPATHY FOLLOWING SUBCHRONIC DRINKING WATER
EXPOSURE TO 3,3'-IMINODIPROPIONITRILE (IDPN) IN THE RAT.
J.LIorens. K.M.Crofton*1 and E,Rodriauez-Farr6. Dept. Pharmacol.
Toxicol., CSIC, 08034 Barcelona, Spain and 1Neurotoxicology Division,
US EPA, Research Triangle Park, NC 27711, USA.
IDPN induces neurofilament (NF)-filled swellings in the proximal
region of large caliber axons, and degeneration of vestibular sensory
hair cells which causes a syndrome of abnormal behavior. Following
acute exposure, vestibular toxicity appears at doses lower than those
required to induce overt neuropathic effects. The present study
compares vestibular and peripheral nerve effects of IDPN following
subchronic exposure. Adult Long-Evans rats were exposed to 0,
0.025, 0.05, 0.1 or 0.2 % IDPN in the drinking water for 13-15 weeks.
Exposure was discontinued after 7 weeks in a group receiving 0.4 %
IDPN due to marked body weight loss. Motor activity was assessed
at 0, 1, 3, 6, 9 and 12 weeks of exposure, and vestibular function at
0, 1,2, 4, 6, 9, and 12 weeks. The vestibular system and the dorsal
root ganglia (DRG) were assessed for pathological changes at the end
of the exposure. Effects on body weight, motor activity, vestibular
function and vestibular morphology were observed after 0.2 and 0.4
% IDPN. Axonopathic effects in the DRG were obvious after 0.2 %.
Thus, during subchronic exposure to IDPN, proximal axonopathies do
not require larger dosages than vestibular toxicity, in contrast to acute
exposure.
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CYTOKINES AND DELIRIUM: AN EXPLORATORY STUDY. J. R . Mach.
D .T. Weldon. N . I. . Opstarf fc .M. Bettin. and J.A. Mortimer* . Geriatric Research
Education Clinical Center (GRECC) (11G), VA Medical Center, Minneapolis, MN
55417
Delirium occurs in 20-30% of older inpatients and is associated with a mortality
rate nearly twice that of controls. Despite its clinical significance, the
pathophysiology of delirium is virtually unknown. Delirium consists of
behavioral and cognitive symptoms caused by a variety of conditions that are not
primary CNS diseases. Cytokines have been found to mediate many disease-brain
interactions, such as eating disorders, stress reactions, cancer, and infections. To
date, the rote of cytokines in delirium has not been studied. This study examined
the relationship between delirium and serum levels of selected ‘pro-inflammatory”
cytokines IL-la, IL-lp, IL-2, IL-6, and TNF-a.
Twelve delirious patients were recruited from the inpatient wards at the
Minneapolis VA Medical Center. Subjects met diagnostic criteria for delirium
using the CAM and were age 55 or older. Patients with pre-existing dementia were
excluded. Eight nondelirious inpatient controls, each matched for age and illness
severity to a delirious subject, were enrolled for comparison. Serum cytokine
assays were performed using ELISA kits from R A D Systems. Wilcoxon
matched-pairs signed-ranks test for non-parametric distributions was used to analyze
the two sets of serum cytokine data. IL-6 serum levels (pg/ml) declined
significantly in the delirious group as clinical symptoms improved (mean ± SE *
40.75 ± 12.24 vs. 20.25 ± 7.99, respectively, p < 0.05). Furthermore, IL-6 was
significantly elevated in the delirious group compared to matched controls (49.47 ±
12.36 vs. 16.25 ± 5.16, respectively, p < 0.02). Serum levels of IL-la, IL-1{J,
IL-2, and TNF--a were below detection limits in delirious subjects and controls.
These results suggest that IL-6 may play a role in delirium pathophysiology.
Supported by a grant from the Department of Veteran Affairs.

679.17

679.18
SELECTIVE KILLING OF CHOLINERGIC NEURONS BY
MICROGLIAL ACTIVATION IN CELL CULTURE
M.K, McMiilian*. L.-Y. Kong. K.P. Das. S. Mullis Sawin. B.C,
Wilson P.M, Hudson, J.-S, Hong, and G,Bi.ng
LEN/ NIEHS/ NIH, RTP, NC 27709
Inflammation may be important in the etiology of Alzheimer's
disease and cholinergic neurons are lost early in the course of this
disease. We previously showed that dopaminergic neurons in
mixed mesencephalic cultures are selectively killed by activation
of microglia by lipopoly-saccharide (LPS) and that production of
nitric .oxide (NO) is critical for neurotoxicity. LPS (10 pg/ml)
treatment (2 days) also killed most choline acetyltransferasepositive (Chat+) neurons (50-80%) in fetal rat basal forebrain
cultured on hippocampal glia; unstained neurons were spared.
Inducible NO synthase was visible in microglia and the levels of
nitrite (the NO metabolite) were increased 2 days after LPS
addition. The NO synthase inhibitor NAME (0.5 mM) protected
the Chat+ neurons.
The opiate morphine and the antiinflammatory steroid dexamethasone inhibited LPS-induced NO
formation in these cultures, and may have cholinergic
neuroprotective effects. (5-amyloid, the HIV protein GP120 and
y-interferon all increased NO, and microglial activation may
explain their cholinergic neurotoxicities.

NEUROTOXICITY OF SERUM FROM PATIENTS WITH INSULIN-DEPENDENT
DIABETES (IDDM) IS ASSOCIATED WITH INCREASED TRK-A EXPRESSION AND
IS PARTIALLY REVERSED BY NGF. Gary L. Pittenger. Dong Liu. Pauline G.
Newlon*. Aaron I. Vinik. Depts. of Internal Medicine, Surgery and Anatomy &
Neurobiology, Eastern Virginia Medical School, Norfolk, VA 23510
We have previously demonstrated that immunoglobulins (Ig) from serum of
IDDM patients with neuropathy are toxic to the clonal adrenergic N1E-115
neuroblastoma cell (NB), suggesting that autoimmunity contributes to
diabetic neuropathy. In experimental autoimmune neuropathy, nerve growth
factor (NGF) has been shown to be protective. In these studies, we tested
whether NGF might protect NB from the neurotoxic effects of IDDM serum.
After plating equally into 35 mm2 dishes, NB were exposed to 10% of either
control subject (n=6) or IDDM patient serum (n=6) and, separately, to the sera
plus increasing concentrations of NGF from 100 ng/ml to 2 ng/ml. After 72 h
the cultures were lifted from the dishes and viable cells counted by trypan
blue exclusion criteria. In the presence of NGF and IDDM serum, cell
numbers increased in a dose-dependent manner, even in the face of the
most toxic IDDM serum which killed all cells. On average, the optimal dose
was 500 ng/ml. The effects of the IDDM sera were only partially reversed by
NGF. In order to test whether IDDM serum causes alterations in trk A gene
expression, in situ hybridization was performed on NB using a probe
(Genentech, San Francisco) specific to trk A. The results indicated that NB
make trk A RNA and that the expression of trk A receptor gene is increased 23 fold in response to IDDM serum, but not in response to control subject
serum. In summary, NGF has a dose-dependent, partially protective effect on
N1 E-115 cells treated with neurotoxic IDDM serum. The neurotoxic effect is
not due to down-regulation of trk A receptor gene. Further studies are
required to determine any role of altered NGF/receptor signalling in the
neurotoxicity of IDDM serum.

NEUROVIRULENT SIMIAN IMMUNODEFICIENCY VIRUS
STRAIN INDUCES APOPTOSIS IN THE CENTRAL NERVOUS
SYSTEM. D.C. Adamson*. T.M. Dawson. M.C. Zink, J.B.
Clements. & V.L. Dawson. Neurology, Neuroscience, & Comp.
Med., Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21202.
Studies of human immunodeficiency virus type 1 (HIV-1) infection
in the central nervous system (CNS) have shown neuronal loss in
discrete areas; however, the presence and mechanism of neuronal
death, particularly in the case of HIV-1 associated dementia has
remained quite elusive. Programmed cell death or apoptosis, has been
clearly demonstrated outside the CNS in HIV-1, but has not been
firmly established within the CNS. Using a simian immunodeficiency
virus (SIV) animal model for HIV-1 CNS infection, we investigated
whether SIV infection of the CNS is spatially associated with
apoptosis of neurons and non-neuronal cell types. With the aid of an
in situ technique for identifying the 3’-OH ends of newly fragmented
DNA characteristic of apoptosis, we demonstrate the presence of
apoptotic neurons, astrocytes, endothelial cells, oligodendrocytes and
microglia. We also observe the colocalization of apoptotic cells .with
numerous perivascular inflammatory cell infiltrates and SIV-infected
cells. Quantitative analysis reveals significantly more apoptotic CNS
cells in neurovirulent SIV strains as compared to strictly lymphocytetropic strains and SIV negative controls. Our findings of SIV induced
apoptosis in the CNS will hopefully lead to a better understanding of
sequelae of HIV-1 CNS infection such as HIV-1 associated dementia.

679.19
EVALUATION OF THE EFFECTS OF FLUOXETINE ON MOTOR ACTIVITY IN RATS.
Bruce Culver* and Shannon Howrev School of Pharmacy, University of Wyoming,
Laramie, WY 82071.
Akathesia and other motor dysfunctions are side effects associated with the use of
fluoxetine (FL). The mechanisms underlying these motor effects remain poorly
understood. Acute administration ofFL in rats has been suggested as an animal model
of akathesia (Teicher and Wallace, Neurosci Abst, p. 18OJ,1993). Our studies were
designed to further characterize motor effects of rats injected with FL (30mg/kg;
s.c.) using 2 different methods of activity testing. Measures of photocell counts
recorded over 2-4 days from groups of female rats in a figure 8 maze revealed rats
injected with FL had less locomotor activity during the exploratory periods than paired
saline control groups. Decreases in activity were also recorded from FL-treated rats
during the rest of the diurnal and nocturnal periods. Digiscan (Omnitech) activity
monitors were used to provide several different measures of motor activity of
individual rats placed in the units for a 6 hr period. Female rats treated with FL
generally showed a decreased total distance traveled consisting of non-stereotyped
decreases in horizontal and vertical activities compared to controls, but differences
were significant only during the first 2 hrs in the apparatus. However, males treated
with FL showed an increase in total distance moved after 3 hrs in the units and the
activity consisted of increased stereotypy and horizontal movements.Our findings that
FL generally decreases most motor activities of female rats seems to be inconsistent
with previous reports of FL-induced increased locomotor activity andYestlessness’,
which may correlate with our findings of certain increases in motor activity in FL males.
Additional characterization of motor behaviors is needed to evaluate the utility of this
model of FL-induced motor dysfunction.
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679.20
UPREGULATION OF HIGH AFFINITY NEUROTROPHIN RECEPTOR,
TRK B-LIKE PROTEIN ON WESTERN BLOTS OF RAT CORTEX AFTER
CHRONIC ETHANOL TREATMENT(CET). I. Baek.» M.B. Heaton & D.W.
Walker. Dept, of Neuroscience, College of Medicine, Univ. of Florida,
Gainesville, FL 32610
We previously reported that the total neurotrophic activity of
hippocampal extracts was significantly (25-50%) reduced after 21-28 wks of
CET suggesting that the level of one or more neurotrophic factors may be
compromised in CET rats (Walker et al. 1992, Neurosci. Lett. 147:77-80).
Such compromised level of neurotrophic factor(s) (i.e., ligand itself), changes
in receptors for the neurotrophic factors, or combination of both may induce
the neuronal degeneration observed in neurotrophin-dependent neurons
after CET.
To investigate possible changes in neurotrophic factor-receptors, we
examined Western blots of rat cortex after 28 wks of CET. After sonication
and ultra-centrifugation, the supernatant of crude lysates of individual
animals’ cortex was subjjected to SDS-PAGE, electrotransfer to nitrocellulose
membrane, incubation with a-trk B Ab and alkaline phosphatase-conjugated
protein A, and chemiluminescent substrate reaction. The membranes were
then exposed to Kodak XAR film.
Compared to controls (n=6), CET rats (n=7) appeared to have
significantly higher intensity of trk B-like protein at about 145 KD, which
suggests up-regulation of trk B to compensate the compromised level of
certain subset (i.e., BDNF, NT-3,4 or 5, but not NGF) of neurotrophins in
cortex.
Supported by NIAAA T32 AA07561, the Med. Res. Srv. of the Dept. of VA,
and NIAAA Grants AA00200 & AA09128.

WEDNESDAY AM

NEUROTOXINS III

679.21
DECREASED CROSS-SECTIONAL AREA OF THE CORPUS
CALLOSUM IN YOUNG FEMALE ALCOHOLICS: AN MRI
STUDY D Hommer*. R. Momenan. P. Ragan. W. Williams.
D. Rio. M. ELckkdt National Institutu on Alcohol Abuse end
Alcoholism, DICBR, Laboratory of Clinical Studies,
Bethesda, MD 20892-1256
Although, females appear to be more sensitive to the hepatic
consequences of alcoholism, to date, there has been no
evidence that females suffer more severe structural CNS
sequelae of alcoholism. Several groups have used magnetic
resonance imaging (MRI) techniques to compare brain
structure between alcoholics and controls. These studies have
primarily examined males. Wo compared cross-sectional area
of the corpus callosum in a group of 14, hospitalized,
alcoholic women (mean age = 38.9±6.7 years) with a group of
9 non-alcoholic women (35.9±4.7 years). The corpus
callosum and the inner table of the skull were outlined by
hand on a mid-saggital T l weighted MRI image. There was
no difference in intra-cranial area between the alcoholics and
controls; however, corpus callosum area was significantly
smaller among the alcoholics (717±78 mm2 versus 566+105
mm2, t(21)=3.70, p < .002). When the corpus callosum was
divided into four segments of equal length, the reduction in
area did not appear to be localized. Alcoholic males did not
differ from control males in corpus callosum or intra-cranial
area. These results may indicate an increased sensitivity to
alcohol-induced brain damage among females.
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679.22
METHANOL TOXICITY:
SPECIES DIFFERENCES IN
RETINAL FORMATE OXIDATION. J. T. Eells ♦. A. M. Flaig. J.
J .Schultz, and M. M. Salzman. Department of Pharmacology and
Toxicology. Medical College of Wisconsin, Milwaukee, WI 53226.
Formic acid is the toxic metabolite responsible for the retinal and
optic nerve toxicity produced in methanol poisoning. The primary
site of formate oxidation and detoxification to CO2 is the liver.
However, there is little information regarding formate oxidation in
the retina, an important target tissue of formate toxicity. The purpose
of this study was to compare the capacity of human retinal tissue and
retinal tissue from a methanol-resistant species, the rat, to oxidize
formate. Formate oxidation was measured in vitro in isolated human
and rat retina. The oxidation of 14C-formate to 14CO2 by human
and rat retinal tissue followed pseudo-Michaelis-Menten kinetics.
The pseudo-Km did not vary between the two species and averaged
2.3
However, themmamum rata of foirnata exidi^tHtii ^spudo
Vmax) was 2-times higher in rat retinal tissue (63 + 8 nmole
COVg/min) than in human retinal tissue (29 + 3 nmole CCtyg/min).
The apparent in vitro metabolic half-life of formate was calculated to
be 31 min. in rat retina and 54 min. in human retina. Humans and
non-human primates are uniquely sensitive to methanol toxicity.
These data support the hypothesis that species differences in retinal
formate oxidation may play a role in the susceptibility to methanol
poisoning. (Supported the American Petroleum Institute and NIH
grant ES06648).

679.23
CATALASE OXIDATION OF ETHANOL TO ACETALDEHYDE IN FETAL
BRAIN MAY CONTRIBUTE TO THE TOXIC EFFECT OF MATERNAL
ALCOHOL CONSUMPTION. R, Hamby-Mason1. B. Cobb-Alls2* and G
Henderson1. ‘•University of Texas Health Science Center, San Antonio, TX
78284 and 2Armstrong Laboratory, Radiofrequency Radiation Division,
Brooks AFB, TX, 78235.
Previous studies documenting oxidative stress in rat fetuses exposed to
ethanol (E) in utero have shown an increase in catalase activity (Cat). This Eenhanced Cat, combined with elevated Cat in fetal/neonatal brain, may
increase acetaldehyde (AcHO) formation in excess of that in the adult. Both
Cat and AcHO production from E were assayed in 10% homogenates of fetal,
neonatal and adult brain. Aliquots of the homogenates were incubated (60
min) with 20 mM E. AcHO levels (by HPLC) and Cat (spectrophotometric)
were determined. Addition of E to adult brain homogenates increased AcHO
by 251% above the control (C) and elevated Cat by 34.1%. Pretreatment
with Cat inhibitors, sodium azide and 3-amino-1,2,4 triazole significantly
decreased production of AcHO by E. Neither 4-methylpyrazole, an alcohol
dehydrogenase inhibitor, nor isoniazid, a P450 inhibitor, had an effect on the
amount of recovered AcHO. Cat was highest in brains from 17 and 19 day old
fetuses (17.01+1.27 and 11.40+2.40 SE, units) and declined to 8.15+0.42
units for day one neonates and to 3.6+1.4 units for adults. Neonatal brains
more rapidly metabolized E to AcHO (379% vs 251 % above C) than did adult
brain. Exposure to E in utero increased brain Cat in day 17 fetuses at 1 and 3
hrs post E by 55.3% and 92.9% respectively, with a 447% increases in AcHO
production at 3 hrs. This indicates that high basal levels of Cat in immature
brain, combined with E-enhanced Cat, increase production of AcHO at a rate
above that in adult brain. Thus, enhanced Cat oxidation of E may be an
important mechanism underlying the toxic effects of maternal E consumption
on the fetal brain.

WEDNESDAY PM

SYMPOSIA

680
SYMPOSIUM. MOLECULAR ORGANIZATION OF THE
POSTSYNAPTIC MEMBRANE. Mary B. Kennedy. Caltech (Cochair); Justin R. Fallon. Worcester Foundation; Heinrich Betz. MaxPlanck Institute, Frankfurt; Stanley C. Froehner (Co-chair), Univ. of
North Carolina at Chapel Hill.
The mechanisms leading to the formation of postsynaptic
specializations are most completely understood at the neuromuscular
junction. Although the heterogeneity of central nervous system
synapses makes them less amenable to biochemical studies, recent
advances have revealed features in common with the neuromuscular
junction (e. g., the presence of members of the dystrophin protein
family and associated proteins) as well as important differences. This
symposium will emphasize the emerging principles common to
neuromuscular and central synapse formation, as well as those
molecules and mechanisms specific for each synaptic type. Fallon
will discuss the characterization of the agrin receptor and die
mechanism by which agrin initiates AChR clustering. Froehner will
describe proteins of the neuromuscular postsynaptic cytoskeleton,
including the 43K protein and components or the dystrophin/utroghin
complex, that appear to anchor ACn receptors at synaptic sites.Some
proteins associated with glutamatergic and glycinergic synapses in the
CNS are not found at the neuromuscular junction and probably
mediate specialized functions. Betz will present data on the protein
gephyrin, which is essential for clustering of glycine receptors in
spinal cord neurons, probably via a mechanism involving
microtubules. Finally, Kennedy will discuss the postsynaptic density
at glutamatergic synapses, which contains signal transduction
molecules that appear to play a specialized role in mediating forms of
synaptic plasticity that are unique to these synapses.
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681
SYMPOSIUM: DEVELOPMENTAL DETERMINANTS OF
RETINAL GANGLION CELLS. L. M. Chalupa, UC Davis
(Chairperson); R. O. L. Wong. Washington University; A. E.
Hendrickson, University of Washington; R. W. Guillem.
Oxford University.
This symposium will deal with diverse mechanisms
regulating the formation of some of the key features of retinal
ganglion cells and their precise patterns of projections. Wong
will discuss correlated retinal activity patterns demonstrated by
multi-electrode arrays and optical recording techniques in
relation to spontaneous activity and neurotransmitter
responsivity of developing ganglion cells. Chalupa will discuss
the roles of retinal afferents and sodium voltage-gated activity
in regulating the establishment of On and Off ganglion cell
mosaic patterns in the postnatal cat retina. Hendrickson will
present results of light and EM studies, as well as
immunocytochemical experiments, directed at assessing the
factors responsible for the density shifts that give rise to the
primate fovea. She will consider such issues as the suppression
of rods and blue cones in the foveal region, and the effects of
cell migration on the state of synaptic contacts formed prior to
the differentiation of the fovea. Guillery will talk about stages
of the guidance mechanisms that lead axons into a crossed or an
uncrossed pathway at the optic chiasm, and will relate this to
ganglion cell classes identified in cats and ferrets.
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684.1

684.2

SUB-THRESHOLD SYNAPTIC ACTIVATION OF Ca2+ CHANNELS MEDIATES A LOCALIZED Ca2+ INFLUX INTO DENDRITES OF HIPPOCAMPAL PYRAMIDAL NEURONS. J. C.
Magee*1,2, G. Christofi2, H. Miyakawa2, B. Christie1,2, N. Lasser-Ross2, &
D. Johnston1,2. ^Dhr. Neurosci., Baylor Coll, of Med., Houston, TX and
2MBL, Woods Hole, MA
Hippocampal CAl pyramidal neurons contain a relatively high density of
TTX-sensitive Na2+ channels and at least three types of Ca2+ channels. Of
these Ca2+ channels, the LVA or T-type channel in the dendrites can be activated by sub-threshold EPSPs. Such channel activation could greatly impact
the dendritic integration of synaptic activity. Furthermore, if sub-threshold
voltage-gated channel activation provides a significant influx of Ca2+, such
channels could participate in the long-term regulation of synaptic efficacy.
We used whole-cell patch-clamp techniques in conjunction with high-speed
fluorescence imaging of fura-2 to characterize subthreshold, synaptically activated Ca2+ influx into the dendrites of CAl pyramidal neurons. We consistently observed a significant non-NMDA (50 /xM APV included in bath)
mediated elevation of dendritic intracellular Ca2+ concentration in response
to sub-threshold synaptic stimulation (5 stimuli at 50 Hz). These Ca2+ signals were localized to branches of the dendritic arborization that received
active synaptic input. Prior membrane hyperpolarization (15-25 mV for
1.5-2 secs, 250-400 ms before synaptic stimulation) enhanced the Ca2+ influx by up to 66 ± 10% (n = 5). 50 pM NiCl2 reduced the amplitude of this
postsynaptic influx of Ca2+ by 54 ± 5% (n = 8). These data suggest that
Ni2+-sensitive, voltage-gated Ca2+ channels with relatively hyperpolarized
voltage-ranges of activation and inactivation mediate a substantial influx of
Ca2+ into the dendrites of CAl pyramidal neurons. The primary candidate
for such a channel is the LVA or T-type Ca2+ channel (NS09482, NS 11535,
MH44754, and MH48432).

MECHANISMS OF ACTION POTENTIAL INITIATION IN
SOMA, AXON HILLOCK, AND INITIAL SEGMENT OF
PYRAMIDAL NEURONS. C. M. Colbert* and D. Johnston. Division of
Neuroscience, Baylor College of Medicine, Houston, TX 77030
Pyramidal neuron dendrites propagate action potentials (APs), yet the site
of AP initiation, even for dendritic input, appears to be the soma or axon
hillock/initial segment (AH/IS) (Stuart & Sakmann, Nature 367:69, 1994).
Recently, experimental findings have constrained the possible mechanisms underlying AP initiation, including an equal (and rather low) mean density of
Na+ channels in the soma and dendrites (Magee & Johnston, J. Physiol., in
press). Satisfying these constraints, models of pyramidal neurons predict that
the AH/IS region must have a very high Na+ channel density—perhaps two
orders of magnitude greater than the soma. In such a configuration, the neuron cannot fire a robust spike without an IS. We tested these predictions using
patch-clamp techniques to record from visually identified CAl and subicular
neurons and ISs in slices from adult rats. First, we estimated the density of
Na+ channels on the IS, AH, and soma using cell-attached patch recordings.
The IS had only a slightly higher mean Na+ channel density than the soma.
Second, we assessed the ability of somatic and IS Na+ channels to produce
APs in the soma. Using whole-cell current-clamp recordings, APs were activated antidromically by alvear stimulation or orthodromically by depolarizing
current to the soma. Tetrodotoxin (TTX) was puffed from a second pipette
to block Na+ channels. TTX applied to the IS (10-12 /xm from the soma)
reversibly blocked the antidromic AP in a graded fashion, while only slightly
raising the threshold for the orthodromic AP. AP amplitude did not decrease
significantly. TTX applied to the soma blocked somatic APs, although the
much-attenuated antidromic AP still invaded the soma. These results suggest
that the initial segment does not have a greatly increased Na+ channel density
and that somatic Na+ channel activation is required to produce robust somatic
action potentials (NS11535, MH44754, MH48432 and MH10896).

684.3

684.4
AFTERHYPERPOLARIZATION IN NEONATAL PHRENIC
MOTONEURONS: DIFFERENCES BETWEEN INSPIRATORY AND
EXOGENOUSLY-EVOKED ACTION POTENTIALS. C. K Su* & J.

A STEADY-STATE, NIMODIPINE-SENSITIVE CALCIUM CURRENT ACTIVE AT REST IN HIPPOCAMPAL CAl DENDRITES.
D. Johnston*, J. C. Magee, . B. R. Christie, and R. B. Avery. Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030.
The dendrites of hippocampal CAl pyramidal neurons express a number of
different types of voltage-gated channels, including Na+ channels and several
types of Ca2+ channels (Magee and Johnston, J. Physiol., in press). The Ca2+
channels observed in dendrites include low-voltage activated (LVA) T-type
channels, high-voltage activated (HVA) R-type channels, and dihydropyridine
(DHP)-sensitive HVA L-type channels. During the investigation of LVA, Ni2+sensitive channels that are activated by EPSPs (Magee et ah, this meeting),
we found what appeared to be a standing Ca2+ current active at the resting
potential.
Whole-cell recordings of visually identified CAl neurons were made in hippocampal slices prepared from 5-8 week old rats. The pipettes were filled with
125 /xM fura-2 for high-speed fluorescence imaging. When cells were hyperpolarized from rest, there was a time- and voltage-dependent decrease in [Ca2+];
in the soma and apical dendrites. The decrease in [Ca2+]j was maximal in the
proximal dendrites and less in the soma and distal dendrites. A similar gradient was obtained when whole-cell recordings were made from dendrites. The
voltage-dependent decrease in resting {Ca2+] was blocked by 200 /xM Cd2+
and reduced by 73% with 10 /xM nimodipine. Recent whole-cell voltage-clamp
recordings from isolated pyramidal neurons have ' revealed a non-inactivating
Ca2+ current activated near the resting potential (Avery and Johnston, this
meeting). This Ca2+ current is partly sensitive to DHPs and thus may be
involved in the decrease in [Ca2+]i with hyperpolarization observed during the
fluorescence imaging. The results suggest that a LVA, L-like Ca2+ current
contributes to the resting properties of these neurons (MH44754, MH48432,
NS11535, and NS09482).

684.5

SPACIAL AND TEMPORAL INTEGRATION OF SYNAPTIC
INPUT IN RAT . CEREBELLAR PURKINJE CELLS IN VITRO

D. Hrck*. B . Antkowiak anti A . Borst MM-Planck-Iratitut fuer biologig:hc
Kybemetik, Spemckthtr. 38, 72076 TrkOikgkk, Germcny
Wk ikvkhtigctkA spcticl -kA tkmpsrcg iktkgrctisk sf tykcptic ikput ik
-krebcllcr Purkikjk cellt. Acute tcggitcl tli-et (300 pm thick) were prepared from
the ckrebelli sf tws week sld rats cccsrdikg ts ttcndard prsceduret. Ssmctic whsle
cell patch clcmp recordngs were established mder visual csktrsl usikg ck upright
micrstcspk with Nsrmartki sptics. The pctch pipettes coktamed Iucifer yellsw ts
cllsw visuanizatisk sf the iadividucl aUIkinje cellt dekdritic treet. Tws tmclli
diameter Oipslcr ttimulatikg electrode built from theta glctt (tip diameter ~ 20 pm)
were uted ts cctivctk presykcptic fibers Oerminc0ng sk the rkcsrdkd cellt’ dekdrite.
With the exteksisk ckd gesmetry sf the lucifer-yellsw staired dekdrite beikg well
vitible the ttimulctikg electrsdet were pstitisned above tws remste sites sf the
dekdritic tree tuch that tykcptic ikput elicited by electriccl ttimulctisk wsuld cctivctk
tykapset sk tws ikdepekdekt branche sf the dekdrite. Septic currekts md
pstektids elicited by the stimuli were mectmed mder vsltage clcmp ckd currem
clcmp -sndi0snt, respectively. Stimuli were applied through each sf the electrsdet
teperctely ckd the effect sf each electrsdk wct mectured. Thkk pcirt sf stimuli with
vcrymg delcyt betweek the tws stimuli were givek m srder ts invksoigate tempsral
tummctisk. FinaHy bsth electrode were cctivcted tynchrsnsusly.
Ukder vsltcge clcmp cskditisks tomatically recsrded epcitctsiy tynaptic
currekts tummed up lmecrly. Prelimikcry results 00tained mder current clCmp
cskditiskt suggest thct epcitctsry sykapt^c pstekticlt elicited ct tws indepkndent
dekdritic Oranchet clts sum up lmecrly.
A aurkinje cell wct matomicclly recskttructed ckd c csmpcrtmektcl msdel
sf the cell wcs implemekted sk c csmputer. The epperimentt were repected ik the
timrncted cell.
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L. Felddan. Dept. of PP^^isios Science, UULLt LLt CC 90005-1122.

Repetitive eiring behcvisr sf phrekic mstskkurskt (PMNt) ik
nesnctcl rct were kPcmiked ts klrcidcte the mterplcy betweek mtrintic
nerrsncl prspertiet ckd tykcptic drive. Whsle cell pctch-clcmp
recsrdikgt were mcde frsm PMNt ik in vitro brainstem-tpikcl csrdt sf
nesnctcl rct. Actisk pstkkticl cfterhyperpolcrizctiskt were mectured by
cvercgikg the wcvefsrm sf cctisk pstekticlt. Eptriktic drivikg fsrce wcs
ettimcted frsm cvercget sf tykcptic pstekticlt durikg intpirctisn.
Mcpimcl firikg (iktervclt: 16-56 mt) typicclly sccurred withm the firtt
2 tpiket sf each mtpirctsry burst; thit csrrelctkd with peck tykcptic drive
cmTektt. Epsgensrt lsccl cpplicctisk sf phenylkphrink (PE, 0.1-1 mM),
ck c, cdrekergic cgsmtt, did kst tignificcntly chckge the mcpimcl firing
rcte, but ikcrected cvercge firikg rcte/cycle ckd lkkgthkkkd the burtt
perisd; PE clts indrced tsmc firikg durikg the ksrmclly tilkkt interOrst
perisd. Medium cfterhyperpslcrizctiskt (mAHP) (drra-ton~100 mt)
were sftek sOskrved fsllswmg cctisk potknticlt durmg eppirctisk
(elicited by PE), ct well ct fsllswmg cktidromic cctisk pstekticlt.
Hswever, mAHPt were rnfrkqukktly sbtkrvkd fsllswmg cctisk pstekticlt
durmg intpirctisn. (Okly tsme tlsw firikg keurskt thswed c prominknt
mAHP durikg iktpirctisk. Fsr thete nkursnt, mAHP wct dimmithed by
lsccl cpplicctisk sf PE.) Thut, mAHPt cre tern fsllswikg kpsgeksuslybut kst knAsgensutlylevsked cctisk pstekticlt. Thit tuggkttt thct
mtrintic propertiet sf PMNt cre msdulcted by iktpirctsry tykcptic
fcctsrt ts tupprett mAHPt ckd msdify the current-frequkncy retpskte
cpprsprictk fsr mtpirctsry msvemekt sf the dicphrcgm. Suppsrtkd by
NIH Grck NS24742.

684.6
ACTIVATION OF POSTSYNAPTIC LALCIUM/LALMODULIN PATHWAYS
MODULATES SYNAPTIC RESPONSIVENESS IN HIPPOCAMPAL LAl
NEURONS. J-H. Wmg* ckd P.T. Kelly. Department of Neurobiology and

Anatomy, University of Texas Medical School, Houston, Texas 77030.
The rsle sf -cl-irm/cclmsdulin (Cc2+/LcM) tig^likg pcthwcyt ik
transmissisk wct ttudied ik CAl pyramidal neursn tykcptet mcde by

tykcptic
Schcffer
-sllcteral/csmmitural termikcls ik rct hippsccmpcl slices. The pstthyncptimjectisk sf c ttsi-hismeoric ratis sf Lc2+/LaM (4:1) ikduced tignPi-ant
pstektictisk sf epritatsry tynaptic retponset, EPSP (62±10%, meak±S.E.M,
k=14) ckd EPSL (24±7%, k=10), evek ik the presekce sf GABAa ckd GABAb
mtagsmstt (75±5%, k=8). astenticoisn wct mt ikduced by ikjectikg La2+
(4±4%, k=12) sr LcM clsm (10±7%, k=12) md wct blscked by cslinjectisn sf c
LcM-bikdikg peptide (LBP). Reciprocal epperimektt thswed thct Lc 2+/Lc Mikduckd tykcptic pstenticoisn ckd tetanut-inArced LTP sccluded sm msther.
aterAstuOttrcte ikhibitsrs sr high-cffikity substrctes sf LcM-KII ([Alc^ccMKII281.302 and cr0s-amtide-3) sr PKL (PKL 19.31 md neurogractn28_43)
tigniPi-anOly blscked La2+/LcM-ikduced pstektictisk. Thete results ikdicate thct
pshthynaptic levels sf free Cc2+/CcM cre c rate limitrng Pcc Osi fsr triggering
tyncpti- pstektictisk ckd thct fmctiskcl cross-talk betweek C-2+/Cc M ckd PKL
pcthwcyt sccurs Auring LTP inAuctisn.
aciIed-pulte fccilitatisk
sf tyncpti- transmissisk wct tignificcntly
cttekucted by Cc2+/CaM ikjectiskt mder current-clamp (37±2% redrcoisn,
k=10) ckd vsltcge-clcmp cskditisks (31±2%, k=7), ckd ik the presekce sf
GABAergic mtcgsmsts (43±11%, k=8). The Ctenuctisn sf PPF wct blscked by
LBP, phredshrOstrctet ckd substrctes sf LcM-KII sr PKL, ckd reverted by
cyclsthiczide, c blscker sf AMPA receptsr d^ksitizatisk. These results inAi-ate
that PPF it regulated by pstOhynapOic La2+/CcM pathways md AMPA receptsr
plcsticity. (suppsrted by NIH grckt NS32470).
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684.7
COINCIDENCE DETECTION OF SYNAPTIC INPUTS AND SPIKES
BY INDIVIDUAL SPINES REVEALED BY CALCIUM IMAGING
WITH TWO-PHOTON MICROSCOPY.
R. Yuste* and W. Denk. AT&T Bell Laboratories, Murray Hill, NJ 07974.
Most synaptic connections in the central nervous system occur on dendritic spines,
whose functional properties are poorly understood because of experimental difficulties
resulting from their small sizes (~1 pm3). We have taken advantage of the improved
tissue penetration provided by two-photon excitation of visible fluorophores with
infrared light (Denk et al., Science 248: 73-76, 1990) to image calcium concentration
in spines from CA1 pyramidal neurons in slices of rat hippocampus. Cells were filled
with the calcium indicators Calcium Green 1 or 5N, using whole-cell perfusion. Laser
scanning was performed using a modified confocal microscope with a mode locked
Ti:Saphire laser (X»850 nm) as the excitation source.
Focal subthreshold synaptic stimulation produced calcium accumulations that were
restricted to isolated spines, showed stochastic failures, and were abolished by
postsynaptic blockers. Similarly, discrete calcium accumulation localized to isolated
spines were seen in spontaneous calcium accumulations elicited by high [Ca2+] and
low [Mg2+] ACSF, conditions that enhance spontaneous transmitter release. In
contrast, single somatic spikes induced fast-peaking calcium accumulations in spines
throughout the cell. With 2 msec time resolution, we observed no appreciable delay
between spike-induced calcium accumulation in spines heads and nearby dendrites.
Finally, the simultaneous pairing of spikes with synaptic stimulation was frequently
cooperative resulting in calcium accumulations that were supralinear, i.e. larger than
the combined responses to the individual stimuli.
Taken together, our results strongly suggest: (i) the existence of voltage-sensitive
calcium channels in the spine heads, (ii) their antidromic activation by the action
potential, (iii) that individual spines are calcium compartments and (iv) that they can
individually signal the coincidence of the input and output of the neuron, thus serving
as basic functional units of synaptic integration.
(Supported by the Office of Naval Research and AT&T Bell Laboratories)

684.9
AT-SOURCE KINETICS OF GABAa RECEPTOR MEDIATED IPSCs IN
DENTATE GYRUS GRANULE CELLS. I. Soltesz.*1 D.K. Smetters2 and I. Modv3.
'Dept, of Anatomy & Neurobiol., UC Irvine, CA; 2Salk Institute, La Jolla, CA; 3Dept.
of Neurology, UCLA, Los Angeles, CA.
Principal cells receive their GABAergic inputs from multiple interneuron types
which terminate in mutually exclusive domains along the their longitudinal axis. In the
dentate gyrus both somatic and dendritic layers contain several GABAa receptor
subunits and an abundance of GABAergic terminals. We used whole-cell patch clamp
and computational techniques to find out whether there are differences in the
properties of inhibitory synapses located on different parts of cells. IPSCs were
recorded from adult rat granule cells in the presence of 10 (M CNQX and 40 pM DAP5, with 130 mM CsCl, 10 mM HEPES, and 2 mM MgCh containing electrodes.
Minimal stimulation at various distances from the somatic recording site showed
that both proximal and distal inhibitory fibers are capable of releasing GABA, and
that the released transmitter activates functional GABAa receptors. In addition, these
experiments demonstrated that the further away from the soma the IPSCs were
generated, the slower and smaller they became. When spontaneous events were
examined in the presence of TTX (miniature IPSC or mIPSCs), the 10-90% rise times
of the events ranged from 0.1 to 10 ms. How are mIPSCs with such different kinetics
generated? Compartmental modeling of a typical granule cell showed that the kinetics
of distal minimally evoked IPSCs at source are comparable to the kinetics of the
somatic mIPSCs. This suggests that activation of somatic and dendritic GABAa
receptors evokes events with very similar at-source kinetics. However, when the bulk
(>50%) of the dendritic tree was removed, the distribution of 10-90% rise times still
showed an unchanged low (<3%) percentage of events with extremely slow kinetics
(3-10ms), indicating that such slow events can be generated at proximal sites.
These findings suggest that in granule cells most distal and proximal synapses
contain GABAa receptors with similar kinetics, however, they also indicate the
possible presence of a small number of synapses with distinct GABAa receptor
composition and kinetics.

684.11
1S,3R-ACPD INCREASES INTRACELLULAR CALCIUM LEVELS
IN RAT DORSOLATERAL SEPTAL NUCLEUS (DLSN) NEURONS,
F-Zheng* and J.A. Connor. Roche Inst, of Molecular Biology, Nutley, NJ 07110.
1S.3R-ACPD causes membrane depolarization and burst firing in rat
DLSN neurons, and results in long lasting enhancement of synaptic transmission
(Zheng & Gallagher, Neuron 9,163-172,1992). One possible mode of action is an
increase of intracellular calcium levels by releasing calcium from IP3-sensitive
stores due to activation of a metabotropic receptor coupled to phospholipase C. In
the present study, we measured intracelluak calcium levels using fluorescent
imaging techniques in a slice preparation. Fura-2 was injected into DLSN neurons
through the recording microeletrode. [Ca2*] was measured by 350/380 ratio.
Super-fusion of 1S,3R-ACPD depolarized the fura-2 loaded DLSN neurons
and triggered bust firing as described previously. No significant change of [Ca2+j
was associated with the simple depolarization, but a large rise of [Ci 2*]; occured
after burst firing started. Calcium increases first occurred in remote dendrites, then
spread gradually into the soma. During the repolarizing phase of the burst firing,
the dendritic calcium signals returned to basal level first, while the calcium level in
the soma was still elevated. [Ca2*]; changes during ACPD bursts woe much larger
than those produced by spike activity in normal saline. Since the enhancement of
spike-triggered calcium increases by 1S,3R-ACPD is accompanied by a prolonged,
depolarizing plateu potential which is thought to be a dendritic calcium spike, this
action of 1S3R-ACPD is likely due to an enhancement of calcium influx through
voltage-gated calcium channels. However, the [Ca2*]; change during bursts was
reduced by pretreating slice with thapsigargin (5 pM), suggesting at least part of
calcium increase is due to release from internal stores. Thapsigargin has no
consistant effects on basal calcium level. On the other hand, ryanodine (20-100
pM) did not reduce, but enhanced the ACPD-induced calcium increase associated
with bursting. Our data suggested that the rise of [Ca2*]; associated with ACPDinduced bursting is due to both calcium influx and calcium release from internal
stores. (Supported in part by Jeane E. Kempner Scholarship to F.Z.)
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684.8
DENDRITIC CALCIUM-DEPENDENT EXOCYTOSIS IN
CULTURED HIPPOCAMPAL NEURONS: ROLE OF
CALCIUM/CALMODULIN PROTEIN KINASE II. M. M.
Maletic-Savatic*. T. Koothan and R. Malinow. Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY 11724, USA
Calcium/calmodulin protein kinase II (CaMKII) has been
implicated as a key enzyme involved in formation of long term
potentiation (LTP). One of the possible models of LTP formation
is that CaMKII activation mediates insertion of glutamate receptors
into postsynaptic membrane by vesicle exocytosis. In order to test
this hypothesis we have used quantitative time-lapse imaging of the
fluorescent membrane probe FM 1-43. Exocytosis of vesicles in
cultured hippocampal neurons was monitored at 4 to 10 days in
vitro (DIV). Neurons exposed overnight to FM 1-43 accumulate
dye in all neuronal processes, some of which are dendrites.
Release of the dye from dendritic sites was induced by the Ca++
ionophore A23187 (2.5 pM). This release was observed at ages
(DIV) when CaMKII and glutamate receptors (NMDAR1, GluRI,
GluR2/3 and GluR4) are normally expressed, but not before. We
investigated the pattern of FM 1-43 release at earlier ages, following
infection of the cultured neurons with a recombinant vaccinia virus
expressing a full length (f) CaMKII. Preliminary results indicate
that the presence of fCaMKn influences the release of the FM1-43
dye by A23187 at an age when NMDAR1 is expressed but
CaMKII and GluRs are normally not expressed. These results
suggest a role for CaMKII activation in exocytosis at postsynaptic
sites.

684.10
RECOMBINANT GEPHYRIN FORMS FILAMENTS IN
VIVO which bind the glycine
receptor
p
SUBUNIT AND GABAa RECEPTOR |33 SUBUNIT J
Kirsch*. and H. Betz Dept. of Neurochemistry, Max-

Planck-lnstitute for Brain Research, Deutschordenstr. 46,
60528 Frankfurt, Germany
The peripheral membrane protein gephyrin was originally
identified upon co-purification with the inhibitory glycine
receptor of rat spinal cord. Expression of this polypeptide in
spinal neurons is essential for the formation of postsynaptic
glycine receptor clusters. Gephyrin is widely expressed
throughout the synaptic regions of the central nervous system
and co-distribution with glycine- and GABAa receptors could be
demonstrated. Since both receptor types are pentameric
receptor complexes composed of several subunits we
investigated by heterologous expression in combination with
electron microscopy and immunocytochemistry which receptor
subunits can interact with recombinant gephyrin. We found that
recombinant gephyrin forms filamentous structures (6nm) in
HEK 293 cells which bind glycine- or GABAa receptor p
subunits. Therefore, we conclude that gephyrin-mediated
anchoring at synaptic sites may depend on the subunit
composition of the respective neurotransmitter receptors.

684.12
TIME COURSE OF EXCITATORY SYNAPTIC TRANSMISSION IN
THE NUCLEUS TRACTUS SOUTARIUS FROM RAT
B.U. Keller* and S. Titz. Zentrum Physiologie, Universitat
Gottingen, Humboldtallee 23, 37073 Gottingen, Germany
Brain stem neurones in the nucleus tractus solitarius
(NTS) from rats are well suited for patch clamp analysis of
synaptic currents as their passive electrical properties are
characterized by a single membrane time constant of
0.2ms and an input resistance above lGOhm. Glutamate
receptor mediated synaptic transmission was investigated
in parvocellular NTS neurones by performing patch clamp
recordings in thin slices from 10 - 14 day old rats.
Stimulation of visceroafferent fibers evoked AMPA
receptor mediated EPSCs which were characterized by fast
activation times of 0.5 ±0.2 ms (20 - 80 % max. ampl., n = 5)
and slow decay time constants of 4.0 ± 0.6 ms (n = 5). Slow
decay kinetics were also found for spontaneous and
miniture EPSCs investigated in 1 pM TTX. The slowness of
decay did not result from dendritic filtering. Also, it did not
reflect the deactivation kinetics of the postsynaptic AMPA
receptors, which were investigated by rapid (< 0.3 ms)
application of glutamate to outside - out patches pulled
from the same cells. Comparison with fast EPSC decays in
other systems suggests that the slow decay in NTS
neurones results from the prolonged presence of
glutamate during the synaptic transmission process.
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685.1
A NOVEL PROTEIN (HAP-1) ENRICHED IN BRAIN
INTERACTS WITH THE HUNTINGTON'S DISEASE PROTEIN
X-J. Lj1 '2*. S-H. Li*. A.H. Sharp*. F. Nucifora1. G. Schilling1.
S.H. Snyder^ & C.A. Ross*1. Laboratory of Molecular
Neurobiology & Department of Psychiatry 2. Department of
Neuroscience Johns Hopkins University School of Medicine
Baltimore, MD 21205
Huntington's disease (HD) is an autosomal dominant
neurodegenerative disorder caused by an expanding glutamine
repeat in a gene termed IT 15 or Huntingtin, which has no
significant homology to other known genes. The neuropathology of
HD is restricted to the brain. However, Huntingtin mRNA and its
protein product are widely expressed in brain and in the periphery,
with no clear difference in level of expression between patients and
controls. Both the genetics of the disorder and the expression of
the expanded allele of the protein in HD patients suggest that the
mutation induces a toxic gain of function, possibly dependent on
interactions of the mutated protein with other cellular proteins.
Using the yeast two hybrid system, we have now identified a cDNA
encoding a novel protein (Huntingtin Associated Protein or HAP-1)
which interacts with the HD protein. In vitro binding assays with
GST fusion proteins and immunoprecipitation experiments confirm
the interaction and show that the association is enhanced by an
expanded polyglutamine repeat in the HD protein. Northern and
Western blot analyses demonstrate that the HAP-1 gene product is
highly expressed in brain, and thus may be involved in the selective
brain pathophysiology of HD.

Jean-Louis Mandel! Hg BMC, 67404 Illkirch Cedex, France and *INSERM U289,
75651 Paris, France.
Huntington's disease (HD) is a dominant neurodegenerative disorder,
characterised by involuntary movements (chorea), personality changes and
dementia. It is caused by an expansion of a polyglutamine coding CAG
repeat in a gene of unknown function. The wide expression of the
transcript does not correlate with the pattern of neuropathology in HD
(neuronal death in the striatum). To study the HD gene product
(huntingtin), we have developed monoclonal antibodies raised against four
regions of the protein. These monoclonals detect specifically huntingtin as
a -350 kDa protein in various human cell lines and in neural and nonneural rodent tissues. In cell lines from HD patients a doublet protein is
detected corresponding to the mutated and normal huntingtin, while in
post-mortem brains from 3 HD patients the mutated huntingtin was barely
detectable suggesting that the abnormal protein may be less stable in brain.
Immunohistoehemical studies in the human brain using two of these mAbs
detect the huntingtin in perikarya of some neurons, in neuropiles,
varicosities and as punctate staining likely to be nerve endings. This
localisation in nerve endings suggest that huntingtin may play a role in
neurotransmission. These monoclonal antibodies are being used to
identify proteins that interact with huntingtin and to analyse the relative
accumulation of the normal and mutated protein in brain. We have
generated neural cell lines that express high amounts of mutated
huntingtin, and transgenic mice carrying a mutated HD cDNA (73 repeats)
have been obtained.

685.3

685.4

TARGETED DISRUPTION OF THE MURINE HUNTINGTON'S DISEASE
GENE I: EARLY POST-IMPLANTATION EMBRYONIC LETHALITY IN
HOMOZYGOTES.J. Nasir’4. V. M. Diewert*. J. M. Richman2. J. Zeisler' M.

TARGETED DISRUPTION OF THE MURINE HUNTINGTON’S DISEASE
GENE H: BEHAVIORAL AND NEUROPATHALOGICAL ASSESMENT
IN HETEROZYGOTES S.B.Floresco*1. J. Nasir3. J.R. O’Kuskv*. A.G. Phillips1
and M.R. Havden3 Depts.of 'Psychology, 2Pathology and Laboratory Medicine
and ’Medical Genetics, Univ. of British Columbia, Vancouver, B.C., V6T 1Z4

von Krosigkk*ind Michael R. Havden ’ Depts. of ^Medical Genetics,* Clinical

Dental Sciences,,3 Psychiatry and 4Centre for Molecular Medicine and
Therapeutics, University of British Columbia .Vancouver, B.C., Canada.
Huntington’s Disease (HD) is a devastating adult-onset neurological disease
associated with chorea, cognitive deficit, psychiatric disturbances and inexorable
progression to death, typically 10 to 15 years after onset. It is associated with
expansion of CAG repeats within the coding region of a novel gene, which is
widely expressed but causes selective neuronal death.
A similar mutational
mechanism with expansions of CAG repeats is associated with five other
neurodegenerative diseases.. In addition, the question of how these widely
expressed genes cause selective neuronal death remains unanswered.
To
understand the physiological function of the HD gene and its role in development,
we have created a targeted disruption in exon 5 of Hdh (Hdh "e*5), the murine
homologue of the HD gene and characterised both homozygotes and heterozygotes
(see accompanying poster) for this mutation. No homozygous animals were found
among 225 liveboms derived from an intercross between heterozygous animals.
However, an analysis of timed matings showed a high frequency (22%) of embryos
were being resorbed between day 7.5 and 9.5 of development. The majority of
resorbed embryos (80%) were homozygous for the Hdh
mutation. These mutant
embryos initiate gastrulation and form the three germ layers (ectoderm, endoderm
and mesoderm) but there is subsequent failure to neuralate. Consequently, the
embryos fail to develop a normal anterior-posterior axis. In addition, they are
unable to form somites and do not proceed to organogenesis. Therefore, we

685.2
CELLULAR LOCALISATION OF THE HUNTINGTON'S DISEASE
PROTEIN AND DISCRIMINATION OF THE NORMAL AND
MUTATED PROTEIN. Frederic Saudou^*. Yvon TrottierT Didier Devys1.
Gefirge&Lmbea 1Isabelle An*, Cbantal Weber1. Yves Agid*. Etienne C. Hirsch* and

In this second series of experiments investigating the function of the Hdh gene,
we assessed the behavioral and neuropathalogical effects of heterozygous deletion
of the Hdh gene (Hdh'ElcS)i Seven Hddh5 heterozygous mice and 7 normal
littermates were subjected to a battery of 4 behavioral tasks. Heterozygous mice
were (1) hyperactive relative to controls during a standard locomotion test (total
photocell counts: heterozygotes=3545 ± 275; wildtype=2272 ± 275, p<0.01 ); (2)
showed no difference from controls on performance on either a T-maze task,
(which assessed spontaneous alternation behavior), or (3) a radial-arm-maze task
(which assessed working memory). On the Morris Water Maze (4), a task used to
assess spatial navigation abilities, heterozygous mice showed similar learning to
control animals. However, when the location of the hidden platform was switched
to another area of the maze, heterozygous mice had longer, latencies to find the
hidden platform relative to control mice ( mean latency/trial; heterozygotes=66.3
±lls , wildtype= 30.2 ± 11s, p<0.05 ) indicating a lack of behavioral flexibility.
Subsequent neuropathological analysis was performed on 2 HdH^* mice and 2
controls used in the above experiments. Heterozygous mice showed *43% cell loss
in the globus pallidus (p=0.051) and «45% cell loss in the subthalamic nuclei
(p=0.021) relative to control mice. These data suggest that the Hdh gene may play
an important role in the normal functioning of the basal ganglia, and that
heterozygous mice show some behavioral and morphological abnormalities with
similarity to those seen in patients with Huntington’s Disease.

propose the HD gene is essential for post-implantation embryonic development.

685.5
CHARACTERIZATION OF THE DRPLA DISEASE GENE PROTEIN
PRODUCT
(ATROPHIN-1):
COMPARISON
WITH
HUNTINGTON'S DISEASE GENE PRODUCT (HUNTINGTIN)
A.H. Sharp*. S.H. Li. G. Schilling. J. Bao. T.M. Dawson C.A. Ross.
Laboratory of Molecular Neurobiology, Johns Hopkins University,
School of Medicine, Baltimore, MD 21205-2196.
Dentatorubral pallidoluysian atrophy (DRPLA or Smith's Disease),
like Huntingtons's Disease (HD), is an autosomal dominant
neurodegenerative disease. Both diseases are caused by expansion of
CAG repeats within the coding regions of their respective genes.
Although the genes share no homology to each other or to other genes,
the two diseases share many clinical, genetic and pathological features.
Both diseases are thought to involve gain of function mutations
suggesting effects at the protein level. We are using specific antibodies
developed against the protein products of the two genes to compare their
cellular and subcellular distributions and biochemical properties. Both
proteins have widespread distributions in brain and other tissues.
Immunohistochemical experiments show that atrophin-1, like huntingtin,
is neuronal with a cytoplasmic distribution. Subcellular fractionation of
rat brain tissue indicates that both proteins are present in both soluble and
particulate fractions. Both are enriched in a high speed pellet prepared
from an osmotically lysed synaptosome fraction (LP2). Sucrose
gradient centrifugation of soluble extracts from brain tissue show that
both proteins in their native forms migrate with higher apparent
molecular weights than expected for monomers, suggesting that both
dimerize or form complexes with other proteins.
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685.6
TOWARD AN UNDERSTANDING OF TARDIVE DYSKINESIA. CHRONIC
HALOPERIDOL ENHANCES NMDA TOXICITY IN MOUSE STRIATUM. L
Turski* and C. Ikonomidou. Research Laboratories of Schering AG, 13342 Berlin and
Division of Pediatric Neurology, St. Louis Children's Hospital, St. Louis, MO 63110
Chronic treatment with neuroleptic drugs leads to the development of tardive
dyskinesia (TD) in a large proportion of patients. The supersensitivity of dopaminergic
receptors explains neither the onset nor the persistence of TD. The nature and the
location of mechanisms in the basal ganglia that are responsible for the development of
TD and irreversibility of the symptoms remain unresolved issues. In patients subjected
to chronic treatment with neuroleptic drugs who develop TD concentration of
glutamate is increased in CSF. Therefore we examined whether acute or chronic
systemic treatment with haloperidol (1-10 mg/kg, i.p. for 21 d) modulates toxicity of
glutamate and N-methyl-D-aspartate (NMDA) in the mouse striatum. Glutamate (1

pmol) and NMDA (1 nmol) were microinjected into the striatum of NMRI mice, 20-25
g, subjected to acute or chronic treatment with haloperidol, and stereologic analysis of
the damage was performed 24 h later. In mice subjected to single systemic
administration of haloperidol, non-toxic dose of either glutamate or NMDA induced no
damage in the striatum, whereas in mice subjected to chronic treatment with
haloperidol (5 and 10 mg/kg/d for 21 d) both glutamate and NMDA produced
pronounced excitotoxic lesions in the striatum in a dose-dependent manner. These data
indicate that long-term treatment with haloperidol increases susceptibility of striatum
to excitotoxic action of glutamate and NMDA. Such observations form the base for the
hypothesis that chronic treatment with neuroleptic drugs may change the balance
between neurotransmitters in the basal ganglia in such a way that even physiological
(non-toxic) concentrations of glutamate may become neurotoxic and acting via NMDA
receptors lead to neuronal damage in the mouse striatum. The hypothesis of a weak
glutamergic toxicity after termination of long-term treatment with neuroleptic drugs
offers alternative explanation for the evolution and persistence of the symptoms of TD-
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685.8

NEUROPROTECTIVE STRATEGIES FOR TREATMENT OF LESIONS
PRODUCED BY MITOCHONDRIAL TOXINS: IMPLICATIONS FOR
NEURODEGENERATIVE DISEASES. M. F. Beal*. M.T. Matthews. D.R.
Henshaw and J.B. Schulz. Neurochemistry Laboratory, Neurology Service,
Massachusetts General Hospital, Boston, MA 02114.
Neuronal death in neurodegenerative diseases may involve energy
impairment leading to secondary excitotoxicity, and free radical generation.
Potential therapies for the treatment of neurodegenerative diseases therefore
include glutamate release blockers, excitatory amino acid receptor antagonists,
agents to improve mitochondrial function and free radical scavengers. In the
present study we examined whether these strategies either alone or in
combination had neuroprotective effects against striatal lesions produced by
mitochondrial toxins. The glutamate release blockers lamotrigine and
BW1003C87 significantly attenuated lesions produced by intrastriatal
administration of 1-methyl-4-phenylpyridinium (MPP+).
Lamotrigine
significantly attenuated lesions produced by systemic administration of 3nitropropionic acid (3-NP). Memantine, an N-methyl-D-aspartate (NMDA)
antagonist, protected against malonate induced striatal lesions. We previously
found that coenzyme Q io and nicotinamide, and the free radical spin trap n-tertbutyl a-(2-sulfophenyl)-nitrone (S-PBN) dose-dependently protect against
lesions produced by intrastriatal injection of malonate. In the present study we
found that the combination of either lamotrigine or MK-801 with coenzyme Q jo
exerted additive neuroprotective effects against malonate. Lastly the
combination of nicotinamide with S-PBN was more effective than either agent
alone. These results provide further evidence that glutamate release inhibitors
and NMDA antagonists can protect against secondary excitotoxic lesions m
vivo. Furthermore they show that combinations of agents which act at
sequential steps in the neurodegenerative process can produce additive
neuroprotective effects.

EXCITOTOXIC DEGENERATION OF MOTOR NEURONS RESEMBLES
THAT SEEN IN SOD-1 TRANSGENIC MICE. J.W. Olnev*. C. Ikonomidou. G.J.
Wang. Y.O. Pin and M.T. Price: 'Washington Univ. Med. Sch, St. Louis, MO.
Following the discovery that patients with familial amyotrophic lateral
sclerosis have a gene defect at a locus that encodes superoxide dysmutase 1 (SOD11, several groups have developed SOD1 transgenic mice and have observed that
these mice at 5 to 8 wks of age display spontaneous onset of paralysis and motor
neuron degeneration, which involves vacuole formation in cell txxlies and processes
and swelling of the proximal axonal segment. Because other lines of evidence have
implicated an excitotoxic mechanism in motor neuron degeneration in ALS, the
question arises whether the morphological changes described in the SOD mutant
mice are consistent with an excitotoxic process. To address this question, we have
undertaken studies aimed at providing an accurate description of excitotoxic
degeneration of spinal motor neurons. The excitatory amino add agonists, DLhomocysteic add (DL-HCA) or kainic acid (KA), when given systemically to infant
rats or when applied directly to the exposed lumbar cord following posterior
laminectomy of 21 day old rats, cause excitotoxic degeneration of motor neurons.
DL-HCA is a mixed agonist that acts at both NMDA and non-NMDA receptors
whereas KA acts only at non-NMDA receptors. The pathological changes in motor
neurons following either DL-IICA or KA treatment were studied by both light and
electron microscopy and consisted of intracytoplasmic vacuole formation and dark
cell changes in which the entire motor neuron, except the vacuoles, gradually became
condensed and shrunken. These changes occurred within the first 2 hrs after
exposure to the exdtotoxin and were accompanied by changes in the proximal
axonal segment consisting of swelling of the proximal myelin sheath with
accompanying changes in axoplasmic constituents. Degenerative changes in more
distal parts of the axons developed over a 12-24 hr period. We conclude that on the
basis of purely morphological criteria, the spontaneous degenerative process
affecting motor neurons of SOD-1 transgenic mice is consistent in appearance and
time course with degeneration induced by exposure to exdtotoxin agonists.
Supported by AG 11355 and RSA MH 38894 (JWO).

685.9

685.10

BCL-2 GENE THERAPY IN TRANSGENIC MICE EXPRESSING HUMAN
SUPEROXIDE DISMUTASE I WITH A MUTATION LINKED TO FAMILIAL
AMYOTROPHIC LATERAL SCLEROSIS. D.R. Borchelt*1, P . C. Wong1,
C.A. Pardo1, J. Rothstein2, N.G. Copeland3. N.A. Jenkins3, S.J.
Korsmever*. D.W, Cleveland5, D.L, Price^6, and D, Merry7, Dept, of
1 Pathology, 2Neurology, and 6Neuroscience, The Johns Hopkins Univ,
School of Medicine, Balt., MD 21205; 3National Cancer Institute,
Frederick, MD; 4Washington Univ., St. Louis, MO.; 5_udwig Inst, for
Cancer Research and Dept, of Neuroscience, Univ. of Calif. San Diego,
CA 92093; 7Univ, of Pennsylvania, Philadelphia, PA.
We have generated several lines of transgenic mice expressing human
(Hu) superoxide dismutase I (SOD1) with a mutation (glycine 37 to
arginine - G37R) that causes familial amyotrophic lateral sclerosis (FALS).
These animals develop motor neuron disease; the age of onset, duration,
and age at death are strongly dependent upon the dose of the mutant
protein. Several investigations have shown that expression of the
protooncogene Bcl-2 can protect neural cells from a variety of insults. To
determine whether Bcl-2 is protective against the injury caused by mutant
SOD1, transgenic mice expressing the G37R mutant were mated to mice
expressing human Bcl-2 driven by the human neurofilament-L (NF-L)
promoter; HuBcl-2 accumulates to 5-10 times the level of endogenous
mouse Bcl-2 in these mice. In the lines of mice expressing the highest
level of mutant SOD1 [G37R(42)j, little if any delay in the age of onset of
disease was observed in the presence of elevated human Bcl-2. We are
presently examining additional parameters, including the duration of the
disease and the pathological appearance of affected neurons. Whether
Bcl-2 will alter the age of onset or duration of disease in animals with a
lower dose of mutant SOD1 is also being examined.

A SPECIFIC HUMORAL RESPONSE TO A NOVEL OLIGODENDROCYTESPECIFIC PROTEIN IN PATIENTS WITH RELAPSING MULTIPLE
SCLEROSIS. Bronstein JM*. Seitz RS. Lallone R Harrington WT, Rosenblatt J.
Ellison GW. Mvers LW.. Department of Neurology, UCLA School of Medicine,
Los Angeles, CA 90024, Research Genetics, Birmingham, AL 35209, and U of
Miami School of Medine, FL 33101.
We have recently described a novel oligodendrocyte-specific protein (OSP)
found only in CNS myelin. To determine if there is a humoral response to OSP in
patients with multiple sclerosis (MS), we performed Western blot analysis and
enzyme-linked immunoabsorbent assay (ELISA) on CSF samples. Using human
brain homogenate and recombinant mouse OSP as antigens, Western blots
demonstrated anti-OSP antibodies in 6 of 6 CSF samples of relapsing remitting
MS patients. Peptide mapping of the entire protein was performed and 2
peptides were identified that reacted strongly with pooled CSF of MS and control
patients.
One of these peptides was used for ELISA to determine anti-OSP
titers. Twenty-four of 30 (80%) of CSF samples from relapsing remitting MS
patients (stable for at least 1 month) had ELISA optical density units of > 0.55
(mean ± SD, 0.74 ±.35). Zero of 8 CSF samples from HTLV-I associated
myelopathy (HAM) patients (0.29 ± .17) and 0 of 9 normal controls (0.33 ± .09)
had values above 0.55 units. In CSF from chronic progressive MS (CP) patients,
2 of 10 samples had values above 0.55 units (0.39 ±.32). No antibody reaction
was observed using several other peptides as antigens. These data demonstrate

that anti-OSP antibodies are present in significant titers in CSF of the majority of
relapsing MS patients, fewer CP patients, and none of the normal or HAM
control samples. Further investigation is necessary to determine the role these
antibodies play in the pathogenisis of MS or their usefulness as a diagnostic
test.

685.12

685.11
POTENTIAL INVOLVEMENT OF THE PROTEIN KINASE C PATHWAY
IN HIV-1 ASSOCIATED NERVOUS SYSTEM ALTERATIONS. T. WvssCorav*. E. Masliah. S. M. Toeeas. H. S. Lee and L. Mucke. Dep. of
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037, and
Depts. of Neurosciences and Pathology, UCSD, La Jolla, CA 92093-0624
HIV-1 associated central nervous system (CNS) disease involves
neuronal damage and prominent reactive astrocytosis, the latter being
characterized by strong upregulation of the glial fibrillary acidic protein
(GFAP) in astrocytes. Similar alterations are found in transgenic (tg) mice
expressing the Hi V-1 envelope protein gpl20 in the CNS (Toggas et al., Nature

367:188-193). Because alterations of astrocyte functions could contribute to
neuronal impairment we compared brains of gpl20 tg mice and gpl20transfected C6 astrocytoma cells with controls, and found that gpl20 induced a
prominent elevation of steady state GFAP mRNA levels, due primarily to
transcript stabilization. Increased levels of GFAP mRNA were also induced in
non-transfected C6 cells by exposure to recombinant gpl20. Gpl20 effects were

significantly decreased by inhibitors of protein kinase C (PKC) but not by
inhibitors of protein kinase A. PKC activity was upmodulated in gpl20
transfected C6 cells and in the CNS of gpl20 transgenic mice. Further, brain
tissue from patients with HIV-1 encephalitis and from gpl20 transgenic mice
showed increased PKC immunoreactivity. Taken together, these results indicate
that gpl20-induced increases in PKC activity may contribute to the gliosis seen
in gpl20 transgenic mice as well as in HTV-1 infected humans and raise the
question of whether dysregulation of signal transduction pathways represents a
general mechanism of HIV-associated pathogenesis.
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NEURONAL CELL DEATH IN PRION DISEASE
H.A. Aretzschrnhm.D.R, Brown, A. Giese. J. Herms
Institut fur Neuropatholngie der Universitat Gottingen, 37075 Gottingen, Germany
Neuronal degeneration and cell death are among the most important features
of prion diseases, the mechanisms of which are only poorly understood, Our
studies so far have been focused on two questions. First, what mechanisms are
involved in neurotoxicity of the prion protein (PrP) or synthetic peptides thereof?
Second, is cell death in prion diseases mediated by mechanisms of apoptosis?
Neuronal cell death in prion diseases was studied in three experimental systems.
I. DNA fragmentation and morphology of cell death in mice infected with the
scrapie strain 79A.
2, The effect of PrP 106-126, a synthetic peptide corresponding to amino acids
106 to 126 of PrP, on cultures of cortical cells from embryonic day 16 mice.
3. The effect of PrP 106-126 on cultures of cortical cells from embryonic day 16
PrP"0 mice (PrP knock-out mice).
Cell death in the 79A scrapie strain in C57 mice was studied using in situ end
labeling (ISEL), and light and electron microscopy. Our results show that
apoptosis occurs in an experimental scrapie system in vivo. In this system
apoptosis is observed particularly in the outer nuclear layer of the retina and the
granule cell layer of the cerebellum. In cell culture experiments we showed that
PrP 106-126 is toxic to cortical cells from embryonic day 16 mice. PrP 106-126
has no neurotoxic effect on cortical cells from knock-out mice, This is the first
difference between neurons from normal and from knock-out mice observed by
us, since using patch-clamp analysis we were unable to confirm differences in
the synaptic transmission beween normal and knock-out neurons in the
cerebellum. In addition, our results show that the neurotoxicity of PrP 106-126
can be blocked with MK801 and verapamil indicating that it is mediated by
intracellular Ca++ increase,
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686.2

SENSORY TRANSDUCTION IN THE VOMERONASAL ORGAN: IONIC
CURRENTS OF DISSOCIATED MOUSE RECEPTOR NEURONS. E. R. Liman
and D. P. Corev*. Howard Hughes Medical Institute and Massachusetts General
Hospital, Boston MA, 02114.
We are investigating the mechanism of sensory transduction in the vomeronasal
organ (VNO). The VNO is located at the base of the rostral portion of the nasal
cavity and contains chemosensory neurons that are thought to respond to
pheromones.
While signaling pathways have been elucidated for olfactory
transduction, they have not been for the VNO. There are several reasons to believe
that transduction may be different in the two systems. For example, cilia- the site
of transduction in olfactory neurons- are not present on VNO neurons; VNO
neurons instead bear microvilli.
We have developed a protocol for preparing dissociated mouse VNO neurons that
yields high numbers of relatively intact cells. The diameter of the VNO neuron
cell body is 11.2 ± 0.4 (tm (n=12), which is considerably larger than that of
olfactory neurons (5-8 pm). A dendritic process is evident that ranges in length
from a 2 to more than 30 pm and ends in a tuft of microvilli.
As a first step towards understanding transduction, we are using whole cell patch
clamp recording to characterize voltage-activated conductances. In experiments
with Cs + in the pipette, inward Na + currents were first evident with voltage steps
to -50 mV and reached a peak at " +10 mV. The currents were half inactivated by
a prepulse to -67 ± 3 mV (n=5), similar to rat olfactory Na+ currents. TTX, at a
concentration of 300 nM, blocked 54 ± 9 % (n=5) of the current. We have also
recorded K+ and Ca+ + currents and are in the process of characterizing them.
We have begun to investigate whether VNO neurons express cyclic-nucleotidegated channels. We have found no positive evidence for the presence of cyclic
nucleotide gated channels either by excised patch recording or intracellular dialysis
with cyclic nucleotides and are in the process of confirming these results.

GLUCOCORTICOID (TYPE II) RECEPTORS IN THE MAMMALIAN
OLFACTORY MUCOSA: RU 28362 BINDING SITES. R.C. Kem1. J.D. Foster2
and D.Z. Pitovski1* ‘Dept, of Otolaryngology - Head and Neck Surgery,
Northwestern University, Chicago, IL 60201, Tppt of Anatomy and Cell Biology,
Meharry Medical College, Nashville, TN 37208.
The synthetic corticosteroids are the most frequently prescribed medications for
olfactory disorders despite the fact that their mechanism of action within the
olfactory system is unknown. Recently, a series of studies was initiated to gain
insight into the mechanism of coticosteroid action on the olfactory mucosa. In this
current study, we have focused on the binding characteristics of the glucocorticoid
(type II) receptor.
The synthetic glucocorticoid 3H-RU 28362, which has negligible binding to
mineralocorticoid (type I) receptors (Philibert et al., Annu. Meet. Endocrine Soc.
65th, 1983, p 335), was employed to identify high-affinity glucocorticoid (type II)
receptors in the olfactory mucosa. By Scatchard plot analysis, the K, of the [3H]-RU
28362-cytopIasmic receptor complex was 2.2 x 10"* M, while the concentration of
binding sites, Bmiu, was 180 fmol/mg dry tissue. Time course studies indicated that
the binding of [3H]-RU 28362 by the olfactory tissues reached equilibrium within
30 min of incubation at 25 °C.
Substantial specific [3H]-RU 28362 binding to the olfactory tissues suggests the
presence of glucocorticoid receptors and sites of glucocorticoid action in the
olfactory mucosa.
(Supported by Northwestern University Research Fund and NIH CIDA DC00046)

686.3

686.4

1MMUNOHISTOCHEMICAL LOCALIZATION OF GLUCOCORTICOID
(TYPE II) RECEPTOR DM THE MAMMALIAN OLFACTORY MUCOSA. J.D.
Foster1*. R.C. Kern2, and D.Z. Pitovski2 ‘Dept. of Anatomy and Cell Biology,
Meharry Medical College, Nashville, TN 37208,2Dept. of Otolaryngology - Head
and Neck Surgery, Northwestern University Medical School, Chicago, IL 60201.
Immunohistochemical localization of glucocorticoid (type II) receptor in the
mammalian olfactory mucosa was examined by utilization of an affinity-purified
antibody raised against a glucocorticoid receptor protein. Immunoreactivity was
associated with the acinar cells of Bowman's glands located in the lamina propria.
In addition, the olfactory nerve axons were also immunoreactive. Within the
olfactory epithelium, immunoreactivity for this receptor was also observed, which
by location corresponds to sustentacular cells and/or olfactory receptor cells.
There was no immunocytochemical staining when the antibody for the
glucocorticoid receptor was omitted from the primary incubation medium.
The differential distribution of glucocorticoid receptors in the olfactory mucosa
resembles the pattern of localization ofmineralocorticoid (type I) receptors (Foster
et al., Assoc. Res. Otolaryngol. Abstr. 17:33, 1994, Foster et al., Soc. Neurosci.
Abstr., 20: 1473, 1994; Kem et al., Assoc. Res. Otolaryngol. Abstr. 18:649,
1994) and Na, K -ATPase (Kem et. al., Brain Res., 546:8-17, 1991; Foster et al.,
Assoc. Res. Otolaryngol. Abstr. 17::^2^, 1995) observed in previous studies. The
distinctive cell localization of the glucocorticoid receptor in the olfactory mucosa
suggests a role of glucocorticoid hormones in regulating the function of these cells.
(Supported by Northwestern University Research Fund and NIH CEDA
DC00046)

MODULES FOR MOLECULES? TOPOGRAPHICAL ORGANIZATION OF THE
ZEBRAFISH OLFACTORY SYSTEM.
F. Weth. H. Baier and S. Korsching*. Max Planck Institute for Developmental
Biology, D-72076 Tubingen, Germany.

Wr arr ievrstigatiog thr principlds gyvdbning thr primary
rdpresdotdtiyo of oTor infybmdtiyn m thr olfactory dpitPdlium aeT thr
olfactory bulb. To this mT, wr arr dodlyzing thr primary olfactory
systrm of thr zdbraNisP, Danio rerio, by a cymbindtiyn of dxyndl tbdcing
dnT in situ PybriTizdtiyn.
Wr injdctda
iTdotiNidT glymdbulus with Dil to tracr back olfactory
nduryns cynndctdT to it. Thr ldbdldd nduryns arr wiTrly scatt^rT ovdb
thr smso^ surfacr without apparmt topographical orTm Hywdvdr, thr
relativr position of thr retrogradely lab^lrT ndUbyns arr oot complrtsly
rdnTym, as juTgrT from mddsuring ndabest-ndigPbyr distdncds. Rathr^
spacmg is ybsdrvdT; Olfactory nduryns projectmg to thr samr targrt sitr
krrp a mmimum Tistaocr of roughly tm crll didmdtdbs from rach oth^
As thr spacieg is umqur to nduryns tdrmindting m thr samr glymr^bulus,
it shoulT br usrful as ae indicdtyr of commoo projectiyn.
CIoos T ydybaot bdcdptyr molrcu^ of thr zdbrdNisP bdlyng to a gr^
family of lrss thao 50 mrmbrrs aoT arr homologous to thr^ mammaliao
couotrrparts. As revralrT by in situ PybriTizdtiyo, individudl recrptors
arr dxprdssdT by a small subsrt of srosory nduryns, which arr wiTrly
scattrrrT ovsr thr olfactory sp^rRum. Wr arr curreotly aoalyziog thr
nddrdst-ndigPbyr distaecds of crlls rxpressmg mynyalldlic sioglr copy
recrptor gross. If thrir Tistributioo coofirms thr spacmg rulr ybtaindd
from retrograTr traciog, this woulT ioTicatr a commoo pbojectiyo. Ie a
morr Tirect approach, wr attempt to Tyubld-ldbdl olfactory eduryes by
rrtrograTr labelmg aeT in situ PybriTizdtiyo.
Ref:

686.5

ACTIONS OF CARBON MONOXIDE AND CYCLIC GMP ON ODOR
RESPONSES OF ISOLATED OLFACTORY RECEPTOR CELLS. F. Zufall*.
G. MM>hept^<?rd and T. Leinders-Zufall. Section of Neurubiology, Yale University
School yf MsTicies, Nsw Havre, CT.
TPebt is iocbeasieg rviTrecr supportieg thr lUoctioe of carboe moeoxiTr (CO) as a
Tiffasiblr mrssregrr ie thr vrrtrbratr olfactory systrm. CO cae act as a potret activator of olfactory cyclic euclrytiTr-gatdr (CNG) chawr^ by stimulatieg cGMP formatioe ie olfdctyby recrptor eraboes (ORNs) aoT this rffrct proviTrs a sresitivr
mrchaeism for regulatieg rxcitablr properties of ORNs (LrioTdrs-ZafdJl rt al, this
mrdtiog). Hrnr wr havr dXdmindT thr intdractiyn of thr CO-ieTucrT cGMP pathway
with thr oTor-stimulatrT G-protrie couplsT cAMP pathway aeT trstrd wh^rr this
CO/cGMP systrm cae ieflurecr thr respoesiveeess of ORNs to oTor stimulatioe.
OTor respoeses from sieglr salamandsr ORNs wrre obtaieM usieg thr prrfybatrd
patch techeiqur. This prrmittrT rrcorTieg of both
mrmbraer currrets
aeT mrmbraee potretials so that sresory grerrator curreets at the ieput lrvrl of thr
crll coulT be relatrT to actioe poteeTa Tischargrs at the output lrvrl of thr crlls.
ORNs that wrrr voltagr clampST to thrir restieg potretial respyeTsd with transiret
iewarT carrevts to short pulsrs of oTor stimuli. Ie coetrast micromolar Tosss of CO
ieTucrT lyvg-lastivg toeic iewarT curreets. Rrcyvrry from this CO rffrct was oe thr
timr scalr of mieutrs. Whre yTyb-inducsT transiret curreets wrrr trstrT Turing thr
lyog-lastieg CO-ieTucrT curreets, thr oTor respoeses wrrr markeTly dimivishsd.
This rffrct coulT be mimickrT by low Toses of 8-br-cGMP. neTM- currret clamp
cyoTitiyos oTor pulsrs ieTucrT Trpoldriziog rrcrptyb potretials lraTieg to transiret actioe potretial discPdrgrs. Micromolar Tosss of CO ieTuceT loeg-lastieg drpolarizdtioes that myTuldtrT thr spikr Tischargr pattere ieTucrT by oTor pulsrs rssultivg ie
most casrs ie a reTuctioe of thr firieg rate. Our results ieTicate that thr preseecr of
CO lraTs to sdvrrdl discbsts chaegrs ie thr sigealmg proprrties of ORNs which,
takm mgrth^, stroegly mflurece oTor rrspoesivrerss of thr crlls. SupportsT by
greets from NIDCD (F.Z.) aeT from NIDCD aeT NIMH, NASA aeT NIDCD
(Humae Braie Projrct) (G.M.S.).
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J. Neurosci. 14, 219-230 (1994), Proc. Natl. Acad. Sci. 91, 11646-50 (1994).

6816.6

LOCALIZATION OF GLYCINE RECEPTORS AND GEPHYRIN IN
THE RAT OLFACTORY BULB.

M. Sso<i-Pogyeno1ti. M. Giueaettoti J. Kires-i2. and DDCCtino1. 1 Drnt of
Humae Aoatomy aM Physiology, Ueiv. of Turio, 1-10126 Turie, Italy, ^MaxPlaock-Iestituts for Braie RssddbcP, D-60528 Fraekfurt a.M., Grrmaoy.
Thr localizatioe of glycies rrcrptors (GlyRs) aeT thr GlyR-associatrT protrie
gsphyrio was ievsstigatsT ie thr rat ylNactyry bulb (OB), usiog
immuoycytycPsmistby. Thr myeyclyeal aetiboTy (mAb) 4a, which cao
recogoizr all of thr koowo GlyR subuoits (al-3 , B), proTucrT a Tiffusr staioieg
io mitral aeT tuftsT crlls, as wsll as a puoctats staioiog io thr glomsruli.
AccorTiog to previous in situ Pybridizdtiyn Tata (Malosio et al., EMBO J.,
1991), wr assums that this staieiog reflscts thr preseocr of thr B subuoit of thr
GlyR. Surprisiogly, slsctroo microscopy showST that somr of thr prssumsT
glutamdtsrgic syoapses maTs by olfactory esrvs tsrmioals oeto thr TseTritss of
mitral/tutsT crlls wrrr immunypysitivs.
mAb 2b, which is specific for thr strychnine-sensitivs al subuoit, proTucrT
oo immunyrsdctivity io thr OBs of aTult aM youog (P3, P10) rats. Therefore,
wr coecluTs that thr al subuoit is eot sxprrsssT io thr OB.
mAb 7a, which is spscilic for gsphyrio, proTuceT a stroog puectats labellieg
io thr rxtsroal ptexform laysr aod ie thr glomsruli. Immunyrsactivs puetcta
outliesT thr crll boTirs aeT mam dsndritss of mitral amT tuftsT crlls. Elsctroe
microscopy showsT that gsphyrio is presrot io thr syeapsss maTs by local
intsrnsubyns (psriglymsrular aeT graouls crlls) with thr TsoTritrs of
mitral/tuftsT crlls. Sioce maoy pdriglymdruldb aeT greede crlls usr GABA as a
nsurytransmittsr, it is liksly that io thr OB, as io thr rstioa (SdssNt-Pognstty et
al., J. Comp. Nswor, 1995), gsphyrio might bs localizsT to GABArrgic
syeapsss.
(StuTy supportsT by M.U.R.S.T. 40% aeT 60%, C.N.R ).
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686.7
INTERACTIONS BETWEEN OLFACTORY BULB AND
OLFACTORY CORTEX IN A NEURAL MODEL OF ODOR
PROCESSING. Christiane Linster+W. Michael E. HasselmoP) and
Remi Gervais (2) (1) Dept. Psych., Harvard Univ., Cambridge MA 02138 (2)

Lab. de Physiologie Neurosensorielle, CNRS, 69622 Villeurbanne.
Cholinergic modulation has been shown to have effects at various levels of the
mammalian olfactory system. Behavioral studies have shown that cholinergic
modulation is involved in olfactory short tarm memory in the olfactory bulb, as well
as in olfactory learning in higher structures. Physiological experiments show the
effect of cholinergic modulation on synaptic transmission in the olfactory bulb (OB)
(Elaagouby et al., Neurosci., 56, 1991) and in the piriform cortex (PC) (Hasselmo ,
Brain. Res. 67, 1995). We have currently implemented biophysical simulations of
the OB (Linster and Gervais, submitted) and the PC, both exhibiting realistic
population dynamics (rapid field potential (FP) oscillations around 50-60 Hz in the
OB as well as slow (3-8 Hz) and rapid (50-60 Hz) FP oscillations in the PC) and
realistic single neuron responses (spontaneously and in response to olfactory input)
(see Figure).
These models now allow us to
investigate (i) the dynamic
interactions between OB output
FP
neurons and the feedback of PC
onto OB interneurons, (ii)
synchronization of mitral cell
spike trains synapsing on
Granule,,
common pyramidal cells, (iii)
effects of neuromodulator in
both layers and (iv) synaptic
changes related to odor
processing.
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686.8

FLAVOR AND THE FRONTAL CORTEX. R. Schul1, Y. Dudai1, and B.M.
Slotnick*2 1 Dept. of Neurobiology, The Weizmann Institute of Science, Rehovot,
Israel, 2Dept. of Psychology, The American University, Washington, D.C., USA

Several lines of evidence indicate that orbitofrontal or insular cortex may be
involved in the integration of odor and taste, the intraoral combination of which
produces the perception of flavor. To assess this, rats were first trained using
operant conditioning to respond at a high rate when they received a solution of
NaCI and amyl acetate and to inhibit responding when only the odor or only the
taste component was delivered. Concentrations of the stimuli were varied so that
intensity could not be used as a discriminative cue. The maximum concentration of
amyl acetate was below gustatory threshold as determined in tests with normal and
olfactory bubectom^ed rats. After training, experimental rats (n=4) received a
unilateral olfactory bulbectomy, transection of the anterior limb of the anterior
commissure and removal of the contralateral frontal cortex. Thus, these rats had no
olfactory input to one hemisphere and no gustatory input to cortex in the
contralateral hemisphere. Control rats received no surgery (n=5) or had all lesions
in the same hemisphere (n=5). All controls showed good retention or rapid
reacquisition of the flavor discrimination task and differences between operated and
non-operated controls were not significant. In contrast, experimental rats had no
retention of the task and showed no or only modest improvement in performance
even after extensive retraining. In additional tests, all rats were able to discriminate
the odor and taste component stimuli from water. These data suggest that there is
a convergence of gustatory and olfactory input to frontal cortex which is essential
for the integration of taste and smell. (Supported by a grant from the US-lsrael
Binational Science Foundation, Jerusalem to Y.D. and B.M.S.)

686.10

686.9
TASTE NEURONS IN INSULAR-OPERCULAR CORTEX OF THE ALERT
CYNOMOLGUS MONKEY. Thomas R. Scott* and C.R. Plata-Salaimm .
Departments of Psychology and Biology and Program in Neuroscience, University of
Delaware, Newark, DE 19716.
Primary gustatory cortex in the macaque is located in frontal operculum (FO) and
adjoining anterior insula (Al). Here we report on the characteristics of tasteresponsive neurons in this area. Taste cells constituted 5 % of the neurons whose
response properties were investigated. They occupied an area extending 4 mm
posteriorly from the junction of orbitofrontal cortex with the FO, 3 mm
mediolaterally, and 7 mm in. the dorsoventral plane. Most action potentials were
only 200-500 fiV. The mean spontaneous rate was 3.9±4.9 spikes/sec. There was
no indication of chemotopic organization in the gustatory cortex. Of 364 tasteresponsive neurons, glucose was the most effective of the basic stimuli for 39%
(n= 142), NaCl for 29% (n= 107), quinine for 20% (n=74) and HC1 for 13%
(n=49). Neurons most responsive to glucose and NaCl were more narrowly tuned
(p < 0.01) than those sensitive to quinine and HC1. Across all stimuli, the ratio of
excitatory to inhibitory responses was about 10:1. The mean response across all
cells rose monotonically with increasing stimulus intensity, but the slopes of
intensity-response functions were lower than those from human psychophysical
studies. When slopes were calculated exclusively from the responses of cells in the
appropriate subgroup, however, they matched intensity-response functions from
humans. Thus, perception of the four basic taste stimuli is probably carried by the
subgroup of neurons most sensitive to a particular quality, rather than by the
responses of all cells. An analysis of patterns of activity evoked by a wide range of
stimuli indicated that taste quality coding in the macaque is quite similar to that in
human.
Supported by a research grant from the NSF.

TESTOSTERONE DIFFERENTIALLY REGULATES PHEROMONE INDUCED
FOS EXPRESSION IN LlMBlC REGIONS OF MALE AND FEMALE SYRIAN
HAMSTERS. J.M. Fiber* and J.M. Swann. Institute of Animal Behavior and
Dept. of Biological Sciences, Rutgers University, Newark, NJ 07102.
Exposure to female hamster vaginal secretions (FHVS) specifically induces Fos
expression in the posteromedial subdivision of the bed nucleus of the stria
terminalis (BNSTpm), the posterior subdivision of the medial nucleus of the
amygdala (MeP), and the magnocellular subdivision of the medial preoptic nucleus
(MPNmag) of male hamsters. We have also previously reported a sex difference Fos
expression in these regions after FHVS exposure. In the present study we sought to
determine the role of testosterone in regulating pheromone induced Fos expression
in both males and females.
Adult male and female hamsters were gonadectomized and treated with a 20mm
testosterone capsule (TC) or with an empty capsule (EC). Twelve weeks later,
animals were exposed to FHVS or given no stimulus (controls). Brain tissue was
processed for Fos immunocytochemistry.
Our results indicate a sex difference in testosterone regulation of pheromone
stimulated Fos expression in the BNSTpm, MeP, and MPNmag. Males +TC (n =
5) show a greater number of Fos immunoreactive cells (IR) within the MPNmag
than females +TC (n = 5) or females + EC (n= 4); males + EC (n = 5); and all
control groups (n =3 for each group) (p > .01). Both the BNSTpm and MeP show
FHVS induced Fos expression in males + TC and + EC above that of controls and
FHVS exposed females + EC (p < .01). In FHVS exposed females + EC, the
BNSTpm and the MeP are not stimulated to express Fos above controls, however
testosterone acts in females to reverse this effect (p < .01). Thus, circulating
testosterone influences pheromone stimulated Fos in the BNSTpm and MeP of
females, and in the MPNmag of males. These differences in pheromone stimulated
Fos IR implicate these brain regions in subserving testosterone regulated behavioral
sex differences in response to exposure to FHVS.
Supported by NlCHHD R29-28467 and Rutgers University Research Council
Grant to JMS and a Sigma Xi award to JMF.
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687.1
MORPHOGENESIS OF AN IDENTIFIED MOTONEURON IN RESPONSE TO
TARGET MANIPULATION. J.J. Fernandes and H. Keshishian*. Biology Dept., Yale
University, New Haven, CT 06520.
We are examining nerve-muscle interactions during the development of the six adult
Dorsal Longitudinal flight Muscles (DLMs) of Drosophila. The fibers develop during
metamorphosis from three persistent larval muscles, and are innervated by 5
motoneurons. The two most dorsal fibers (DLMs e and f) are innervated by a single
motoneuron, MN5. Using intracellular Lucifer yellow dye fills, we examined the targetdependence of MN5's development during metamorphosis (from 18-36h APF; after
puparium formation). The peripheral synaptic arbor is confined to muscle fibers e and
f throughout the stages examined, and corresponds to the entire component
previously characterized by anti-HRP. In the CNS, the dendritic arbor arises about 1012 hrs after the differentiation of the peripheral motor endings, indicating that they do
not develop in synchrony. Dendrites appear at 26h APF, at a time when the peripheral
arborization on the muscle fibers is well elaborated. We next examined the effects of
muscle fiber deprivation/alteration on MN5. Following laser ablation of the larval
template for DLMs e and f, adult fibers develop de novo, although in a delayed
fashion. Innervation to these fibers is corresponding delayed (Fernandes et al, Soc.
Neurosci. Abst. ‘94). In the CNS we did not observe any effect on the dendritic arbors
during stages 26-30h APF. We are further examining CNS arbor development at
earlier stages to determine whether this neuronal compartment is altered in response
to peripheral delays. Target deprivations lead to ectopic motor endings made onto the
remaining fibers, as observed using anti-HRP. Our dye fills show that MN5 can be the
source of these ectopc synapses. These results show that timing of MN5 motor
ending development is closely tied to the developmental state of the innervated
muscle fibers, and that this compartment of the neuron develops under local cues.
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687.2
The Drosophila mutation Passover alters gap junction function in the
Giant Fiber pathway
Yi-an Sun* and R. J. Wyman.
Department of Biology, Yale University, New Haven, CT 06511
Mutations of the Drosophila gene Passover and of a C. elegans homolog,
unc-7, alter specific electrical synapses in their respective organisms. The
proteins made by these genes (Cell 73:967-977; Genetics 133:527-541), and
several other sequence similar genes, may have a structure similar to the
gap junction structural molecule, connexin (Trends in Genetics 10:303).
In Drosophila, an electrical synapse connects the Giant Fiber (GF) and
the tergotrochanteral motoneuron (TTMn) (J. Neurophys. 44:405; J.
Neurocytol. 9:753). In flies mutant or the Passover gene, the synapse is
abnormal. In this report, we show that the Giant Fiber also makes electrical
synapses with a commissural tract in the brain. In Pas flies, the synapses
connecting the Giant Fiber to the TTMn and the commissure are either
absent or malfunctional.
We injected cobalt and HRP into the TTM muscle and into the
mesothorax. The giant fibers ascend to the brain from the cervical
connective and then fan out in a dorsolateral trajectory. In wild type, but
not in Pas, cobalt passes from the fingers of the GF's fan through gap
junctions into several fibers of a commissure just dorsal to the esophagus.
The commissure fibers connect the two GFs to each other. HRP, which
does not pass gap junctions, does not pass into the commissure fibers.
Cobalt also passes from the TTMn to the GF in wild-type, but not in .Pas.
We conclude that the gap junctions in these two electric synapse are
malfunctional in Pas. Supported by NIH NS-07314; NSF IBN-9213387.
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687.3

687.4

ROLE OF MOTOR NEURON GAP JUNCTIONAL COUPLING IN
NEUROMUSCULAR SYNAPSE ELIMINATION. R.J. Balice-Gordon*. J. Pines
and S. Blumenthal. Dept. Biology, Univ. of Penn., Phila., PA 19104-6018.
During development and adult reinnervation, transient multiple innervation of
neuromuscular junctions is followed by a period of synapse elimination which
continues until single innervation is established. We are interested in
understanding the modulation of this process by activity. Synchronous activity
among the different inputs to a neuromuscular junction, perhaps mediated by
transient electrical coupling among motor neurons, may be important for the
establishment and transient maintenance of multiple innervation, while
asynchronous activity among synapses may lead to synapse elimination. To
begin to evaluate this hypothesis, we used immunohistochemistry to show that
before and at birth, ca. 80% of the motor neurons in the mouse lumbar spinal
cord express the gap junction protein cx32 (antibody provided by Dr. D. Paul.).
Intracellular recording has shown that motor neurons are electrotonically coupled
during this time (c.f. Fulton & Walton, 1986). The percentage of motor neurons
expressing cx32 declined after birth until by PI4, as in adults, few if any positive
motor neurons were detected. Similar results were obtained from the
stemomastoid motor pool. Given that multiple innervation is transiently
recapitulated during adult reinnervation, we used cx32 immunohistochemistry to
determine whether gap junction proteins are re-expressed in adult motor neurons
following double nerve crush. One week after crush, when multiple innervation
is widespread, ca. 70% of motor neurons ipsilateral to the crush stained
positively. Two weeks after crush, when synapse elimination is underway,'50%
of motor neurons were positive; four weeks after crush, when single innervation
is re-established, less than 10% of motor neurons were positive. In both
development and adult reinnervation, cx32 expression in motor neurons was the
most widespread during the time multiple innervation is present, and both
disappeared with a similar time course. We are using physiological methods to
characterize the extent of electrotonic coupling and the synchrony of activity
among motor neurons during development and reinnervation.

IN VIVO EXAMINATION OF ACETYLCHOLINE RECEPTOR TURNOVER IN

687.5
NEURONAL AGRIN INDUCES LATE AS WELL AS EARLY EVENTS IN
POSTSYNAPTIC APPARATUS FORMATION IN DENERVATED MAMMALIAN
SKELETAL MUSCLES. I. Cohen. M. Rimer. T. Lomo. C.R. Slater and UJ.
McMahan*. Dept, of Neurobiology, Stanford Univ. Sch. of Med., Stanford, CA
94305.
Evidence derived mainly from in vitro experiments has led to the hypothesis that
agrin released from motor axon terminals directs the initial events of postsynaptic
apparatus formation at developing neuromuscular junctions by inducing myotubes to
make local aggregates of AChRs and AChE and certain other proteins. Determining
by in vitro studies whether agrin induces later events such as the formation of
junctional folds and the accumulation of myonuclei is made difficult by the low
survival rate and uncertain behavior of myotubes maintained for prolonged periods in
culture medium. An in vivo preparation that may permit a detailed analysis of
neuronal agrin's role in all aspects of postsynaptic apparatus formation is the
denervated adult rat soleus muscle, in which myofibers are competent to form
postsynaptic apparatus throughout much of their length. We injected cDNA coding
for neuronal agrin into the extrajunctional re-gions of such muscles. The cDNA
included a region encoding signal sequence to direct the protein into the myofibers'
secretory pathway. By 7d, muscle fibers expressing n-agrin and those adjacent to them
had on their surface colocalized aggregates of AChR, AChE and several other
postsynaptic proteins as detected by immunofluorescence microscopy. By 6wks the
AChR/AChE aggregates induced by n-agrin were accompanied by a preferential
localization of myonuclei and the presence of infoldings of the plasma membrane
similar in size and shape to junctional folds, as determined by electron microscopy.
These results make it likely that the interaction of axon-released n-agrin with agrin
receptors on myotubes at the developing neuromuscular junction induces at least some
late as well as early events in postsynaptic apparatus formation. Further experiments
with transfected soleus muscles may provide insights as to whether n-agrin plays a
role in the induction of other late events such as changes in the gene regulation of
AChR subunits.

DENERVATED NEUROMUSCULAR JUNCTIONS USING CALIBRATED
FLUORESCENCE IMAGING. S.M.Culican'. S.G.Turney, and J.W.Lichtman.
Department of Anatomy and Neurobiology, Washington University School
of Medicine, St.Louis, MO 63110.
Using a quantitative imaging technique to follow changes in the absolute
intensity of a fluorescence signal, we have studied the turnover of
acetylcholine receptors (AChRs) labelled with rhodamine conjugated alphabungarotoxin (R-BTX, an irreversible ligand) in neuromuscular junctions of
living mice. This technique allowed measurement of the intensity of
fluorescence in a defined junctional region, permitting assessment of
changes in AChR density that were independent of changes in junctional
size. With this method we have found that at sites within innervated
junctions the half-life of AChRs is approximately 8 days, whereas at sites
within denervated junctions the half-life of AChRs is approximately 2-3
days.
AChRs at denervated junctions are a mixed population: some receptors
are the remanent of those present in the membrane before the denervation,
while others have been inserted after denervation. Several studies have
suggested that these two populations respond differently to denervation. To
follow AChRs that were in the membrane before denervation, we labelled
them with R-BTX just before nerve cut. Conversely, to examine new
receptors, we pre-labelled denervated junctions with unlabelled BTX three
days after denervation, blocking all the receptors that were present in the
membrane prior to denervation. The newly inserted AChRs were labelled
with R-BTX 7 days after denervation. For both populations, intensity
measurements at individual junctional sites were begun ten days after
denervation. At subsequent timepoints the junctional sites were relocated
and re-imaged. Changes in the absolute intensity of the rhodamine label
between views was determined at each site. Our results suggest that both
populations of AChRs are lost from the membrane at the same rate (tA
approx. = 2-3 days).

687.6
CLUSTER-INDUCING ACTIVITY OF LAMININ VERSUS AGRIN.
M.W. Cohen*. Dept, of Physiology, McGill Univ., Montreal, Quebec.
H3G 1Y6.
Since laminin and agrin compete for binding to muscle a-dystroglycan
(Cell 77:675-686, 1994) the question arises whether laminin affects the
distribution of surface molecules in the same way as agrin. When
embryonic Xenopus myocytes were cultured without agrin or laminin,
clusters of acetylcholine receptors (AChRs) had colocalized lamininbinding sites (LBS) and phosphotyrosine (PY). The myocytes also
exhibited a widespread distribution of microclusters of LBS which did not
contain any detectable AChR or PY stain. When agrin (a gift from E. W.
Godfrey and R.M. Nitkin) was included 'in the culture medium there was
a large increase in the incidence of clusters containing AChRs, LBS and
PY, and not much decline in the density of LBS microclusters. By
contrast, laminin caused a large decline in the density of the widespread
LBS microclusters and a concommitant increase in the incidence of larger
clusters of LBS. AChRs and PY were rarely detected at these laminininduced clusters of LBS. The results suggest that (1) laminin has clusterinducing activity which is different from that of agrin, (2) the clustering
of LBS, unlike the clustering of AChRs, does not require tyrosine
phosphorylated proteins, and (3) unclustered LBS on the cell surface are
mobile, as previously suggested for unclustered a-dystroglycan (J. Cell
Biol. 129: 1093-1101, 1995). (Supported by MRC of Canada)

687.7

687.8

CRANIN, A LAMININ BINDING MEMBRANE PROTEIN:
IDENTITY WITH DYSTROGLYCAN AND REASSESSMENT OF
ITS CARBOHYDRATE MOIETIES. N. R. Smalheise*and E. Kim.
Dept, of Pediatrics, University of Chicago, Chicago, IL 60637.
Cranin was described in 1987 as a membrane glycoprotein expressed
in brain and many other tissues, which binds laminin with high affinity
in a calcium-dependent manner. Dystrophin-associated glycoprotein
('dystroglycan’) is a laminin-binding protein cloned in 1992 whose
relation to cranin has remained uncertain. Using cranin purified to
homogeneity from sheep brain, we now show that cranin is a form of
dystroglycan, based on amino acid sequencing of 120 kDa and 43 kDa
bands, and on immunological cross-reactivity with antibodies raised
against synthetic peptides derived from dystroglycan sequences. These
data also localize the N-terminus of B-dystroglycan to amino acid
residue 654. We find that brain alpha-dystroglycan is tightly associated
with membranes, and localizes to regions of CNS synaptic contact as
assessed by immunocytochemistry of rat cerebellum. Brain alphadystroglycan expresses high mannose/hybrid N-linked saccharides,
terminal GalNAc residues, and the HNK-1 epitope. Though
dystroglycan has been presumed to be a proteoglycan, the amino acid
sequence, pi, O-sialoglycoprotease susceptibility, lectin-binding and
laminin-binding properties of brain dystroglycan are more typical of
mucin-like proteins. Furthermore, using CHO cell lines deficient in
xylosyltransferase and galactosyltransferase I, which are required for
glycosaminoglycan biosynthesis, it is shown that chondroitin sulfate
and heparan sulfate are not critical for laminin binding, and indeed are
apparently not expressed in dystroglycan from CHO cells. Supported
by NIH HD 09402, NS 26055 and the Brain Research Foundation, Inc.

IDENTIFICATION AND LOCALIZATION OF ARIA RECEPTORS IN
SKELETAL MUSCLE AND MUSCLE CELL LINES G. Corfas*. T.S. Khurana. C. Lai* and G.D. Fischbach. Dept, of Neurobiology, Harvard Medical
School, Boston, MA 02115 and *The Scripps Institute, La Jolla, CA 92037.
ARIA is a protein that promotes the synthesis of acetylcholine receptors in
muscle, and thus may play a role in the formation and maturation of the neuromuscular junction. ARIA is a member of a family of factors that are ligands for
members of the EGF receptor (EGFR) family, i.e. HER2, HER3 and HER4. In
order to determine which of these receptors are involved in ARIA’s action on
skeletal muscle we studied the expression and localization of these proteins on
skeletal muscle, and their ARIA-induced tyrosine phosphorylation on L6 cells.
We have found that in lysates of ARIA-treated L6 cells, antibodies
directed against all these receptors are capable of precipitating a portion of the
pl85 signal. An antibody raised against a peptide shared by all the members of
the EGFR family precipitated all the pl85 signal, which appears as a doublet.
Anti-HER2 antibodies precipitated mostly the lower band of pl85, while antiHER3 antibodies precipitated mostly the higher band. Anti-HER4 antibodies
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precipitated a much smaller portion of the tyrosine phosphorylated protein than
antibodies directed against the other receptors. In all cases, die only tyrosine
phosphorylated protein recognized by these antibodies was pl85.
We have
studied the expression of these receptors in skeletal muscle using immunocytochemistry with anti-receptors antibodies. HER2 and HER4 immunoreactivity
appears to be concentrated at neuromuscular junctions. HER3 antibodies gave
inconclusive results.
These results suggest that HER2, HER3 and HER4 may participate in
the signalling of ARIA on muscle cells, and that at least some of these receptors
may be concentrated at mature neuromuscular junctions.

WEDNESDAY PM

FORMATION AND SPECIFICITY OF SYNAPSES I

687.9

687.10

NEUROTROPHIC REGULATION OF ARIA EXPRESSION.

J. A Loeb and G. D. Fischbach .* Harvard Medical Sdiool,
Dept. of Neurobiology, Boston, MA 02115

ARIA or acetylcholine receptor-induang activity, initiates a cascade of
events leading to the expression of postsynaptic components of the
neuromuscular synapse. These indude increasing the expression of
AChRs and sodium channels. Vfe now have evidence suggesting that
neurotrophins from the postsynaptic musde cell augment the expression
of ARIA in the presynaptic neuron. Using embryonic rat ventral horn
cultures containing motor neurons expressing ARIA we have found that
the musde-derived neurotrophins NT-3 and BDNF increase the amount
of ARIA mRNA by up to 3-fold. This effect peaks at 4 hours of treatment
at a half maximal concentration of 10-100 pMI. Under identical conditions
there is no change in messages for the low affinity receptor for NGF, or
other presynaptic proteins. Furthermore, NGF, UF, CNTF, or ARJA do
not alter ARIA mRNA expression in these cultures. BDNF and NT-3 also
increase the amount of ARIA protein activity secreted into the media of
these cultures. Wfe have found no evidence for a reciprocal effect in that
ARIA does not affect BDNF or NT-3 expression in embryonic cultured rat
myotubes. Even though these cultures respond to ARIA by inducing the
phosphorylation of an 185 KDa phosphoprotein, the levels of BDNF and
NT-3 mRNA are constant after treatment for up to 48 hours with ARIA
Such interactions between the neurotrophins and ARIA could serve to
reinforce specific developmental programs at synaptic contact sites.

687.11
SYNAPTOGENESIS BY CELLS DERIVED FROM THE HUMAN NT2
CELL LINE. Cha-Min Tang*1, Michael Marqulis1, Rebecca Hartley2,
and Virginia M.-Y. Lee2. Dept, of Neurology, U. of Maryland1 and Dept,
of Pathology, U. of Pennsylvqniq2.
NT2 cells are believed to be immortalized equivalent of
neural progenitor cells in the developing human nervous system.
Treatment with retinoic acid can induce NT2 cells to commit to
terminal differentiation into neurons (NT2N). Whiie NT2N cells
under current in vitro culture conditions can express a sequence
of neuronal markers that recapitulates the maturational steps in
the developing nervous system, they do not express some late
events in neuronal maturation (i.e. functional synapses). We
examined the maturation of NT2N cells under different culture
conditions. When NT2N cells were co-cultured with astrocytes
patch clamp recordings from them revealed synaptic activity that
were not previously seen. These synaptic currents exhibited the
biophysical and pharmacological characteristics of glutamergic
synaptic transmission. Synaptic currents suggestive of GABAamediated synaptic signals were also observed. These electrophysiological data were supported by positive immunohistochemical staining for synaptophysin, a synaptic vesicle protein.
When NT2N cells were co-cultured with striate muscle they
formed functional synapses that are reversibly blocked by curare.
These findings suggest that NT2N cells have the capacity to
express functional synapses and a variety of neurotransmitters.

687.13
NEUROSERPIN, AN AXONALLY SECRETED SERINE PROTEASE
INHIBITOR
~
T. Osterwalder. J. Contartese. E.T. Stoeckli*° and P. Sonderegger.
institute of Biochemistry, University of Zurich, CH-8057 Zurich, and °Dept.
of Neurosciences, Case Western Reserve University, Cleveland, OH 44106
Axonally secreted macromolecules have been implicated in neural
development as mediators of axon outgrowth, remodelling of the
extracellular matrix, and formation, elimination or competition of synapses.
Here we report on the purification and the molecular cloning of neuroserpin,
a neuronal serine protease inhibitor. Neuroserpin (previously denoted
Axonin-2) had been identified in a compartmented cell culture system as an
axonally secreted glycoprotein with an apparent molecular weight of 54-60
kD (Stoeckli et al., Eur. J. Biochem. 180: 249-258 (1989)). Based on
coordinates and spot morphology in two-dimensional gel electrophoresis,
neuroserpin was purified from chicken embryo vitreous fluid in a three step
chomatographic procedure. The amino acid sequences of the amino
terminus and three internal peptides were determined and used to design
degenerated primers with which a 1000 kb fragment of the neuroserpin
cDNA was amplified from chicken retina mRNA by means of RT-PCR. With
the PCR-product as a probe, a full length cDNA of neuroserpin was isolated
tnom a chicken brain cDNA library. The nucleotide and the deduced amino
acid sequence qualified neuroserpin as a member of the serpin family of the
seine protease inhibitors. The closest relatives are glia-derived
nexin/protease nexin-1 and PAI-1 with an amino acid sequence identity of
35% and 34%, respectively. Primary structural features suggest that
netroserpin is heparin-independent and targeted against trypsin-like
aroteases. In situ hybridization revealed neuron-specific expression of
neuroserpin during the late stages of neurogenesis. Together, the results
implicate neuroserpin as a regulator of proteolytic events subserving
processes of neural development such as synapse elimination, remodelling,
or competition.
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EXCITATORY SYNAPSE FORMATION IN CULTURED SPINAL
NEURONS. R.J. OBrien*. and R.L. Huganir. Dept, of Neuroscience
and Neurology, Johns Hopkins Univ. Sch. of Med., Baltimore, MD
21205
While much is known about the mechanism of synapse formation
at the neuromuscular junction, little is known about the mechanisms
involved in the formation of excitatory central synapses. We have
elected to use cultured rat spinal cord neurons to investigate how
AMPA type receptor subunits are regulated during synapse
formation. Neurons from E17 rat spinal cords grown at low density
on glial feeder layers, form excitatory synapses within 4 days. Using
subunit specific antisera, these synapses are seen to be composed
of the AMPA receptor subunits GluR1, GluR2/3, and GluR4
contained within a cluster on the postsynaptic dendrite. Receptor
clusters develop only when juxtaposed to a presynaptic release site
(determined by synaptophysin staining) and do not develop
spontaneously. The concordance between excitatory presynaptic
release sites and postsynaptic clusters is nearly 100% both in
heterogeneous cultures and in neurons grown in isolated islands.
Inhibitory intemeurons cause no clustering of AMPA type receptors.
Activation of NMDA or AMPA type receptors does not appear to be
required for this clustering, and clustering cannot be induced by
isoforms of AGRIN active at the neuromuscular junction. We are
presently involved in correlating electrophysiologically defined “hot
spots” with these postsynaptic clusters.

687.12
PRESYNAPTIC INFLUENCE ON POSTSYNAPTIC CHANNEL
KINETICS IN CULTURED SYMPATHETIC NEURONS.
J.C. Thigpen* Dept, of Physiology, Univ. of North Carolina,
Chapel Hill, NC 27599
The nicotinic channels of B- and C-cells, the principal neurons in
bullfrog lumbar sympathetic ganglia, have different kinetics
(J.Neurosci. 6:590,1986). B- and C-cells are innervated selectively by
B- and C-preganglionic neurons, which are located in separate regions
of the adult spinal cord (J.Comp.Neurol. 268:71,1988). This study
examined the influence of presynaptic inputs on postsynaptic channels
by comparing synaptic currents of B- and C-cells that had been cocultured with spinal cord segments that contained either B- or Cpreganglionic neurons.
Miniature excitatory post synaptic currents (mEPSCs), evoked by
focally applied sucrose, were recorded from ganglion cells using the
tight seal whole cell voltage clamp technique. The mean (+SEM)
decay rates of mEPSCs recorded from ganglion cells co-cultured with
B- or C-preganglionic neurons were 6.08 + 0.25 (n=42) and 8.26 +
0.43 (n=27) ms, respectively (p<0.0001). These results suggest that
the kinetics of synaptic channels expressed in cultured sympathetic
neurons are influenced by the type of innervating preganglionic axon.
Future work will examine the influence of presynaptic axons on
channels expressed by ganglion cells from early stage tadpoles.

1749

1750

BLOOD-BRAIN BARRIER:

688.1

PROSTAGLANDIN INACTIVATION IN THE PERINATAL
BRAIN: ROLE OF THE CHOROID PLEXUS. N. Krunic1-2. I. Bishai1.
S.L. Adamson2 and F. Coceani1*. JDiv. of Neurosciences, Hosp. for Sick
Children, Toronto, On., Canada M5G 1X8. 2SamueI Lunefeld Res. Inst.,
Mount Sinai Hospital, Toronto, On., Canada M5G 1X5.

In early gestation, prostaglandins (PGs) are most likely inactivated by
local catabolic enzymes. This enzyme activity disappears by birth and, in

adults, PGs are actively transported across the blood-brain barrier and
choroid plexus for catabolism in the periphery. We investigated whether
PG transport occurs prenatally and if it increases at birth in association
with the marked decrease in central PGE2 levels. PG uptake in the
choroid plexus from fetal (-136 d; term 145 d), newborn (3 d), and adult
sheep was studied in vitro using [3H]PGF2a as substrate and [,4C]sucrose
as extracellular marker. Fetal choroid plexus accumulated PGF2a>
reaching steady-state at 30-60 min with a tissue-to-medium ratio (T/M)
of 5.3 ± 0.5 (n=8). Newborn results were similar (T/M=7.0 ± 1.4, n=7).
Uptake in the adult reached steady-state at 60-90 min (T/M=13.6 ± 1.3,
n=8) and was significantly higher than fetus and newborn (p<0.05).
Extracellular volume was constant at all ages (T/M=0.44 ± 0.02, n=23).
Catabolism of PGF2ttto its inactive 13,14-dihydro-15-keto (15KD)
metabolite was analyzed by thin-layer radiochromatography. Catabolism
(radioactivity of 15KD expressed as %total) decreased significantly with
age from fetus (59 ± 4%, n=8), to newborn (33±2%, n=7) to adult (no
catabolism). PGF2a uptake by the fetal choroid plexus had a high
capacity (saturation at 40-60 pM) and was significantly inhibited by
probenecid (1 mM, p<0.05). We conclude that the PG transport system
of the choroid plexus develops in utero in sheep. PG uptake in vitro is
lower, whereas catabolism is higher, in the perinatal period than in the
adult. There is no abrupt increase in PG uptake at birth, which implies
this mechanism is not responsible for the rapid decrease in central PGE2
at this time. (NK supported by SIDS and Genesis).

OTHER

WEDNESDAY PM

688.2
EXPRESSION OF BRAIN CAPILLARY GSH TRANSPORT IN XENOPUS
LAEVIS OOCYTES. R.Kannan*. J-R.Yi. Y.Li. D.Tang. B.V.Zlokovic and
N.Kaplowitz. Depts. of Med., and Neurol. Surg., USC Sch. of Med., and VA
Outpatient Clinic, Los Angeles, CA 90033.
We had previously shown carrier-mediated glutathione (GSH) uptake
across the blood-brain barrier (BBB) in two animal models using the rapid bolus
injection technique (rat) and in situ vascular brain perfusion (guinea-pig). The
present study deals with expression of brain capillary GSH transport in Xenopus
laevis oocytes. Oocytes were injected with either mRNA (30 ng) from bovine
brain capillaries or water and maintained at 18OC for 3 days. Expression of GSH
uptake in NaCI medium was observed as compared to water controls in 1 h
incubations. The molecular form of uptake was predominantly as intact GSH in
gamma glutamyltranspeptidase inhibited (acivicin) and non-inhibited conditions.
GSH transport was partially (-40%) inhibited by removal of sodium (sucrose
medium). In separate studies with bovine brain capillary mRNA-injected oocytes
preloaded with GSH, efflux of GSH at 31.9%/h (water <2%/h) corresponding to
a rate of 5.3 nmol/oocyte/h, was observed. The presence of a recently cloned rat
canalicular GSH transporter (RcGshT) in rat whole brain, and guinea-pig and
bovine brain capillaries was demonstrated by Northern blot analysis. Size
fractionation of bovine brain capillary poly (A)+RNA (as cDNA) yielded three
distinct fractions showing GSH transport activity, one of which was RcGshT,
while the other two were hitherto unidentified GSH transporters. The active size
fractions showed carrier-mediated GSH transport; data on their kinetic parameters,
ion requirements and inhibitor specificities will be presented. These studies
provide a basis for a better understanding of brain GSH homeostasis with respect
to the nature of GSH transporters at the BBB and may have impact in
development of therapeutic strategies for GSH delivery to the brain.

Supported by VA Medical Research Funds and the Hoover Foundation.

688.3

688.4

HIGH GLUT1 GLUCOSE TRANSPORTER EXPRESSION IN
HEMANGIOBLASTOMA ENDOTHELIA. E. M. Cornford*. S.
Hyman. K. L. Black. M. E. Comford.-H., V. Vinters., and W,

TRANSLATIONAL ACTIVATORS IN 5’- AND 3’-UNTRANSLATED REGIONS
OF GLUT1 GLUCOSE TRANSPORTER mRNA. R.J. Boado* and W.M. Pardridge.
Dept. of Medicine and Brain Research Institute, UCLA School of Medicine, Los
Angeles, CA 90024.
Recent studies have indicated that the blood-brain barrier GLUT1 glucose
transporter is under post-transcriptional regulation. To undertake the functional
mapping of the GLUT1 transcript, the present investigation studied the translational
efficiency of full-length synthetic human (h) GLUT1 mRNA, and both 5’- and 3’untranslated region (UTR) deleted mRNAs. Translation of 10 ng full-length hGLUTl
capped-mRNA in rabbit reticulocyte lysate produced 0.161 ± 0.013% TCA
precipitable material (mean ± S.E., n = 3) after 30 minutes incubation at 30°C.
Deletion of 5’- and 5’-/3’-UTR completely blocked the translation of these GLUT1
transcripts. The putative role of these hGLUTl 5’-UTR cis-acting elements was
studied using the luciferase expression vector pGL2. DNA corresponding to the
hGLUTl 5’-UTR generated by PCR was subcloned at the Hindlll site of pGL2
located upstream of the luciferase 5’-UTR. Transfection of brain endothelial cultured
cells with pGL2 containing the complete [nucleotides (nt) 1-171] hGLUTl 5’-UTR

M. Pardridge. UCLA School of Medicine, Los Angeles, CA 90095;
West Los Angeles V. A. Medical Center, Los Angeles, CA 90073;
and Harbor-UCLA Medical Center, Los Angeles, CA 90509.
Light microscopic immunochemistry indicated the enriched
presence of the GLUT1 glucose transporter isoform throughout the
central endothelia in a resected hemangioblastoma. Glial fibrillary
acidic protein (GFAP) was observed only at the tumor border; no
GFAP-reactivity was seen in stromal cells, pericytes or endothelia in
central tumor regions. Quantitative EM immunogold analyses of
GLUT1 -positive sites per t/meter of capillary membrane confirmed
the GLUT1 transporter was highly enriched in tumor endothelial cell
membranes. Immunogold EM using albumin (MW 65000) indicated
that HSA moved freely from the vascular lumen into pericapillary
regions, confirming the "leaky" barrier (seen in clinical neuroimaging). GLUT1 is generally said to be more concentrated in
erythrocytes than in any other cell, but GLUT1 in these tumor
capillaries was more than 2-3-fold higher than seen in human red
cells. We conclude that in the absence of GFAP, a high Glutl
density characterizes this tumor. The increased immunoreactive
GLUT1 seen suggests this may be a useful model system for
studying BBB GLUT1 regulation; some tumor-derived factor may
induce GLUT1 expression in the hemangioblastoma endothelium.
Supported by NIH grant NS 25554

688.5
A NEW VASOGENIC BRAIN EDEMA (VBE) MODEL AND RELATION TO
ENZYMATIC BARRIER. B.XLu* and X D.Tang. Dept, of Neurol., Nanfang
Hospital, First Military Med. Univ., Guangzhou 510515, PR China.
At present, there is still no very satisfactory VBE model. Here reported was
a new VCE model recently developed in this laboratory. Phenylephrine
(1.2mg/kg, i.p.) was injected into spontaneous hypertensive stroke prone
rats (SHRsp). Results demonstrate that the permeability of blood-brain
oamer (BBB) to macromolecules, assessed by Evans blue, Indian ink and
125l bovine serum albumin, was progressively increased and reached a
maximum at 0.5-1 hrs after drug injection. The density of cerebral capillary
of drug-treated rats, analysed by computer (Quantimet 500+), was about 2
times larger than that of untreated rats. Water content of gray and white
matter, determined by a Moisture Analyzer (Denver Ins.), of control group
versus drug-treated group was 59.04±9.51%, 60.97±8.67% (n=27) and
69.59±12.05%, 74.27±7.99 % (n=25), respectively. Student's (-test
revealed a marked statistical significance between the two pairs of values
(P=0.014, 0.0003). We further conducted another experiment using SHRsp
injected with neostigmine methylsulfate (0.8 mg/kg, i.p.) to test the relation
between enzymatic barrier damage (we have found that 12 enzymes of
cerebral capillaries changed on VBE, not reported here) and VBE. Just as
we expected, neostigmine could alleviate brain edema, which is suggested
to result from the inhibition of BBB cholinesterase. Our results suggest that
the phenylephrine-induced cerebral edema is a suitable VBE model and
insult of enzymatic barrier could influence the formation of VBE.
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markedly increased the expression of luciferase (60.7 ± 14.3 vs. 10.7 ± 0.7 pg
luciferase/mg protein, respectively). Insertion of hGLUTl 5’-UTR in reverse
orientation induced no changes in the expression of luciferase (9.4 ± 1.7 pg/mgp),
and the insertion of an unrelated 171 nt decreased its expression. Insertion of nt 96171 of the hGLUTl 5’-UTR retained most of the stimulatory effect (41.3 ± 10.0
pg/mgp). In parallel experiments, nt 2100-2300 of the bovine (b) GLUT1 3’-UTR
were inserted at the PflMI site of pGL2, which is located downstream of the
luciferase 3’-UTR. This region of the bGLUTl 3’-UTR encompasses the binding
domain of a 88 kDa C6 cytoplasmic trans-acting factor. Transfecton of C6 cells with
this construct markedly increased (> 300%) the expression of luciferase. Conclusion;
The present data provide evidence suggesting that the 5’- and 3’-UTR of the GLUT1
mRNA contains cis-acting elements involved in a translational activation of the
GLUT1 gene in mammalian cells.

688.6
ADHESION OF AFRICAN TRYPANOSOMES TO HUMAN BRAIN
MICROVASCULAR ENDOTHELIAL CELLS. B. Ziinkeler. Z. Fabry.
J. Braytoa, J.C, YaaGilder, J.E, Don&son. MM. Hart-

Laboratories of Neuropathology, Neurosurgery, and Biochemistry,
University of Iowa, Iowa City, IA 52244
African sleeping sickness is thought to be due to a direct effect of
Trypanosoma brucei gambiense and rhodesiense on anatomical structures in
the vicinity of the third ventricle and, in later stages, on the entire brain. To
cause disease, the parasite must first attach to and migrate through the
cerebrovascular endothelial layer. In this study we address the mechanism of
trypanosome adhesion to human brain microvascular endothelial cells by
characterizing adhesion molecules that participate in this interaction.
Parasites were passaged in rats and stained with ethidium bromide prior to
incubation with subconfluent and confluent monolayers of human brain
microvascular endothelial cells, (passage 5-10, Ulex europaeus agglutininphycoerythrin FACS isolated). Attachment of parasites was quantified by
fluorescence microscopy. Adhesion of parasites could be blocked by 83% at
4 hours by monoclonal antibody to E-seleetin, CD 62-E (ELAM1) and by
48% by monoclonal antibodies to vascular cell adhesion molecule, CD 106
(VCAM1). Anti CD 44 and anti CD 62-P antibodies had no effect on the
adhesion of parasites to endothelium. These findings suggest that
attachment of trypanosomes to human brain endothelium is mediated at least
in part by cellular adhesion molecules, including ELAMI and VCAM1.

WEDNESDAY PM

BLOOD-BRAIN BARRIER:

688.7
CATIONIZED HUMAN IMMUNOGLOBULINS AS A TREATMENT FOR
CEREBRAL ACQUIRED IMMUNE DEFICIENCY SYNDROME (AIDS):
EVALUATION OF PHARMACOKINETICS, EFFICACY, AND TOXICITY IN
SCID-hu MICE. W.M. Pardridge*. J. Yang. J. Buciak. and Y.-S. Kang. Dept, of
Medicine, UCLA School of Medicine, Los Angeles, CA 90024.
The treatment of cerebral AIDS requires that drugs undergo transport through
the brain capillary endothelial wall, which makes up the blood-brain barrier (BBB)
in vivo. Antibodies are potential AIDS therapeutics and cationized antibodies
undergo transport through the BBB via absorptive-mediated transcytosis (Proc.
Natl. Acad. Sci. 86:4761, 1989). Cationized human immunoglobulins have
inhibitory effects on the replication of the human immunodeficiency virus (HIV) in
human lymphocytes in tissue culture (J. Infect. Pis. 170:563, 1994). The in vivo
efficacy of cationized human immunoglobulins in the SCID-hu mouse model was
evaluated. Immunoglobulins from non-infected humans and from HIV-infected
individuals were cationized. A pharmacokinetic analysis showed that cationized
immunoglobulins have a markedly reduced mean residence time in plasma and a
marked increase in organ uptake compared to native immunoglobulins. A toxicity
study performed with homologous immunoglobulins in BALB/c mice demonstrated
cationized homologous immunoglobulins have no tissue toxicity at a daily dose of 5
mg/kg. Immunocytochemistry showed that immunoglobulins were taken up into
the intracellular compartment of human lymphocytes. Treatment of HIV-infected
SCID mice that were transplanted with human lymphocytes demonstrated
therapeutic efficacy at a dose of 5 mg/kg cationized human immunoglobulins. In
conclusion, cationized immunoglobulins are potential antibody-based therapeutics
for the treatment of viral diseases, such as AIDS; cationized antibodies undergo
enhanced transport into brain and peripheral organs; when homologous cationized
immunoglobulins are administered, there is no measurable tissue toxicity.

VISUAL CORTEX:

OTHER

688.8

MCP-1 INDUCES TRANSMIGRATION OF PERIPHERAL BLOOD
MONOCYTES ACROSS A MODEL OF THE HUMAN BLOOD-BRAIN
BARRIER. S.A. Downie. J.W. Berman, K.M. Weidenheim and W.D.
Lyman*. Pathology Dept., Albert Einstein Coll Med, Bronx, NY 10461.
A hallmark in the pathogenesis of central nervous system (CNS)
inflammatory diseases is the presence of peripheral blood
mononuclear cells (PBMC) in the CNS parenchyma. The signals and
mechanisms contributing to extravasation of PBMC are as yet to be
completely defined. One molecule suggested to have a role in this
process is monocyte-chemoattractant peptide-1 (MCP-1).
To
investigate the potential role of this molecule in transmigration of
PBMC, we used a model of the human blood-brain barrier (BBB) that
is constructed with autologous human fetal endothelial cells and
astrocytes.
Freshly isolated human PBMC were labeled with
rhodamine-conjugated dialkylcarbocyanine (Dil) and placed onto the
endothelial (eg. luminal) surface of the model. MCP-1 (100 ng/ml)
was infused into the medium surrounding the astrocyte (eg.
abluminal) side. MCP-1 induced transmigration of PBMC was noted
after 60 minutes of incubation and was maximal by 150 minutes. The
ratio of transmigrated cells in MCP-1 treated cultures as compared
with untreated controls was 14.5 at 150 minutes. This study supports
the hypothesis that MCP-1 is involved in transmigration of
inflammatory cells across the BBB and into the CNS parenchyma.
This mechanism may contribute to the development of
neuropathologies including that associated with AIDS.
(Supported in part by USPHS grants MH 47667 and MH 52974)

STRIATE IX

was determined using a minimum stimulation technique. Five to eight
repetitions of stimuli consisting of bars of light between 1 and 40 deg in
length were swept across the CRF at the preferred orientation. Most
neurons (13/17) showed an increase in response to bars longer than the CRF.
On average, a plateau in the length response curve was not reached until
about 12 deg, even though the CRF for these cells was approximately 4 deg
long. Some units (6/13) showed a progressive increase in response to stimuli
as long as 40 deg. These data dearly indicate that the activity of cells in
layer 2/3 of VI can be modulated by visual stimulation outside the CRF.
We also have evidence that in some cases, stimulation outside the CRF is
sufficient to evoke responses from layer 2/3 neurons, independent of
stimulation of the CRF. Supported by EYO6821.

689.2
MEASURING THE DELAY OF THE ONSET OF EXTRA-RECEPTIVE
HELD MODULATION IN VI NEURONS K. Zipser*. Dept, of Brain
and Cognitive Sciences, MIT, E25-634, Cambridge, MA 02139
Given the same texture stimulation of the receptive field (RF), VI
neurons generally respond more vigorously when the pattern outside the
RF differs from that inside the RF compared to the case where texture is
of a homogeneous type across the display. We term this effect extra-RF
modulation. Here we measure the delay of the onset of extra-RF
modulation relative to the response latency of direct RF stimulation.
Single and multi-unit recordings were made in area VI of an awake,
behaving monkey. As the monkey fixated in a behavioral trial, a given VI
neuron was initially stimulated with a homogeneously textured display
flashed on a gray background. In some trials, after 150 ms of static
texture stimulation, the texture outside the RF appeared to fall back .in
depth through stereoscopic disparity cues. In other trials, the
homogeneously textured display remained unchanged. In all cases, the
pattern over the RF itself remained the same throughout the texture display
period. Compared to the case of the static homogeneously textured
display, VI neurons responded more vigorously following the change in
the extra-RF texture pattern (i.e., the change in texture outside the RF
caused extra-RF modulation during static RF stimulation). The delay of
the onset of this extra-RF modulation was 30 to 50 ms relative to the
normal response latency of the cells under study, or 80 to 100 ms relative
to the change in texture outside the RF. This suggests that extra-RF
modulation arises from reciprocal activity within the cortex rather than
from direct feed-forward visual input. The delay in extra-RF modulation
(which is lengthy compared to synaptic and conduction delays) raises the
possibility that extra-RF modulation can reflect computationally complex
analysis of visual input.

689.3

689.4

COOPERATIVE SELF- RGA IZATION OF ORIEN ATION MAPS AND
LATERAL CONNECTIONS IN THE VISUAL CORTEX Joseph Sirosh* and
Risto Miikkulainen. Dept of Computer Sciences, Univ. of Texas, Austin, TX 78712.
Recent experiments show that the lateral connections in the primary visual cortex
self-organize from cortical activity, and that their patterns closely follow receptive field
properties such as orientation preference. Through large-scale computer simulations, we
show that a single Hebbian self-organizing process can account for the self-organization
of oriented receptive fields, orientation maps, and the patterns of lateral connections.
The model consists of an array of retinal receptors connected to an array of cortical
neurons. Neighboring neurons are linked both by excitatory and inhibitory lateral connections, and farther neurons only by inhibitory connections. At each input presentation, neurons sum the input activity through the afferent connections, and repeatedly
exchange activity through the lateral connections. When the activity settles, all connection weights are modified by the Hebbian rule. As training proceeds, the afferent
connections organize into oriented receptive fields and orientation maps. The typical
features of VI maps, such as linear zones, pinwheels and fractures develop in the orientation map. At the same time, the long-range lateral connections learn the correlations
in activity between cortical neurons and form patterns that closely follow the organization of the orientation map. The model permits us to predict the patterns of lateral
connections at linear zones, pinwheels and fractures (figures below), and shows that the
self-organizing process stores two kinds of visual knowledge in the cortex: the principal feature dimensions in the visual world (e.g. line orientation), stored in the afferent
weights, and correlations between such features, stored in the lateral weights.

SINGLE-UNIT AND MULTI-UNIT MANIFESTATIONS OF LATERAL
INTERACTIONS IN MONKEY VISUAL CORTEX.

689.1
PHYSIOLOGICAL CORRELATES OF ANISOTROPY IN HORIZONTAL
CONNECTIONS: LENGTH SUMMATION PROPERTIES OF NEURONS
IN LAYERS 2 AND 3 OF TREE SHREW STRIATE CORTEX. W. H.
Bosking* and D .Fitzpatrick. Dept, of Neurobiology, Duke University
Medical Center, Durham NC 27710.
Axon collaterals of layer 2/3 neurons form an extensive system of
horizontal connections in tree shrew striate cortex (VI). These connections
extend for several millimeters, linking neurons that have similar
orientation preferences, but receptive fields separated by as much as 20
degrees of visual space. Axon collaterals of most layer 2/3 neurons are
distributed anisotropically, extending farther and giving rise to more
boutons along an axis in the map of visual space that corresponds to their
preferred orientation (Fitzpatrick et al., '93).
We investigated the functional consequences of this precise modular and
topographic specificity by making extracellular recordings from isolated
single units in layer 2/3. For each unit, the classical receptive field (CRF)
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E. KKta*, K. P. Purpura a nn J. D. Victor. Dept. of Neurol, ann
Neurosci. Cornell Univ. Medical College, New York NY 10021.
Several lines of evidence indicate that inputs from beyond the
classical receptive field play a role in shaping the responses of
cortical neurons. Multi-input visual stimuli, such as those utilizing
m-sequences (Sutter, 1987) are advantageous to studying these
interactions, because these stimuli identify inputs to the receptive
field that would be subthreshold if stimulated in isolation. With
this technique we (Soc. Neurosci. 1993) demonstrated that the
population receptive fields of local field potentials are modulated by
a gain control driven by nearby visual input. We now extend these
studies to single-unit and multi-unit recordings in macaque VI.
Lateral interactions of visual inputs were studied by comparing
neural responses to contrast modulation of a 249-region stimulus
(baseline condition) to responses to the same stimulus in which
one or more of the regions were held at the mean luminance. This
removal of modulation led to changes in the magnitude of the
neural response to the regions which were within the receptive
field. As we found in field-potential studies, changes in gain
occurred within less then one minute, were readily reversible, and
were not accompanied by a change in dynamics. However, an
unexpected finding was that the effect of removal of modulation in
one region was not always simply an overall increase in gain.
Rather, in several cases, there appeared to be a selective
augmentation of suppression of subregions within the receptive
field. Supported by EY9314 and The Revson Foundation.
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VISUAL CORTEX:

689.5
LONG RANGE LATERAL CONNECTIONS, NOT RECIPROCAL CIRCUITS,
UNDERLIE HORIZONTAL PROPAGATION OF ACTIVITY: EVIDENCE
FROM OPTICAL RECORDING OF FERRET VISUAL CORTEX SLICES.
D. A. Nelson* and L . C . Katz. Departmentof Neurobiology,Duke University
Medical Cavtar, Durham, NC 27710.
Thara in aOevdavt evidence Nor rich lateral ivteractiovn iv the rinoal cortex.
Iv layer 2/3, lateral actiratiov may Oe mediated Oy the clustered axov collaterals
which extavd from pyramidal veerovn Nor a millimeter or more. Alternatively,
polynyvaptic, regeveratira actiratiov of veighOorivg colemvar circoitn extending
acronn all cortical layern might mediate horizovtal propagatiov. We tented thene two
modeln enivg optical recording avd extracellelar Oiocytiv ivjectiovn iv coroval avd
tavgevtial nlicen prepared from. adelt ferrat rineal cortex. Several liven of eridevce
nepport the former model. The rate of horizovtal propagatiov iv coroval nlicen (160
± 9 mm/nec, v = 61) in covsistent with a movonyvaptic, vot a polynyvaptic circeit.
Covvactiovn Outween layarn are vot reqeired for horizovtal propagatiov: iv tavgevtial
nlicen covtaivivg ovly layer 2/3 neebonn, the rate (130 ± 9 mm/nec) avd extevt
(1200 ± 130 pm, v = 6) of horizovtal propagatiov were similar to that iv coroval
nlicen. The pattern of actiratiov iv nome tavgevtial nlicen wan patchy, an the
tavgevtial horizovtal cowectiov modal pradictn. Fivally, horizovtal propagatiov of
actirity iv tavgevtial nlican wan coaxtevnire with Oiocytiv laOeled axov collateraln
arinivg from the ntimelen nite (v = 4). Iv nlicen treated with Oicocellive methiodide
to remore ivhiOitory circuitn, horizovtal propagatiov of actirity iv layer 2/3 may
occur ria circeit elamavtn other thav lovg dintavce horizovtal axovn. Uvder thin
covditiov actirity propagated at a much nlowar rate (coroval nlice: 50 ± 7 mm/nec, v
= 2; tavgevtial nlica: 45 ± 9 v = 3) avd npraad orer a mech greater extevt (> 2200
pm). Thin implien that actirity in apilaptiform iv nech nlicen, avd doen vot reflect
vormal circeit pattarvn. Then, lovg dintavce horizovtal cowectiovn play the cevtral
role iv travnmittivg actirity Oatweev cortical colemvn. Sepported Oy NIH gravt
EY07690 (L.C.K.) avd a Howard Heghen Predoctoral Fellownhip (D.A.N.).
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689.6
A CORTICAL ARCHITECTURE FOR REAL AND ILLUSORY CONTOUR
PROCESSING IN AREAS VI AND V2. (W. D. Ross1, S, Grossberg2*, and E.
Mingolla3) Cognitive and Neural Systems, Boston University, Boston, MA.
Neurophysiological data on global interactions in primary visual cortex
(Gilbert & Wiesel 1990), sensitivity to illusory contours (Grosof et al. 1993)
in VI and data on long-range illusory contour sensitivity (von der Heydt
& Peterhans 1989) in V2 can be explained by a single cortical architecture
replicating similar interactions in Vl and V2 but at different scales. This
system can also explain psychophysical data and clarities how the cortex processes scenes degraded by noise, occlusion or camouflage. The model refines
and simplifies the Boundary Contour System (BCS) for emergent boundary
segmentation (Grossberg & Mingolla 1985). Cooperative lateral interactions act to strengthen contours and define context-sensitive completions
and groupings. Competitive interactions sharpen boundaries across space
and act to choose local boundary orientation and position based on global information. Lateral feedback across the cortical map naturally realizes these
interactions. These mechanisms are replicated at both the model VI and
V2 stages. Simulations using a single set of parameters model physiological
data on VI and V2 responses to offset grating stimuli and psychophysical
data on strength of illusory contours as a function of the number, density,
and shape of inducers.
Gilbert, C. D. & Wiesel, T. N. (1990). Vision. Res., 30, l€^^^-1701.
Grosof, D. H., Shapley, R. M., & Hawken, M. J. (1993). Nature, 365,550.
von der Heydt, R. & Peterhans, E. (1989). J. Neuroscience, 9,1731-1748.
Grossberg, S. & Mingolla, E. (1985). Percep. and Psychophys., 38,141-171.
Supported by HNC SC-94-001. ^Supported by AFOSR F49620-92J-0499,
ONR N00014-92-J-4015 & ONR N00014-91-J-4100.3Supported by AFOSR
F49620-92-J-0334, NCEE A303-21-93 & ONR N00014-94-1-0597.

689.7

689.8

LASER PHOTSTIMULATION REVEALS CONVERGENCE OF MAGNO- AND
PARVOCELLULAR INPUT ONTO INDIVIDUAL NEURONS IN LAYER 4B OF
MACAQUE VI. A. Sawatari avd E.M. Callaway*. Neobosci. Pgm. avd Dept. of
Phyniol., Uvir. of CO Sch. of Med., Devrer, CO 80262.
Magvocellolar (M) recipievt neubonn iv layer 4Ca of macdqoa VI hara ntrovg
axoval projactiovn to layer 4B, while tha pabrocelloldb (P) recipiavt naobovn iv layer
4CP do vot. Thene oOnarratiovn beivforce tha lovg-held votiov that layer 4B vaurovn
receiye mont or all of thair ivpet from the M ntream. Thin intabpbetation howarer,
orerlookn tha ponniOility that layer 4B pyramidal veurovn could raceire ivput from
layar 4Cp ovto their apical devditen iv layer 3B.
Wa datermmed the location of vaurovs that made functioval covvectiovn with
layer 4B veurovn Oy recordivg movonyvaptic excitatory postsyvaptic cobbentn
(EPSCn) elicited Oy stimeldtion iv other layern. Lirivg coroval Oraiv nlicen from VI
of mdcdqoa movkeyn were Oathed iv ACSF containing “caged” glutamate, avd
whole-cell, roltage-clamp recordivgn were made from ivLiyidodl layer 4B vaurovn.
Brief (5 mnec) flanhen of light from a UV laner, focened to a nmall npot Oy a
microncopa oOjactire, ware dalirerad to denied location iv the nlice to evcaga tha
gletamate avd elicit actiov potevtialn in veerovn with cell Oodien vear the ntimelatiov
nite (withm 50pm). Naurovs were alno ivtracellolarly laOeled with Oiocytiv to allow
later detabmination of axoval avd denLritic morphology.
Oor nample of layer 4B vaurovs ivcleden 4 spivy ntellaten, 2 pyramidal calln,
avd 3 calln whona morphology coeld vot Oa determived. An expected, EPSCn were
Neqoently aroked iv ail layer 4B veerovn followivg ntimelatiov iv 4Ca. Howerer,
for pyramidal vaurovn, EPSCn of nimilar mdgnitode were eroked just an ^qumOy
followivg stimulatiov iv 4Cp. EPSCn were alno eroked iv spivy ntellaten followmg
ntimolatiov iv 4CP, Out they were lenn fraquevt avd thair nize wan typically mech
nmaller thav thone followivg stimulatiov iv 4Ca. Followivg ntimulatiov iv layer 5,
EPSCn were fraquevtly aroked iv pyramidal, Out lenn oftev iv npmy ntellata celln,
conintevt with oer oOsarratiov that layer 5 pyramidal veurovs project hearily to
layer 2/3, Out ovly weakly to 4B. Stimulatiov iv layer 6 alicited EPSCn iv all layer
4B veerovn. Thin Nivdivg in covnintevt with oer oOnabydtion that layer 6 pyramidal
veurovn project hearily to 4B avd 2/3. We covclode that layer 4B pyramidal veurovn
recaire ntrovg ivpet, ria 4Ca and 4CP, from Ooth the M and P ntraamn, Out tha ivpet
to npivy ntallatan in pradomivavtly from tha M ntream, ria 4Ca.

RELATIONSHIPS BETWEEN OCULAR DOMINANCE COLUMNS AND
LOCAL PROJECTIONS OF LAYER 6 PYRAMIDAL NEURONS IN MACAQUE
PRIMARY VISUAL CORTEX. A.K. Wiser* avd E.M. Callaway. Naeronci. Pgm.
avd Dept, of Physiol., Uvir. of CO Sch. of Med., Devrer, CO 80262.
To study dia lamivar avd colomvar specificity of axoval arOors from layar 6
pyramidal vaerovn iv macaque VI, we ivtracellolarly laOeled veurovn with Oiocytiv
iv nlicas prepared from movkeyn that had becaiyed av intraocular ivjectiov of
tetrodotoxiv (TTX) iv ova eye. The TTX ivjectiov decreases cytochrome oxidase
(CO) exprassiov iv ocular domivavce (OD) columvn corranpovdivg to tha ivjactad
eye. Slices with labeled veurovn were doeOle-staived for Oiocytiv avd CO, to allow
rinoalizatiov of vauroval processes, an wall an OD colemvn. We hara avalyzed 29
layer 6 pyramidal veorovs from OD columv-laOeled slices.
We hara pbayioesly defived 7 typsn of layer 6 pyramidal veorovs. Thene types
Oulovg to 2 major classes. Class I veurovn hara devne axoval projectiovs to layer 4C
avd lack davdritic Oravchen iv 5B. It has prerioonly Oeev nuggented that the axoval
projectiovn of thene calls might Oa specific for regiovs receirmg ivput from a sivgle
aye iv layer 4C (Avdersov et al., 1993). Class II vaerovn hare axoval arOors that ara
not focused ov 4C, avd vemeroos devdritic Oravches iv 5B. Differevt types withiv
each clans are defived Oased ov further lamivar specificity of axoval avd devdritic
arOors. Type la calln hare devse axoval projectiovn (avd devdritic Oravchen) iv layer
4Ca, type ip iv 4CP, type IPA iv 4CP avd 4A, type Im iv jont the middle of 4C, avd
type IC throughout the depth of 4C. Class II veurovn, although direrse, are vot easily
classified ivto dintivct types, except for type IIB. Type IIB veerovs hare strovg
axoval projectiovn to layers 4B, 2/3 avd nomatimas 5, Out vot 4C. They also hara a
devse devdritic arOor iv layar 5 that does vot axtand aOore layer 5. The remaivivg
class II vaurovn are denigvatad as type II.
We laOeled avd avalyzed 9 class I celln iv TTX treated avimals, ivcledivg 4
type la, 1 type ip, 2 type IpA, avd 2 type IC. No type Im calln were laOeled. Iv
additiov 20 class II cells, mclodmg 3 type IIB, were laOaled. Nove of the calls iv oer
nample hare axoval projectiovn that ara specific for columvs dommated Oy ova eye
or the other. Ivstaad the axoval arOorn freely cross OD colomv Oorders, without avy
apparevt chavge iv the Obavchivg or devnity of projectiovn. Some type II veorovs
hare lovg, clentarad projactiovn withiv layer 6, Out they ara vot OD colomv-npecific.

689.9

689.10
Different Temporal Patterns of Immediate-early Gene mRNA and
Protein Expression Allow Multiple Labeling Strategies in Visual Cortex
of Monkey. A. Chaudhuri*, S. Larocquu*. J. Nissavorl. L. Rioux.l* & a .

ALTERATIONS IN STRIATE CORTICAL OCULAR DOMINANCE
COLUMNS IN ANISOMETROPIC AMBLYOPIA. A.W. Rcor*. G.M.
Ghose1, E.L. Smith2. Y.M. Chino2, avd D.Y. Ts 'o 1 . Diyision of Nuurosciuncu,
Baylor College of Medicine1, Houstov, TX 77030 avd College of Optometry,
Urnra-nity of Houston2, Houston, TX 77204.
Early unildtubdl defocus annotated with dnisometbopic amOlyopia pboLucen
LuNicits iv Omo'cekr yision at high npatial fruquencius avd iv the covtrant
suvsitirity of the Lu Nocussu L eye. Thusu LuNicits aru thought to reflect fuvctioval
chavgss iv ths striata cortex as a result of computitirs ivtubdctions Ostwruv lsftavd right-uyu ivputs to ivLiriLudl vuurovs. To inrsstigats ths uNucts of this
avomalous computitiov ov cortical Oivocular orgavizatiov, ws sxamivsd thu
organzat^ of VI ocular domivavcu columvs iv amOlyopss. Buhdyiorag|y
covfirmud, anisomstbopic amOlyopia was produced iv adult rhesus movksys that
wsrs bUdbsL with a -10D levs iv frovt of ovs uye. We used optical imagivg
tuchviquus to risualizs ocular Lomivancu columvs iv thu supsNicial layers oN thu
pdbdfoyual striata cortsx vuar thu V1-V2 Oordur iv bsspovsu to LiNNubuvt spatial
fruqusvcy stimuli. Ws fivd that at high spatial fbuquevciss (6-8c/dsg), Out vot at
lower spatial frsqusvciss, thu vormal sys columvs uxhiOit greater actiratiov thav
amOlyopic uyu columvs. Mobuoyub, iv comparisov to vormal movkuys, thu
ocular domivavcu columvs iv amOlyopic movkuys hars a greater spatial period
avd aru mors irTsgulariy orgavizsd. Thus, iv dLLition to altubdtiovs iv thu spatial
Nequuvcy tuvivg characteristics of inLiyidual vuurovs, sarly uvilatural optical
dufocus produces largu-scalu alturatiovs iv thu Oivocular orgavizatiov of thu
primate risual cortux which may contbiOutu to thu Oivocular risiov deficits
commovly uxhiOitud Oy avisomstropic amOlyopss.
EY03611 (ES), EY08128 (YC), EY08240 (DT), EY06568 (GG).
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Goldszal^. iDept. Psychology, McGill Uvir., ^Computer Visiov Cuvtur for
VertuOrate Braiv Mappivg, Druxul Uvir. iDept. Pharmacology, Uvir.
Penvsy|yania.
It is vow wall estaOlishsd that vuuroval actirity produces travsiuvt
chavgus iv the uxprussiov of a vumOer of immudiatu-uarly guvus, such as
zif268 avd c-fos. Prerious studies hars showv that immuvodetectiov for
their products may Or used to laOul actirated vuurovs uvdur covditiovs of
suluctire stimulatiov. Wu vow report that thu LiNferevt time course of mRNA
avd protuiv ivdoctiov, approximately 30 m avd 2 h after ovset of
stimulatiov, may Or .used to risualizu vuurovs that are separately actiratud
uvdur diffuruvt stimulus covditiovs, thus allowivg douOlu laOalivg
stratugius.
We hars used immuvostaivivg to detect ths Zif268 protsiv avd iv situ
hyOridizatiov histochemistry (ISHH) to detect Ooth zi/268 avd c-fos mRNA
iv striatu cortux of thruu adult rurrut movkeys followivg a rurursu-occlusiov
procedure. After three hours of movocular dupriratiov iv chair-rustraivud
awake avimals, thu patch was switched to thu other uye for thirty mivotus.
Av ocular domivavce patturv was sriduvt with Ooth immuvostaivivg avd
ISHH for zif268. Howurur, the two patterns were clearly complumuvtary;
immuvostaivivg rurealud those columvs that reprusuvtud thu opuv uye for
the ivitial three hours whereas ISHH rurualud columvs that ware actiratud
durivg ths rival thirty mivutus. Ocular domivavcu columvs that wuru
spatially alig^d to thu latter sut wuru also risiOlu with c-fos ISHH. Howerur,
it is uvlikuly that Ooth laOsled av idsvtical sst of vuurovs Oscausu Zif268
expressiov is kvowv to Ou tumporally corrulatud with ovgoivg actirity
whuruas c-fos is ivducud iv a transisvt, impulss-like mavver. (Supported Oy
MRC MA-12685 (AC); NIH award P41RR01638 (JN) & NIH award 1F32
NS09413-01A1 (LR)).

WEDNESDAY PM

VISUAL CORTEX:

689.11
LUMINANCE CONTRAST GAIN, SPATIAL AND TEMPORAL
FREQUENCY TUNING IN CO BLOBS AND INTERBLOBS OF
MAMMALIAN STRIATE CORTEX MEASURED WITH INTRINSIC
OPTICAL IMAGING. E.V. O'Brien*. R. Everson, and E. Kaplan.
Laboratory of Biophysics, The Rockefeller University, N.Y., N.Y., 10021
The striate cortex of macaques contains regions of high metabolic activity,
the cytochrome oxidase (CO) blobs. Some single unit studies report that their
physiological properties are distinct from those of the surrounding regions,
but other studies report no such differences. To circumvent the limitations of
single unit studies, we used intrinsic optical imaging to compare the response
of CO blobs to luminance contrast (l C), the tuning for spatial frequency (SF)
and temporal frequency with those found in the interblob regions.
Reflectance changes from layers 2/3 of the exposed visual cortex of
anesthetized and paralyzed monkeys and cats were imaged with a CCD
camera in response to patterns which varied in luminance contrast, spatial
frequency, or temporal frequency. The images were anHyzed with extensions
of the Kartiunen-lDeve procedure (principal components analysis) and
yielded spatio-temporal activity maps.
The contrast gain of the macaque cortex, measured optically, is similar to
that of M and magnocellular neurons. The contrast gain of cat cortex is
similar to that of single cortical neurons. We shall discuss the differences
between the response properties of blobs and interblobs, and show that optical
imaging of intrinsic signals can be used to study the LC sensitivity, SF and
TF tuning in spatially localized regions of cortex, such as the blobs.

Support: NIMH R01 MH50166-01, EY 4888 and ONR N0014-93-1-2079.
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689.12
THE ROLE OF THE ASCENDING SEROTONERGIC SYSTEM IN CORTICAL
NITRIC OXIDE PRODUCTION. M.J. Friedlander*. F.W. Hessr-CD. Gancavco.
B.D. Waterhouset and R.C.S. Lint. Neurobiology Research Center and Dept, of
Physiology and Biophysics, Univ. of Alabama at Birmingham, 35294-0021 and
fDept. of Anatomy and Neurobiology, Hahnemann Univ., Philadelphia, PA 19102.
Nitric oxide (NO) production amplifies NMDA receptor-mediated glutamate release
in the rodent cerebral cortex (Montague et al., Science. 263:973-977, 1994). Intrinsic
nitric oxide synthase (NOS) or NADPH-diaphorase (NADPHd) positive neurons
represent a small fraction (< 2%) of cortical neurons, yet the cortical neuropile is richly
invested with NADPHd positive profiles. We investigated whether the ascending
serotonergic pathways contribute to the NOS activity in the sensory neocortex of
guinea pigs and rats. Cells of the dorsal raphe (DR) that project to the cortex were
retrogradely labeled with fluorescent tracers and then stained for NADPHd and/or reacted
immunohistochemically for serotonin (5-HT). Three sets of animals received
intraperitoneal injections of the serotonergic neurotoxin, 5,7-dihydroxytryptamine (5,7DHT) or vehicle over two weeks at 75 (lg/kg. They were evaluated for NADPHd
histochemistry and the ability of cortical synaptosomal preparations to release
endogenous glutamate in response to direct depolarization with 50 mM K+ or to 100
pM N-methyl-D-aspartate (NMDA). We found that large numbers of 5-HT positive
cells in the midline of DR that project to sensory cortical areas also are NADPHd
positive and that 5,7-DHT treatment reduced NADPHd reactivity in the cortical
neuropile, but did not reduce the number of intrinsic cortical NADPHd positive cells.
Moreover, 5,7-DHT treatment reduced the NMDA receptor-NO-mediated release of
endogenous glutamate by 40% relative to control without affecting direct
depolarization-induced neurotransmitter release. Thus, the ascending serotonergic
projection from the DR contributes significantly to the NO producing neuronal
circuitry in neocortex.
Supported by EY05116, P50 HD329010-01, HFSP RG-69/93 and NS 29161.

689.13
THE ROLE OF NITRIC OXIDE IN MODULATING THE VISUAL RESPONSE
OF NEURONS IN CAT STRIATE CORTEX. P.Kara* & M J. Friedlander.
Neurobiology Research Center and Dept. of Physiology & Biophysics, Univ. of
Alabama at Birmingham, 35294-0021.
Nitric oxide (NO) has been postulated to play a role in synaptic plasticity
and development of the mammalian forebrain (Gaily et al., PNAS. 87:3547-3551,
1990; Bohme et al., Eur. J. Pharmacol.. 199:379-381, 1991). We recently
demonstrated that NMDA receptor activation leads to NO production that enhances
release of glutamate in synaptosomal preparations from the cerebral cortex
(Montague et al., Science 263:973-977, 1994), and that NMDA receptor activation
leads to potentiated synaptic transmission at excitatory synapses in cortical slice
preparations (Harsanyi & Friedlander, Soc. Neurosci. Abstr.. 21, 1995). In the
present study, we have explored the role of NO in modifying visual responses in
striate cortex, in vivo. Combined extracellular single-unit recordings and local
micro-iontophoretic pharmacological manipulations were performed in 7
anesthetized and paralyzed cats. Three to five barrel micropipettes attached to
tungsten-in-glass recording electrodes were used to deliver (a) nitric oxide synthase
(NOS) inhibitors: L-nitro-arginine (LNA) or L-mono-methyl-arginine (LMMA), (b)
their inactive D-enantiomers, and (c) the natural substrate for NOS: L-arginine.
Thus, the endogenous NO turnover was manipulated while evaluating neural
responses to drifting visual stimuli of optimal and sub-optimal configurations. For
15 of 22 neurons, NOS blockade (via application of 20-80 nA through the LNA or
LMMA barrels) reduced the visual response and spontaneous activity by 20-80%. In
5 neurons, NOS blockade specifically facilitated the visual response by 40-100%.
Equivalent iontophoretic currents through barrels containing D-forms of the NOS
inhibitors were ineffective. These findings suggest that NO or its metabolites may
play a role in signal amplification in the intact primary visual cortex.
Supported by NIH EY05116, HFSP RG-69/93 and the Helen Keller Foundation.
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690.1

690.2

VOLTAGE-DEPENDENT STATE TRANSITIONS OF SQUID
NEURONAL CALCIUM CHANNELS. M.B. McFarlane* and.
W.F. Gillv. Departments of Molecular and Cellular Physiology and
Biological Sciences, Hopkins Marine Station of Stanford University,
Pacific Grove, CA 93950.
We have studied the gating of fast-deactivating (FD) Ca channels
of squid giant fiber lobe (GFL) neurons using whole-cell voltage clamp.
Prolonged depolarization causes the appearance of a second open state
of FD Ca channels (O2) whose existence is observable as a difference in
the rate of channel closure (measured from tail currents) that is roughly
2-fold slower than from the normal open state (Oi). Entry into O2
follows an exponential time course (x - 120 ms at +80 mV). Neither 7ca
amplitude of channels in O2 nor the activation kinetics of /ca are
significantly different from channels in Oj. FD Ca channels recover fast
(Oi) closing giketicswithth 50 ms at a80 mV (x = 9-16 ms). SiSin thts
recovery is possible at potentials where channels are likely to be closed,
channels in O2 appear to open and close along a pathway independent
from (but similar to) that leading to Oj. Further evidence for the Oj ->
O2 transition is supported by the blocking effects of NiCl2. Following
prepulse depolarization, the level of Ni block increases as entry into O2
progresses. Recovery (O2 -» Oi) is observed at 0 v V in the presence of
Ni, as the O^-blocked level returns to that of Oi (x = 14 vs). These
slower tail current kinetics would be observed as an increase in mean
open time at -80 mV on the microscopic (single channel) level. Such
behavior at negative potentials could lead to an increase in calcium influx
at the motor terminal following repetitive giant axon stimulation.

NICKEL MODULATES TWO DISTINCT EFFECTS ON NEURONAL
CALCIUM CHANNELS: BLOCK AND INHIBITION OF ACTIVATIONGATING. G.W. Zamponi. E. Bourinet. S.J. Dubel* and T.P. Snutch. Biotechnology
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Laboratory, Univ. of British Columbia, 237-6174 Univ. Blvd. Vancouver, B.C.
Canada V6T 1Z3.
Nickel ions have been reported to exhibit differential effects on voltage-gated
calcium channels. To obtain a more precise characterization of nickel action we have
investigated the effects of nickel on four major classes of cloned neuronal calcium
channels (a]A, aiB, aiC and aiE) transiently expressed inXenopus oocytes. Nickel
caused two major effects: 1) block of macroscopic currents and 2) a shift in the
current-voltage relation towards more depolarized potentials which was paralleled by
a decrease in the apparent number of gating charges. In 10 VM Ba, block followed
1: 1 kinetics and was most pronounced for aiC, followed by aig, ajA, and a,B
channels. In contrast, the change in activation-gating was most dramatic with atE,
with the remaining channel subtypes being less affected. The current-voltage shif was
well described by a simple model in which nickel binding to a saturable site resulted
in altered gating behaviour. Both the affimty for block and the shif in current-voltage
were reduced upon increasing the external permeant ion concentration. Replacement
of Ba with Ca reduced both the degree of nickel block and the effect on gating for otj a
and aic channels, but increased the nickel blocking affinity for atE channels. The
coexpression of Ca channel p subunits was found to differentially influence nickel
effects on aM: the Pa, and p4 subunits resulted in larger current-voltage shifts
compared to the Pib, while elimination of the p subunit almost completely abolished
the gating shifts. In contrast, block was similar for the three P subunits, while
complete removal of the p subunit resulted in an increase in blocking affinity.
Qualitative and quantitative differences in the dependence of the effects of nickel
concentration on gating and block suggest two distinct nickel binding sites on
neuronal calcium channels.
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POLYAMINES INHIBIT VOLTAGE-GATED Ca2+CHANNEL CURRENTS IN
DORSAL ROOT GANGLION NEURONS AND IN OOCYTES EXPRESSING
CLASS B Ca2+ CHANNELS. G.W. Campbell*1. R.A. Gross2 andD.M. Rock1.
'Neuroscience Therapeutics, Parke-Davis Research, 2800 Plymouth Rd., Ann
Arbor MI 48105 and 2Depts. of Neurology and Pharmacology, University of

Rochester Medical School, 601 Elmwood Ave., Rochester, NY 14642.
Endogenous polyamines interact with a variety of ligand- and voltage-gated ion
channels and may play a role as neurotransmitters or neuromodulators in the
central nervous system (CNS). The effects of polyamines on glutamate receptors
has been studied in detail, less is known about the interaction of polyamines with
voltage-gated Ca2+ channels (Scott, RH etal. TINS, 16:153-1:5?^, 1993). Using
whole-cell and two-electrode voltage-clamp techniques, we studied the effects of
endogenous and structurally-related synthetic polyamines on Ca2+ channel currents
in Dorsal Root Ganglion (DRG) neurons and in oocytes expressing Class B (Ntype) Ca2+ channels.
High concentrations (100 pM -10 mM) of the endogenous polyamines spermine
(SP) and spermidine (SD) reduced the peak amplitude of high voltage activated
Ca2+ currents in DRG neurons, with SP being more potent than SD. The synthetic
polyamine arcaine inhibited DRG Ca2+ currents only at 10 mM. In preliminary
experiments, SP (300 pM - 10 mM), SD (1 and 3 mM) and long chain diamines
(100 pM) reduced the peak amplitudes of expressed Class B Ca2+ currents, while
equivalent concentrations of putrescine, cadaverine and diethylenetriamine did not
affect peak current amplitudes.
These results suggest that high concentrations of released polyamines may have
a presynaptic action, by affecting voltage-gated Ca2+ channels, as well as a
postsynaptic action on both voltage- and ligand-gated channels to affect
neurotransmission in the CNS.
This work was supported in part by NS 19613 (RAG).

WEDNESDAY PM

690.4
FUNCTIONAL INTERACTION OF SYNTAXES WITH N-TYPE
AND Q-TYPE CALCIUM CHANNELS.
I. BeeproszvanniA R.H. SShhller. R.W. Tsien.. IDpt. oo Molee. Cee.
Physiol., Beckman Ctr., Stanford Univ. Med. Ctr, Stanford, CA 94305
Syntaxin is known to interact directly with N-type Ca channels (e . g.
Bennett et al., Science 257:255; Lev^ue et al., JBC 269:6306; Horikawa
et al., FEBS Let. 330:236; Sheng et al., Natron 13:1303). A Xenopus
oocyte expression system was utilized in order to investigate whether
interaction with syntaxin has any effect on the functional properties of Ca
channels. It was found that coexpression of N-type (aiBp30Q) channels
with syntaxin 1A promoted inactivation, causing a ~20 mV shift in the
channel steady-state inactivation curve towards more negative holding
potentials. The rate of channel recovery from inactivation was decreased
2-3 fold in the presence of syntaxin, also consistent with preferential
binding of syntaxin to the inactivated state of the channels. The C-terminal
(a.a. 168-288) but not N-terminal (a.a. 1-190) of syntaxin 1A influenced
channel gating. When expressed in oocytes, Ca channels encoded by
ctiAfray (likely Q-type) were also affected by syntaxin in a similar way.
Since N-type and P/Q-type channels contribute jointly to transmitter
release at nerve terminals, these data suggest that besides its role as a
docking site for synaptic vesicles, syntaxin may also modulate presynartih
Ca channel activity.

690.5

690.6

CONCERTED ACTIONS OF MULTIPLE CALCIUM CHANNELS IN
EXCITATORY SYNAPTIC TRANSMISSION. D.B. Wheeler*. A. Randall
and R.W. Tsien. Department of Molecular and Cellular Physiology, Beckman Center
B103, Stanford University School of Medicine, Stanford, Ca 94305.
We have investigated the basis of the concerted actions of different Ca2+ channel
subtypes in triggering neurotransmitter release at CA3-CA1 synapses of rat hippocampal slices. The K+ channel blocker, 4-aminopyridine (4-AP), was used to modify the presynaptic action potential (AP) in hippocampal area CA1, elicited by field
stimulation of the Schaffer collateral/commisural fiber bundle. Intracellular recordings
with sharp electrodes showed that 100 pM 4-AP broadened the AP recorded in CA3
somata by slowing the repolarization phase. 4-AP caused a two-fold increase in the
slope of the field excitatory postsynaptic potential (EPSP) and eliminated the dependence of synaptic transmission on N-type Ca2+ channels. The latter effect was reversed by lowering extracellular Ca2+ concentration ([Ca2+]o). The effects of APbroadening on Ca2+ influx through various channels were studied by application of
mock APs to voltage-clamped, cultured cerebellar granule neurons. Slowing the repolarization phase of a mock AP increased current carried by N-, P/Q- and R-type channels to a similar extent. The sensitivity of the field EPSP to variations in [Ca2+^
was studied in the absence and presence of 4-AP. The form of this relationship indicated that as Ca2+ influx was progressively increased, increases in synaptic strength
would eventually approach saturation. The relative impact of spike broadening is
greatly increased by the selective inhibition of either N- or Q-type channels. This is
of potential physiological importance for circumstances where either type of channel
is selectively down-modulated. Our findings are consistent with a simple scenario in
which N- and Q-type channels both contribute Ca2+ influx to help trigger transmitter
release in individual synaptic boutons. The dependence on multiple types of Ca2+
channels is not absolute, however, because simply increasing AP duration increases
Ca2+ influx through both kinds of Ca2+ channels, thereby lessening the dependence
of synaptic transmission upon any one subtype.

DIFFERENTIAL EXPRESSION OF P- AND Q-TYPE CALCIUM
CURRENTS DURING EARLY DEVELOPMENT OF SENSORY
NEURONS.
J. ValmierfS. Diochot. G. Desmadrvl. C. Hilaire. M. Baldv-Moulinier.
C.J. Dechesne . S. Richard. INSERM U. 249, 34033 Montpellier,
France.
Analysis of neuronal development has emphasized the importance of
voltage-activated Ca^+ currents (lea) during the initial period of

differentiation. Whether the new identified non L, non N highthreshold calcium current subtypes are present in early embryonic
neurons and developmental^ regulated is still unknown. To resolve
these issues, we used the whole-cell patch-clamp technique to record
calcium current in dorsal root ganglion (DRG) neurons acutely
dissociated from mouse embryos during development. We report
dramatic in vivo changes in the expression of P-, O- and R-type
calcium currents between embryonic days-13 and -15, respectively
before and after the period of target innervation. AB three currents were
distinguished on the basis of their sensitivity to AgalVA. While R-type
was stable over this developmental span, Q-type expression increased
2-3 fold and P-type current disappeared completely. These data show
that P-, Q- and R-type calcium current are expressed by early
embryonic DRG neurons, are developmentally regulated and are
probably involved in specific key developmental events including
natural neuron death and onset of synapse formation.

690.7

690.8

COORDINATION OF EXPRESSION OF N-TYPE CALCIUM CHANNEL
SUBUNITS THROUGHOUT DEVELOPMENT. M.W.McEnerv*. T.D.
CopeIandA I. Striessnigt, H. Glossmann*, M. Pacioianu and C.M. Begg .
Dept, of Physiology and Biophysics, Case Western Reserve University,
School of Medicine, Cleveland, OH 44106, AABL-Basic Research Program,
NCI-Frederick Cancer R & D Center, Frederick, MD 21702, and Dept. of
Molecular Pharmacology, University of Innsbruck, Innsbruck, Austria.
The omega-conotoxin GVIA sensitive N-type voltage-dependent calcium
channel (N-type VDCC) is implicated in many neuronal processes which
include neurotransmitter release, neuronal migration, and synaptic vesicle
docking. The N-type VDCC is comprised of several non-identical subunits
as indicated by both biochemical studies (McEnery, et al., 1991; Witcher,
et al., 1993 Leveque, et al., 1994) and molecular cloning. While there is
little question that the alphal subunit protein of the N-type VDCC
corresponds to the class alphalB isoform, (Dubel, et al., 1992; Williams,
et al., 1992), the identity of the beta subunit associated with the alphalB
subunit remains controversial. In addition, there is no information on the
time course for the assembly of the N-type VDCC from component
subunits. The purpose of this study is to examine the level of expression
and assembly of alphalB subunits and all beta subunits throughout
development using a panel of anti-peptide, affinity purified antibodies to
the rat alphalB and beta subunits. The level of subunit expression
throughout development when correlated with the density of
P25IJconotoxin binding sites may indicate the time course of subunit
assembly and the acquisition of functional [ 125IJCTX binding sites. [This
work was supported in part by a grant from LHIMRF (MWM) and by the
National Cancer Institute, DHHS under contract No. NO1-C0-74101 with
ABL (TDC)l.

LOCALIZATION OF PYRAMIDAL NEURONS THAT HAVE THE TTYPE CALCIUM CURRENT IN GUINEA-PIG PREFRONTAL CORTEX.
E. Geijo-Barrientos* andE .de le Pefle. Imtituto de Neurucieneiasy Deperlaimentn
de Fisiologia, Universidad de Alicante, 03080-Alicaote, Spain.
One of the calcium currents present in cortical neurons is the low threshold
calcium current or T type current, which contributes to the generation of rhythmic
activity and bursts of action potentials. We have studied the distribution of the
pyramidal neurons that have this current within guinea-pig prefrontal cortex. The
experiments were done in coronal slices of 300pm of thickness that included the
prefrontal cortex kept “in vitro” at 33-34 °C. Neurons were impaled with 3M
potassium acetate filled electrodes to obtain recordings in current-clamp or single
electrode voltage-clamp (SEVC), always in the presence of TTX (lpM) and TEA
(lOmM); the neuronal morphology was studied with intracellular staining with
neurobiotin. Io a sample of 125 regular spiking pyramidal neurons, 60% of the
neurons had the T current, directly recorded under SEVC or recorded, in current
clamp, as i calcium spike of 15-20 mV of amplitude activated from membrane
potentials more negative than -70mV. The neurons which had the T curcros were
localized in the mid-deep layers of the cortex, at more than 400pm from the pial
surface and were absent in a band of 200 pm of thickness located -ust below layer
I. NeNeum tfittdid donot ahdeite currerewere eoundin nlllayare of tht rortes
(except in layer I) though slightly more frequently in superficial layers (between
200 and 600 pm from the cortical surface). These results provide a direct
demonstration that low threshold calcium current is expressed in pyramidal
neurons located in particular layers of prefrontal cortex.
Supported by Grant PB92-0347 from the DGICYT (Spain).
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690.9
INOSITOLPHOSPHATES MODULATE LIPID BILAYER RECONSTITUTED
CALCIUM CHANNEL ACTIVITY. B.D. Cherksev*. M. SummoH and R. Llinas.
Dept. Physiology & Neuroscience, New York University Medical Center, 550 First
Avenue, New York, NY 10016.
The effects of the phosphoinositides on P-type calcium channel activity was
studied in cerebellar membrane vesicles and on the isolated P-channel protein using
the “tip-dip” bilayer technique. Cerebellar membranes were obtained from freshly
dissected cerebella. The membrane vesicle preparation was implemented in 400 mM
sucrose. Electrical activity was measured in solutions containing 80 mM BaQ2,
10 mM HEPES, pH 7.4 in the bath; 120 mM CsCl, 10 mM HEPES, pH 7.4 in
the pipette.
P-channel protein was obtained using the polyamine, 1-arginyl N,N',-Bis(3aminopropyl)-1,4-butane-diamine, which we have previously termed synthetic
sFTX(3:4) coupled to Sepharose 4B CL via a 1,4-Butanediol Diglycidol ether
linkage. This affinity gel allowed the extraction of a protein from bovine
cerebellum homogenate. The electrical activity was measured in solutions
containing: 80 mM BaC12, 10 mM HEPES, pH 7.4 in the pipette; 120 mM CsCl,
10 mM HEPES, pH 7.4 in the bath.
To study the effect of phosphoinosides on electrical activity from membrane
vesicles, the compounds were added to the solution in the pipette (cytoplasmic face
of the channel) in concentrations ranging from 0.1 uM to 1.0 uM. IP3, at
concentrations greater than 0.3 uM was found to produce an increase in the number
of electrical events at any holding potential without an increase in the average open
time per event. The electrical activity was blocked by the .addition of sFTX to the
bath. Neither PIP nor IP4 produced an activation of the P-channel nor did the
synthetic stereoisomer of natural IP3. IP3 was without effect when applied to the
bath (extracellular face of the channel).
Studies of the phosphoinositides on the isolated, reconstituted P-channel produced
an identical pattern of results. The activation of the P-channel was prevented by the
addition of heparin at a concentration of 100 pg/ml.
Support: NIH-NS13742 and NIA-AG09480.

TRANSPLANTATION II

691.1

691.2

DOPAMINERGIC RESPONSES TO STRIATAL INJURY. D.W.Howells*.
G.T.Liberatore. J.Y.F.Wong. G.A.Donnan. University of Melbourne, Dept, of
Medicine, Austin and Repatriation Medical Centre, Heidelberg, VIC 3084, Australia.
A potential therapy for Parkinson’s disease lies in the stimulation and control of
neurite outgrowth from nigrostriatal dopaminergic neurones. We have previously
shown that the injury associated with implantation of gel foam to normal mouse
striatum increases binding of [3H]-mazindol to presynaptic dopamine uptake sites 10
months after implantation (P<0.01). When combined with the observation by others
of increased density of host tyrosine hydroxylase immunoreactive fibres after striata!
grafting or cavitation, it seems likely that striatal injury is stimulating proliferation
and sprouting of dopaminergic terminals. We have now shown that striatal cavitation
induces a concerted response from the dopaminergic system with proliferation of
striatal presynaptic dopamine uptake sites (P<0.05), increased tyrosine hydroxylase
activity (P<0.05), and increased concentrations of dopamine (P<0.05),
dihydroxyphenylacetic acid (P<0.05) and homovanillic acid (P<0.05). Interestingly,
while the changes of presynaptic dopamine uptake site density are only seen
ipsilateral to the striatal lesion, the changes in tyrosine hydroxylase activity,
dihydroxyphenylacetic acid and homovanillic acid concentrations are bilateral. These
presynaptic changes are accompanied by decreases of the predominantly postsynaptic
binding of {3H]-SCH23390 and [3H]-sulpiride to the Dt and D2 classes of dopamine
receptors in the striatum. The density of presynaptic dopamine uptake sites, D) and
D2 receptors in the substantia nigra does not change after striatal injury. The striatal
response to injury first becomes apparent 2 weeks after cavitation and gradually
increases with time, resulting in a doubling of the DOPAC concentration and
presynaptic dopamine uptake site density within 2 and 10 months respectively. If
similar changes occur after intrastriatal transplantation in human Parkinsonism, the
time frame and extent of the host dopaminergic responses would suggest that they
may make a significant contribution to any observed clinical improvements.

XENOTRANSPLANTATION AND ANTIGEN MASKING OF FETAL
PORCINE VENTRAL MESENCEPHALON IN A RAT MODEL OF
PARKINSON’S DISEASE. W.R. Galpern*1A L.H. Bum$1, T.W. Deacon 1,
J_Dmsnimor,£inai O . Isacsosin 'NeuroregeneretionLaborarory,McLcanHosoital,
Belmont, MA, 02178; ODeprj-tmert of Neurology oh O Program in Neuroscience,
Harvard Medical School, Boston, MA, 02114; 3Uriversity of Massachusetts Medical
Center, Worcester, MA, 01655; 4Diacrir, Irc., Charlestown, MA, 02129.
The practical arO ethical limitations inherent to current human
reurotrorsploHtotroH protocols suggest the potential utility of developing alternate cell
sources. Fetal porcine HnugOHol xenografts car survive in and functionally
reiHHervote the host CNS using conventional immunosuppression.
Xenotransplantation of fetal porcine Heurorlocts pretreated with antigen birding
fragments [F(ab’)2 ] of a monoclonal antibody to porcine major histocompatibility
complex (MHC) class I may provide oh adjunct or alternative to current
immunosuppression regimens. We have recently shown that F(ab')2 pretrnotmeHt
enhances striatal xenograft survival ir a rat model of Huntington's disease (BORzo^r,
et ol.. UrotecoirHor, '95, 65, 983-996). Ir order to evaluate the rmmunopreteotive
efficacy of F(ab')2 masking of porcine MHC I ir the 6-hydroxydopamire (6-OHDA)
model of Parkinson's disease, rats were traHcplarted with fetal porcire ventral
mesencephalon cell suspension into the dernrvateO striatum ard received either A)
daily cyclosporine (10 mg/kg, sc), B) F(ob')2-pretreated cells, or C) ro
immunosuppression. Behavioral recovery wos moritored by amphetamire-irduced
rotatior at approximately 6 week intervals followirg trarsplartatior. Rots were
coorifioeO at 19 weeks poct-trarcplart, arO xenograft survival arO axoral growth were
assessed by tyrosine hydroxylase (TH) ord Oeror-cpeoifio glial immorostainiHg. THpositive neuronal survival was greater ir the cyclosporine group than ir either the
F(ab')2 or ro immunosuppression groups. Ongoing studies are aimed at evaluating
the xenograft rejection process associated with cyclosporine discontinuatior and
determining whether F(ab')2 treatment is able to irduce tolerance ard prevent graft
rejection followirg removal of cyclosporine immunosuppression.

691.3

691.4

FDOPA-PET STUDIES IN THE VERVET MONKEY: PRE-TRANSPLANT
ASSESSMENT OF MPTP-LESION STABILITY. W.P. Meleca*. M J. Raleigh.
D.B. Stout. A.A. DeSalles. S.R. Cherry, S-C. Huang. M.E. Phelps. Molecular
and Medical Pharmacology, UCLA Sch. of Med. Los Angeles, CA 90095
Biochemical determination of the stability of MPTP-induced striatal dopamine
lesions in monkeys can be achieved only with noninvasive imaging techniques.
With PET, individual subjects can be scanned serially at pre-MPTP, and
throughout the post-MPTP time period for quantitation of the extent and stability
of the MPTP lesion over time. Unilateral intracarotid MPTP administration
allows for PET measures of ipsilateral (lesioned) striatum to be evaluated
relative to the contralateral (unlesioned) striatum. This paradigm significantly
reduces the variance associated with interstudy comparisons. For these studies,
parametric images of the FDOPA uptake rate constants (Ki) were generated by
Patlak analysis. ROIs drawn on each control were transferred onto its
corresponding post-drug image set. Pre-MPTP scans in adult male vervet
monkeys (Cercopithecus aethiops sabaeus; n = 8) showed right/left striatal Ki
ratios between 0.95 and 1.05. For the MPTP studies, subjects (n = 5) received
[18F]fluoro-L-DOPA (FDOPA)-PET scans prior to MPTP injection and at postMPTP times: 1-2, 5-7 and 9-11 months. FDOPA plasma metabolite profiles
were similar to controls. For four of five subjects, striatal Ki ratios varied less
than 5% between scans. Differences between subjects were still detected:
right/left striatal Ki ratios were between 0.10 and 0.28. One subject showed
stable post-MPTP ratios up to 7 months (0.12) but then showed partial recovery
at 9 months (0.29). The results indicate that individual variability-reaction to
MPTP occurs and that stability assessment can be obtained with FDOPA-PET.
These measures provide a baseline for accurate longitudinal assessment of postintervention (e.g. fetal transplant) strategies in this Parkinsonian model.
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EMBRYONIC DOPAMINE CELL IMPLANTS IN HUMANS WITH ADVANCED
PARKINSON’S DISEASE: RESULTS FROM 7 MONTHS TO 7 YEARS AFTER
TRANSPLANT IN 23 PATIENTS. C.R. Freed . R.E. Breeze. S.A. Schmck. M.
Leehev. C.F, O’Brier. L. Thompson. L.O. Ramie . F.G. Kaddis*J.C . MazzirttS.D.
Eide^^. and A.A. Ansari3. Univ. of Colorado Sch. of Med., Denver, CO 80262;
UCLA Sch. of Med., Los Angeles, CA 900241; North Shore University Hospital,
Manhasset, NY 110302; and Emory Univ. Sch. of Med., Atlanta, GA 303223.
Embryonic dopamine cell transplants are an evolving therapy for patients with
advanced PagkincoH’c disease. Since 1988, we have performed 23 transplants ir
patients. Two were unilateral in caudate ard putamen and 21 were bilateral into
putamen using up to 16 needle passes. Orly tissue from embryos 7 to 8 weeks post
conception was used. Tissue from a single embryo was used in 6, from 2 embryos
ir 13, and 4 embryos ir 4 patients.
Six of the first 12 patients were
immuHocopprescnd. Clinical charge was moritored by UPDRS and ADL as well as
frequent videotaping and computer testing in the home before and after first daily

doses of drugs. PET scars were performed when available. Overall results showed
1) "Oh " and "off" performaHoe improved three to twelve months after transplant. 2)
Immunosuppression offered no apparent benefit. 3) Transplant growth and clinical
improvement progressed up to four years after transplant. 4) Drug doses were

reduced ir most patients by about 50%. 5) Reduced severity of both "or" and "off"
phases and improvement ir sleep were commonly noted.
6) There was no
improvement ir memory or other cognitive tests, and patients with memory
disturbance prior to surgery were made worse for many months after surgery. 7)
Complications included ar intraoperative hemorrhage leading to death orn month
later, a cortical stroke remote from the transplant site in a patient with
cerebrovascular disease, and a small putameral bleed ir ore needle tract. 8)
Surviving tyrosine hydroxylase positive cells were seer in the patient who died.
Further evidence for transplant survival was seer or fluorodopa PET scanc.
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691.6

A NEW FRONTAL APPROACH TO EMBRYONIC NEURAL
TRANSPLANTATION IN HUMANS WITH ADVANCED PARKINSON’S
DISEASE. R.E. Breeze . C.R. Freed?S.A. Schneck. M. Leehev. andC.F, O’Brien.
Univ. of Colorado Sch. of Med., Denver, CO 80262.
Since 1988, we have used closely spaced needle tracts to deposit embryonic
dopamine cells in the putamen in patients with advanced Parkinson’s disease. This
approach through bilateral craniotomies at the apex of the skull over frontal cortex
required up to 16 needle passes. We had estimated that the risk of serious
hemorrhage was about 1/500 needle passes or less. This technique has been adopted
hy other groups performing neurotransplants. Our 17th patient had a catastrophichemorrhage (after about 300 needle passes had been made into patients under this
protocol). To reduce surgical morbidity, we devised a new transplant strategy
entering the forehead via twist drill holes. Four needle tracts are used to deposit 30
mm cores of tissue along the long axis of putamen. Tissue from 4 embryos was used
in four patients and two embryos in two patients. Six patients have undergone this
procedure and are 8 to 18 months post surgery. Surgical time was cut from 4 hours
to 2 hours. Hospitalization and postoperative headache were reduced. 3/6 patients
were discharged the day after surgery. Results parallel those seen in the total
population of 23 patients on whom we have performed transplants. For the first 3
patients, Activities of Daily Living Score fell from 23 to 10 in the "off" phase and
8 to 4 in the "on" phase by 7 to 9 months after surgery. Drug doses were reduced
by up to 50%. These results show that a frontal approach offers good transplant
outcome with apparently less surgical morbidity.

THE USE OF A COSMETIC SURGICAL PLACEBO CONTROLLED TRIAL
IN THE TREATMENT OF PARKINSON'S DISEASE. T.B. Freeman*.
D. Vawter. C.G. Goetz. R.A. Hauser. J.H. Kordower. P.R.
Sanberq, B.J. Snow and C.W. Olanow. University of South
Florida Div. of Neurosurgery, Tampa Florida.
Prospective
randomized
double-blind
placebocontrolled trials are currently utilized for evaluation
of new drugs.
However, clinical trials investigating
new surgical procedures have yet to widely include
either cosmetic surgical placebo controls ("imitation
operations") or sham surgery in the experimental design.
Our NIH-sponsored evaluation of fetal nigral tissue
transplantation in Parkinson's disease
includes a
cosmetic surgical placebo control arm.
The rationale
for this design will be discussed including:
1)
delineation of the difference between a cosmetic
surgical placebo and sham surgery;
2) examples of
detrimental
noncontrolled
surgical
trials;
3)
examination of costs and morbidity due to unnecessary
surgery in the absence of placebo controlled trials; 4)
discussion of medical placebo controlled trials where
risk is greater than in surgical placebo controlled
trials; 5) review of precedents for surgical placebo
controlled trials; 6) identification of criteria for
beginning randomized surgical placebo controlled trials;
and 7) evaluation of the use of cosmetic placebo
controlled
trials
in
transplant
protocols
for
Parkinson's disease.
A cosmetic surgical placebo controlled trial is
ethical and appropriate at this stage of scientific
knowledge, and necessary in order to accurately evaluate
efficacy of neural transplantation in the treatment of
Parkinson's disease.

691.7

691.8
GRAFT-INDUCED RESTORATION OF FUNCTION IN HEREDITARY
CEREBELLAR ATAXIA. L.C. Triarhou*. W. Zhang, W.-H. Lee. Dept. Pathol.

GROWTH, DIFFERENTIATION, AND BLOOD-BRAIN-BARRIER OF
MURINE EMBRYONIC CNS TRANSPLANTS. Stefan Isenmann*,
Sebastian Brandner, Guido Kuhne'1, Ulrich Sure, and Adriano Aguzzi.
Institute of Neuropathology, University Hospital, Zurich, Switzerland.
^auLScherrer-Institute, Villigen, Switzerland.

Telencephalic grafting of embryonic tissue represents a powerful tool for
developmental studies. We have recently used this technique to study
long term effects of various lethal mouse mutants in vivo. However, a full
exploitation of the grafting approach requires a thorough knowledge of
the biological behavior of grafted tissue.
We nave characterized the biological properties of embryonic
telencephalic tissue isolated at different developmental stages and
grafted into the caudoputamen and lateral ventricles of histocompatible
mice. 164 grafts were analyzed up to 500 days after transplantation.
Grafted cells were identified by autoradiography to 3H-tnymidine.
Proliferation was examined by immunocytochemistry to 5-bromo-2’deoxyuridine (BrdU). The graft size was measured as a function of the
embryonic age of the donor tissue at transplantation. The time course of
blooa-brain-oarrier reconstitution was examined in vivo by contrast
enhanced magnetic resonance imaging (MRI) and we compared the results
with various histological techniques m individual grafts.
Transplantation of embryonic telencephalic tissue resulted in the
formation of solid neural grafts in 79% of all transplants. Our data
indicate that the optimal time point for grafting murine telencephalic
tissue is embryonic day E 12.5. Grafts transplanted at this stage resulted
in 87% takes and grew larger and more reproducibly than tissue obtained
at earlier or later stages. Proliferative activity was initially brisk (up to
35%), but ceased during the third week after transplantation. The bloodbrain-barrier was shown to be reconstituted in most cases 7 weeks after
transplantation. These data on the biology of wild type grafts provide
important baseline information for studying grafts or "knock out" and
transgenic tissue of embryonic lethal phenotypes.
S.I. is supported by a postdoctoral fellowship of the Boehringer Ingelheim
Foundation.

691.9
FATES OF CORTICAL AND CEREBELLAR PROGENITOR CELLS
TRANSPLANTED INTO THE NEONATAL SUBVENTRICULAR
ZONE. T. Zieova* !, R. Betarbet!* R.A.E. Bakay^ and M.B. Luskin^.
*Depts. of Anat. and Cell Biology & 2 Neurosurgery, Emory Univ.
School of Medicine, Atlanta, GA 30322.
Our studies have shown that cells derived from the anterior part of the
neonatal subventncular zone (SVZa) are destined to become intemeurons of
the olfactory bulb (OB). The migration of SVZa-derived neurons to the OB
does not appear to be guided by radial glia, although SVZa-derived neurons
traverse a stereotypical path to the middle of the OB. Upon reaching the
OB they ascend radially into one of overlying cellular layers. Recently, we
have demonstrated that homotopically transplanted SVZa-derived cells
adopt a spatio-temporal pattern of migration that is indistinguishable from
that ordinarily used by SVZa-derived neurons. Here we investigated
whether newly-generated neurons, which usually migrate along radial glia,
can navigate the highly restricted path adhered to by SVZa-derived cells.
Dissociated cells from the ventricular zone (VZ) of the embryonic day 16 or
17 rat telencephalon or from the external granule cell layer (egl) of the
postnatal day 5 (P5) or P6 cerebellum, were labeled with either the cell
proliferation marker BrdU or the fluorescent lipophilic dye PHK26 and
stereotaxically implanted into the SVZa of P0-P2 rats. We found that
heterotopically engrafted VZ cells, remained at the site of injection in the
host SVZa. In contrast, heterotopically transplanted egl cells traversed the
migratory pathway, although most did not migrate away from the middle of
the OB. These results suggest that cells of different origins have varying
abilities to decipher the guidance cues associated with the migratory
pathway of SVZa-derived cells. Supported by NIH and March of Dimes.
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Lab. Med. & Pediatrics, Indiana Univ. Sch. of Med., Indianapolis, IN 46202-5120
We have been using pcd mutant mice, a model of recessively inherited

cerebello-olivary atrophy, to study the structural integration of transplanted
wild-type Purkinje cells into the disrupted cerebellar loop (Ann. Neurol 20:
138, 1986; Anat. Embryol. 176: 145, 1987; Neurochem. Res. 17: 475, 1991). The
aim of the present study was to determine the recovery of behavioral
responses after bilateral grafting of El 2 cerebellar cell suspensions into the
deep cerebellar nuclei of the hosts, according to a protocol that emphasizes
reconstruction of the missing cortico-nuclear projection (Anat. Embryol. 185:
409,1992). Motor coordination and fatigue resistance were assessed in a rotarod treadmill apparatus for mice. Mutants of the sham-operated group (n=6)
stayed on the rotating drum for an average of 3.3 sec preoperatively and 3.0
sec postoperatively; pcd mice in the transplant-receiving group (n=6) stayed
on the drum for 3.8 sec preoperatively and 13.5 sec postoperatively; the
graft-induced 255% improvement was statistically significant at P=0.027.
Moreover, grafted mice were able to sustain the abdomen raised above the
ground on their limbs during movement, contrasting to the typical lowered,
widened stance of pcd mutants. The viability of transplanted Purkinje cells
was verified with immunocytochemistry for calbindm-DMk and GIUR2/3
AMPA receptor subunits. An axonal innervation was supplied by donor
Purkinje cells to the deep nuclear complex of the host. Further, most of the
transplanted Purkinje cells had migrated to occupy cortical localities, and
displayed a correct orientation of their dendritic trees toward the pia. Our
findings provide the first demonstration of motor enhancement in a model of
inherited cerebellar ataxia after intraparenchymal grafting of fetal cerebellar
neurons. (Supported in part by USPHS grant award R29-NS29283).

691.10
MAINTAINED NEUROTROPIC SPECIFICITY IN RECONSTRUCTION OF
THE ADULT CNS BY NEURAL TRANSPLANTS O. Isacson*. T.W. Deacon.
W.R. Galpern. L.H. Burns. L DinsmoreU P. Pakzaban Neuroregeneration
Laboratory, McLean Hospital, Belmont, MA 02178, Department of Neurology
and Program in Neuroscience, Harvard Medical School and (1) Diacrin,
Charlestown, MA.
Neuron-target interactions during normal development of the mammalian
CNS follow phenotypic and species determined cellular schedules. This order
may suggest that developmental timing is essential for correct growth of the
maturing CNS. To determine the capacity of fetal neural tissue to interact with
the adult CNS in heterochronic circuitry reconstruction, fetal porcine striatal
(LGE) or ventral mesencephalic (VM) cells were transplanted into ectopic or
homotopic sites of immunosuppressed adult rats. Grafts developed and stained
for a pig-specific neurofilament marker (70 kD neurofilament; NF70), a pigspecific astroglial cell marker (CD44) and other graft and host specific markers.
LGE cell implants placed in the adult lesioned striatum grew axons into whitematter tracts with anatomically appropriate projections into gray matter
striatal target-zones, globus pallidus, entopeduncular nucleus and substantia
nigra pars reticulata. CD44-immunoreactive graft glial cells extended long
fibers into host white matter tracts, but not into gray matter target-zones. VM
grafts placed ectopically in striatum grew TH+ dopaminergic axons directly into
striatal gray matter but not into white matter tracts. Conversely, NF70 staining
demonstrated that non-dopaminergic neurons from such VM cell grafts projected
specifically to gray matter zones of thalamic ventral anterior/ventral lateral,
centrolateral, parafascicular and mediodorsal nuclei, consistent with projection
patterns of neuronal phenotypes normally found in substantia nigra pars
reticulata and deep mesencephalic nuclei. Axons from fetal VM cells placed in
mesencephalon also projected to these host targets. Our findings indicate that
neurotropic signalling for anatomic specificity seen during development is
maintained over long-distances also in the mature CNS.

WEDNESDAY PM
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691.12

NEUROTROPHIN AND TRK RECEPTOR UPREGULATION IN REGIONS OF
TARGETED NEOCORTICAL CELL DEATH COINCIDES WITH DIRECTED
MIGRATION AND DIFFERENTIATION OF TRANSPLANTED NEURAL
PRECURSORS. Y. Z. Wang* and J. D. Macklis. Dept, of Neurology & Prog, in
Neuroscience, Harvard Medical School, Children's Hospital, Boston, MA, 02115
Transplanted embryonic neocortical neurons and clonal, multipotent neural
precursors undergo directed migration and differentiation that is sharply limited to
regions of targeted photolysis in mice, in which pyramidal neurons undergo apoptotic
degeneration. To investigate the mechanisms of microenvironmental alteration
underlying this directed migration and differentiation that occurs approximately 4-21
days after initiation of neuronal degeneration, we examined the gene expression of
neurotrophic factors and trk receptors in geographically defined regions undergoing
targeted apoptosis. We compared these regions to control regions in intact mice and to
control regions adjacent to the targeted areas. Pyramidal neurons in C57B/6J mice were
retrogradely targeted with photoactive nanospheres and noninvasively activated at 4
weeks of age to initiate apoptotic degeneration in lamina II/III of neocortex. We
examined the experimental and control regions for mRNA levels of NGF, BDNF, NT3, NT-4/5 and trkA, B, C by Northern blot analysis. BDNF, NT-3, NT-4/5 and trkB
were specifically induced over the period of ongoing apoptosis in the experimental
regions. TrkB mRNA increased earliest, with a maximum at 3 days and reduction
rapidly after 6 days. Induction of BDNF mRNA began at 1 day with maximal
induction at 6 days, then gradual decrease to control levels 21 days after initiation of
cell death. NT-3 and NT-4/5 mRNAs were upregulated between 1 and 8 days after
initiation. NGF and trkA, C mRNAs were not altered. Control regions from intact
and experimental mice showed no mRNA upregulation. These findings suggest that
the induction of BDNF, NT-3, NT-4/5 and trkB mRNAs are specific molecular effects
of targeted apoptosis that may partially underlie developmentally appropriate cellular
behavior in regions of photolytic degeneration in adult mice. Further characterization
and cellular localization may provide insight regarding signaling pathways responsible
for neuronal migration and differentiation during development, and toward potentially
therapeutic neural precursor transplantation.

EVIDENCE SUGGESTING MIGRATION OF HOST NEURONS INTO FETAL
ANTERIOR HYPOTHALAMIC GRAFTS. M.N. Lehman*. J. LeSauter. C. Kim,
and R. Silver. Dept. Cell Biol., Neurobiol. & Anat., Univ. Cincinnati Coll.
Med., Cincinnati, OH 45267; Dept. Psychol., Barnard Coll., New York, NY
10027.
Recent work has demonstrated that migration of neuronal precursors
continues in the adult mammalian brain (Lois & Alvarez-Buylla, Science.
264:1145, 1994). While studying intraventricular fetal anterior hypothalamic
(AH) grafts, we have found surprising evidence suggesting that a subset of
adult host neurons, or their progenitors, migrate into these grafts. Fetal
(E15) hamster AH tissue was implanted into the third ventricle of
immunosuppressed adult, SCN-intact rats (n=9). Graft recipients were
perfused after 2 weeks and every fourth brain section (50 pm) was
immunostained using a neurofilament (NF) antibody (RMO108, gift of Dr. V.
Lee) that recognizes rat but not hamster NF. AH grafts in 6 of 9 recipients
were robust and viable, and 5 of these showed substantial fiber ingrowth
from the host, specifically from attachment sites along the dorsal and lateral
edges of the third ventricle. In addition, within each of these grafts, large
(20-30 pm soma diameter) neurons of presumptive host origin were seen in
association with host fibers. Sections from each graft contained between 315 host neurons; some cells were located 250-300 pm from the graft-host
border. The migration of adult neurons, or their precursors, into fetal grafts
may represent a previously unsuspected aspect of potential plasticity in the
adult brain. Whether this is dependent on the source of fetal tissue or its
site of implantation is not known. Experiments are underway to determine
whether this phenomenon is unique to xenografts, perhaps reflecting the
absence of species-specific inhibitory signals, or a general feature of
homografts as well. Supported by NIH NS28175 (MNL) and NS 24292 (RS).
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692.1

692.2

CORTICAL CONNECTIONS FROM PHYSIOLOGICALLY DEFINED
NUCLEI OF THE SOMATOSENSORY THALAMUS OF MACAQUE
MONKEYS. L.A. Krubitzer1*. S.L. Florence2. N, Jain2, and J.H.

HUMAN THALAMIC NEURONS RECEIVE SUBLIMINAL INPUT
FROM. REGIONS THAT ARE ADJACENT TO THEIR NATURAL
MECHANICAL RECEPTIVE FIELDS. Z.H.T. Kiss*. K.D. Davis. R.R.
Tasker. A.M. Lozano. J.O. □ostrovsky. Departments of Surgery and
Physiology, University of Toronto, Toronto, Ontario, Canada.
Acute deafferentation has been shown to cause rapid alterations in neuronal
receptive fields (RFs) in the human thalamus. The RFs of tactile neurons tend to
shift/expand into regions immediately adjacent to those of the original RFs. when
input from the original RF is eliminated. The aim of this study was to test the
hypothesis that thalamic neurons receive subliminal inputs from regions adjacent to
their receptive fields, as such inputs might form the basis for the
deafferentation-induced effects.
During stereotactic thalamic exploration in patients being treated for pain or
tremor, microelectrode recording identified neurons responsive to mechanical stimuli
delivered to small RFs on the hand. In 10 patients, the effects of electrical stimulation
(ES; bi- or monopolar, 0.5 ms pulse width, 1-10 Hz) delivered within and outside the
RF was examined. Eleven of 23 cells were excited by ES within the RF and
post-stimulus time histograms demonstrated a latency to activation of 22.3±2.5 ms
(mean±SD). Of the 51 sites tested with ES outside the RF, 8 cells at 14 different sites
responded with a latency of 40.8± 14.5 ms. ES both within and outside the RFs was
also found to produce inhibition 22-57 ms after the ES.
Latency of activation of human Vc neurons from outside the RF is significantly
longer (p<0.02) than latency from within the RF, suggesting mediation by indirect
polysynaptic pathways. These data also constitute the first direct demonstration of
inhibitory inputs to human Vc tactile neurons. The results suggest that subliminal
inputs may be important in mediating thalamic and cortical plasticity.
[supported by the Medical Research Council of Canada]

Kaas2 1Univcrsity of Queensland, Australia;

University

of

California, Davis, CA; 2yanderbilt University, Nashville, TN.
We examined the topographic organization of thalamic
nuclei that project to somatosensory cortical fields in
macaque
monkeys.
Electrophysiologically
identified
representations in anterior parietal fields 3a, 3b (SI), 1 and 2
were injected with retrograde tracers, then at the time of
sacrifice the somatosensory thalamus was mapped using
multiunit recording techniques.
Tracers were placed either
into representations of the same body part in different
cortical fields or into different body part representations of
the same cortical field.
Results indicate that the ventral
posterior nucleus, ventral posterior inferior nucleus, ventral
posterior superior nucleus
and
ventra 1
latera 1
nucluus
contain
separate complete
representations of the
body
surface,
and
are
distinguished
by
different
response
properties,
stimulus
preferences,
architecture,
and
thalamocortical connections.
Projections from the thalamus
to electrophysiologically identified representations in cortex
were both divergent and convergent, and projections to body
part representations within a cortical field were not strictly
homotopic. Such heterogeneous projections may provide the
anatomical substrate for somatosensory cortical plasticity in
adult primates after peripheral denervations.

692.3
OCCUPATIONAL HAND CRAMPS GENESIS PARALLED BY DEGRADATION
OF REPRESENTATION IN THE SI CORTEX
N.NBvl.. M.M.Merzenich*. W.M. Jenkins Keck Center for Integrative Neurosciences
University of California, San Francisco, CA 94122
Repetitive, sustained gripping under conditions of high force, vibration and/or end
range motion is associated with a task specific loss of voluntary control referred to
as occupational hand cramps or focal dystonia of the hand. Etiology of this disorder
is' poorly understood; treatment success is limited. This study was designed to
measure behavioral and neurological consequences of repetitive, sustained gripping
with a vibrotactile stimulus. Adult owl monkeys were trained to sustain a hand grasp
with 80 gms of force and a 250 Hz vibration for 1.5 sec/reward. Monkeys performed
several hundred repetitions/day. In timed) a tremor developed in grasping/ releasing
the handpiece; 2) the speed of task performance declined; 3) weakness in closing the
hand emerged; 4) increased task errors were recorded; and 5) difficulties emerged in
other hand retrieval tasks. Compared to the control side, the representation of the
trained hand in Area 3b was substantially degraded: 1) the size of the cortical hand
and digit representations were reduced from normal; 2) receptive fields were, on
average, many times larger than normal; 3) in the majority of cortical penetrations,
neurons had multiple receptive fields extended across entire fingers or multiple
digits; 4) in contrast to normal, neurons at many sampled sites had pacinian-like
responses that covered much or all of the glabrous hand surface; 5) many large
receptive fields extended over large sectors of both the volar glabrous and dorsal
hairy hand surfaces; 6) receptive fields overlapped with each other over very long
cortical distances; and 7) digit representations were geographically disorganized. We
hypothesize that profound, experience-driven change in the quality of differentiated
sensory feedback must contribute to the loss of movement control that marks the
emergent focal dystonia. Human and monkey studies are now being directed
toward determining how sensory learning could be implemented to re-differentiate
cortical representational topographies, and restore normal motor control.
[Research supported by NIH Grant NS-10414, HRI and UCSF REAC].
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692.4
DEPLETION OF BRAIN SEROTONIN DOES NOT IMPAIR PLASTICITY
OF FUNCTIONAL REPRESENTATION OF VIBRISSAE IN RAT BARREL
CORTEX. M.Kossut*. K. Turleiski. R.Diavadian Dept, of Neurophysiology,
Nencki Institute, Warsaw, Poland.
Serotonin influences development of somatosensory cortex in rat (BennetClarke et al., 1994) and the blockade of 5HT receptors impairs developmental
plasticity of the visual cortex (Gu and Singer, 1991). We examined the effects
of 5HT depletion upon plasticity of cortical representation of a row of
vibrissae (visualized with 2DG) evoked by neonatal lesions of vibrissal
follicles in hooded rats. On the day of birth pups were pretreated with
desipramine HC1 and one hour later received injection of 5,7 DHT. In one
group unilateral vibrissectomy sparing row C was also performed. Serotonin
immunostaining at the age of six weeks revealed that in rats injected with 5,7
DHT 70-90% of serotonergic fibers in the cortex were missing. 2deoxyglucose (2DG) • mapping of the row C representation was done on
remaining rats. The vibrissae were clipped on both sides with the exception
of row C, the rats were injected with C1* 2DG and the rows C on both sides
were stimulated. Autoradiograms of brain sections cut tangentially to the
barrel field were processed with an image analyzer and the sections were Nissl
stained. Measurements of the size of barrels on the intact side showed that
their linear dimensions in the 5HT depleted rats were 5-10% smaller than in
untreated littermates. More than two-fold increase of the 2DG labeled cortical
representation of row C was found in both control and 5HT depleted rats.
Thus neonatal vibrissectomy resulted in very large increase of cortical
representation of the spared row C despite destruction of serotonergic axons.
Supported by KBN grant 0392/P2/94/06
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692.5
D. Shoham*,
D. Glaser and A. Grinvald. The Weizmann Inst, of Science, Rehovot 76100, Israel.
High resolution maps of cortical function organization in-vivo has both scientific
and clinical importance. Optical imaging of intrinsic signals is particularly suited
for this purpose. We are reporting here the first application of this method to the
study of the primate somatosensory cortex.
Using mechanical tactile stimulation, we mapped the somatotopic representation
of the hand in Macaque monkey area SI. The stimuli consisted of air-pressure
pulses applied to various locations on the hand simultaneously. The skin was
displaced either by using small flexible transducing membranes, or by fine, directed
jets of air. We explored the effects of stimuli with different temporal properties,
varying the number of pulses, pulse duration and inter-pulse intervals. In addition
we looked at the effect of changing the air-pressure.
Using this stimulation method, we were able to see the cortical representation of
each individual finger. In the maps we obtained, stimulation of each finger activated
OPTICAL IMAGING OF HAND REPRESENTATION IN PRIMATE AREA Si.

a narrow band running across the post-central gyrus. As expected, these stripes were
ordered continuously along the gyrus. We also mapped responses to stimulation of
the skin of the glabrous pads and of the forearm. The optical maps were confirmed
by extensive multi and single unit recordings. All maps remained very stable over
many hours of recording. Thus, it should be possible to use this method to reliably
explore plasticity of the digit representation.
By optimizing the stimulus parameters, we were able to obtain the functional
maps extremely rapidly. Averaging the responses to a very small number (~4) of
stimulations was sufficient to produce clear maps. Thus, maps of the five digits
could be obtained in as little as five minutes. This rapidity allowed us to apply this
method for mapping functional borders in humans undergoing neurosurgery. In a
hospital study we managed to localize the central sulcus and map the border of the
hand representation in the somatosensory cortex.
[Supported in part by the Israel
Science Foundation administered by Israel Academy of Sciences and Humanities]

692.7
changes

in

gene

692.9
LACK OF EXPRESSION OF GABAa RECEPTOR SUBUNIT mRNAs IN
RETICULAR NUCLEUS OF THALAMUS. M. M. Huntsman* and E. G.
Jones. Department of Anatomy and Neurobiology, University of California,
Irvine, CA 92717.
The major fast inhibitory neurotransmitter receptor in the central nervous
system, the GABAa receptor, contains binding sites for multiple ligands. The
diversity of the receptor is dependent upon combinations of multiple subunits
that make up a given stoichiometry that is reflected in the affinities displayed
by each ligand. The receptor is a pentameric array formed potentially from at
least 15 subunit polypeptides derived from individual genes with varying
degrees of sequence identity organized into classes (e.g., a, (J, y, 8, p) and
into class variants (e.g., ai, a2, a3, 04, 05, 05). Transfection of the a genes
into cell lines or oocytes yields varying degrees of affinities for
benzodiazepines in which strong affinity binding characterizes al and lower
affinity binding a2-a6- cDNAs for the ai, a2, 03, 04, 05, Pi, P2, p3> Y1 and
Y2 subunits were subcloned from monkey total RNA, amplified via the
polymerase chain reaction and inserted into the pBS transcription vector for
the localization of 33p-labeled RNA transcripts in sections of the thalamus. In
situ hybridization of transcripts encoding individual subunit genes yielded a
wide array of expression patterns throughout the monkey thalamus in which
certain transcripts are expressed in a nucleus specific manner. In the reticular
nucleus, most transcripts including ai and P2, typically expressed at high
levels in other nuclei, were not expressed although reticular neurons possess
bicuculline sensitive GABAa receptors. Only the 72 transcripts showed
detectable hybridization in the reticular nucleus. The presence of J2 subunit
mRNAs without a subunits is interesting in light of its involvement in affinity
enhancement for benzodiazepines and suggests the existence of novel subunits
in this nucleus. Supported by NIH grant number NS21377.
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692.6
MINIMAL EXTENT OF VENTROPOSTERIOR LATERAL NUCLEUS OF
THALAMUS CAPABLE OF MAINTAINING A SOMATOTOPIC MAP IN
AREA 3b. P.R, Manger. T.M. Woods. E. Rausell* & E.G. Jones. Dept.
Anatomy and Neurobiology, Univ. of California Irvine, Irvine, CA 92717
The inputs to the VPL thalamus from the dorsal column nuclei, and the
projections from the thalamus to the somatosensory cortex, especially area 3b,
show a high degree of somatotopic precision. Individual cells in VPL,
however, show considerable divergence and overlap in their cortical
projections (Rausell & Jones, J. Neurosci.: in press). We asked to what extent
can this divergence maintain a map in area 3b in the face of diminishing
numbers of VPL cells. Portions of VPL were electrolytically lesioned
following physiological identification, and after two weeks, the body
representation in area 3b was electrophysiologically mapped. The lesions
involved up to 80% of VPL. Behavioral deficits included lack of appreciation
of light tactile and proprioceptive stimuli, mainly in the contralateral hand.
Reconstructions of the multiunit recorded cortical maps made after two weeks
showed no apparent change in the somatotopic map of area 3b, even after the
most extensive of the VPL lesions. Other cortical areas were not investigated.
The preservation of even a few rod like bundles of cells of similar somatotopy
within VPL may account for the maintained cortical map. If a small portion of
the rod remains, the divergent connections may be sufficient to maintain the
cortical map. However, the observed behavioral deficits suggest that the
lesioned monkeys had problems with perception of stimuli. Further to this, the
multiple inputs into area 3b, from other thalamic nuclei, callosal connections,
and pain pathways, may also contribute to the maintenance of the cortical
map despite the lack of a primary input.
Supported by NIH Grant NS 21377.

692.8

EXPRESSION for gad , GABAa
RECEPTOR SUBUNITS AND CAM II KINASE IN SOMATOSENSORY
CORTEX IN MONKEYS WITH VENTROBASAL THALAMIC
LESIONS. T.M. Woods*. P.R. Manger. E. Rausell & E.G. Jones. Dept.
Anatomy and Neurobiology, Univ. California Irvine, Irvine, CA 92717.
The ventrobasal complex of the monkey thalamus (VB) sends axons to
ipsilateral postcentral gyrus in an ordered fashion. Recent evidence indicates
that these thalamocortical projections exhibit substantial divergence and
overlap (Rausell and Jones, J. Neurosci.: in press). This study addresses the
issue of the extent to which this divergence can maintain a normal pattern of
gene expression for molecules involved in plasticity of area 3b maps in the
presence of reduced VB input. Lesions of varying extent were made in parts
of the VB representation defined by multiunit mapping. After one. or two
weeks, the thalamus and somatosensory cortex were sectioned and
hybridized with radioactive cRNA probes for glutamic acid decarboxylase
(GAD), calcium/calmodulin dependent protein kinase a (CAMIIKa) and al,
(32 and y2 subunits of the GABAa receptor subunit mRNAs, or stained
immunocytochemically for GABA, GABA receptor subunits, CAMIIKa and
parvalbumin. In general, the presence of a remaining portion of a VB
representation was sufficient to maintain a normal pattern of gene
expression, local changes only occurring in cortex with the largest lesions.
Divergent connections, therefore, maintain sufficient activity to support a
normal balance of inhibition and excitation in cortex.
Supported by NIH grant NS21377
local
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A ROLE FOR ASTROCYTES IN CORTICAL REORGANIZATIONAL
PLASTICITY? F. Conti*. A. Minelli. and T.P. Pons°. Inst. Hum. Physiol., Univ of
Ancona, 1-60131 Ancona, Italy, and °Dept of Neurosurg., Bowman Gray School of
Medicine, Winston-Salem, NC 27157, USA.
What triggers the mechanisms that determine cortical reorganization is
poorly understood. Since the expression of transmitters is regulated by activity, it is
possible that changes in transmitter levels could be such a triggering event. In this
study, antibodies to glutamate (Glu) were used to study the effects of reduced afferent
input on cortical excitatory neurons in adult monkeys subjected to somatosensory
deprivation by cutting the three nerves to the hand.
In the cervical SC, DCN, VP thalamus and first somatic sensory cortex,
Glu-immunoreactivity (Glu-ir) was similar to that described in normal animals;
regions with reduced or absent Glu-ir were never observed and no appreciable
differences were noted between the lesioned and normal side. No changes were
observed in sections processed for CO or in thionin-stained sections. In the insuloparietal operculum, sections contralateral to the nerve cut showed that most cortical
fields had a normal pattern of Glu-ir (pattern a), some exhibited a reduction (pattern
b), and that in the central portion of the upper bank of the central sulcus, which
corresponds to the hand representation of the second somatic sensory cortex (SII),
Glu-ir had virtually disappeared (pattern c). Adjacent sections processed for CO or
stained with thionin showed that in the regions corresponding to those characterized
by pattern c, CO slightly decreased and astrocytic proliferation was observed. Cortical
regions characterized by pattern c also revealed that in the hand representation of SII,
small-sized, intensely stained cells with processes radiating in all directions, which
proved to be astrocytes, displayed Glu-ir.
As in previous studies, our findings indicate that Glu-ir is regulated by
afferent activity. Additionally, changes in astrocytic Glu levels in the reorganizing
cortex suggest a role for neuron-astrocyte/astrocyte-neuron signaling in the
reorganization process. Such regulation of Glu levels in astrocytes and neurons may
act as trigger for the biochemical changes underlying the structural metamorphosis
occuring during a slow phase of reorganizational plasticity in the cerebral cortex.

WEDNESDAY PM

VISUAL CORTEX:

693.1
SPATIAL ATTENTION PROTECTS MACAQUE V2 AND
V4 CELLS FROM THE INFLUENCE OF NON-ATTENDED
STIMULI. J.Revnolds. J.Nicholas. L.Chelazzi*. R.Desimone.

Laboratory of Neuropsychology, NIMH, Bethesda, MD and University of
Verona, Italy.
Last year we reported that spatial attention isolates cells in macaque
area V2 from the influence of nearby, non-attended stimuli. In passive
viewing, the response to a single flashing bar within the receptive field is
often suppressed by a second, nearby flashing bar. However, when
attention is directed to the location of the first stimulus, the suppression
caused by the second stimulus is filtered out, and the cell responds as
though the second stimulus were absent.
Our present results show that a related attentional process is at work in
macaque area V4. As in V2, we found that the response to a single
flashing bar within the receptive field is typically suppressed by the
presence of a nearby, synchronous flashing bar.
As in V2, this
suppression is filtered out when attention is directed to the first flashing
bar.
We have also recorded V2 responses when the flashing bar is
presented against a variety of large bit-mapped “real world” images.
The real world images typically activated the cells in a sustained fashion,
but also suppressed responses to the bar. Attending to the flashing bar
filtered out some, but not all of the sensory interactions resulting from
these more complex stimuli.

EXTRASTRIATE—ATTENTION
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693.2
TWO-DIMENSIONAL MAPS OF SPATIAL ATTENTION EFFECTS
IN MACAQUE AREA V4. C.E. ..Connor*. D.C. Preddie. J.L. Gallant and
D^C. VanEssen. Dept, of Anatomy and Neurobiology, Washington University
School of Medicine, St. Louis, MO 63110.
We have shown previously that responses in macaque area V4 depend on both
the distance and direction of attention relative to the stimulus in the receptive field
(Connor et al., Soc. Neurosci. Abstr. 19: 974 (1993); Connor et al., Soc. Neurosci.
Abstr. 20: 1054 (1994)). Responses are generally stronger for stimuli near the
attentional focus, and a majority of cells are tuned for direction. The optimal
direction of attention (e.g., left, right, above, or below the stimulus in the receptive
field) varies between cells. We designed a new experiment to map these directional
attention effects in greater detail.
The monkey fixated a spot on a video monitor while a set of 12 ring-shaped
stimuli was presented in a square array surrounding the classical receptive field of the
cell under study. On a given trial the animal was required to attend continuously to
just one of these rings and signal when it changed shape. Meanwhile the cell's
response was tested by flashing 3 bars of optimal orientation, width and color
spanning the central 50% of the classical receptive field. A majority of the cells
tested in area V4 showed a significant effect of attention position in this paradigm.
Spatial tuning for attention position was typically broad, with most cells showing
greater than half maximal responses across at least a quadrant of the mapped region.
The results provide further evidence that area V4 processes information about the
positional relationship between the stimulus driving the cell and the current focus of
attention.

693.3

693.4

TIME COURSE OF ATTENTIONAL EFFECTS IN MACAQUE
AREA V4. D.C. Preddie. C.E. Connor. J.L. Gallant* and D.C, Van Essen,
Dept. of Anatomy and Neurobiology, Washington University School of
Medicine, St. Louis, MO 63110.
Recent experiments have shown that attentional effects on single cells in
macaque area V4 include a shift in response strength towards the locus of
attention and a change in overall response strength depending on the direction
of attention (Connor et al., Soc. Neurosci. Abstr. 19: 974 (1993); Connor et
al., Soc. Neurosci. Abstr. 20: 1054 (1994)). We designed a behavioral
paradigm to assess the time course of these effects when attention is suddenly
shifted. A macaque monkey was trained to attend to one stimulus (a ring) as
part of a shape discrimination task, while a second, unattended stimulus (a bar)
was used to map neural response profiles. Each trial began with the
simultaneous onset of the fixation point, a probe (bar) stimulus in one of five
positions within the classical receptive field (CRF) and a field of rings
positioned outside the CRF. After a 1 sec delay the attended ring was cued via
a brief (100 msec) blink at one of four positions surrounding the CRF. The
animal was required to continuously monitor the attended ring and to release a
response lever when, after a variable time interval, the ring became C-shaped.
Of 27 cells recorded thus far in one rhesus monkey, 10 showed a significant
(p < 0.02) shift effect and 10 showed a significant directional effect. To
determine the temporal profile of these effects, • we analyzed the average
responses in each group of cells. The shift effect began to develop at around
50-100 msec and peaked at about 200 msec following the attentional cue. In
contrast, the directional effect developed more slowly, starting at about 200
msec and reaching a plateau 400-500 msec after the cue. These results suggest
that the neural events underlying spatial shifts of attention occur rapidly, while
information about the positional relationship between stimuli and attention
evolves more slowly.

Correlates
of Target
Detection
during
Visual Search in Area MT.
Giedrius T. Buracas* and Thomas D. Albright. VCL, The Salk Institute, P.O.Box
85800, San Diego, CA 92186.
Focal attention has been shown to play a central role in perception of complex
objects. Visual search is a psychophysical paradigm traditionally used to explore the
dynamics and mechanisms of focal visual attention. Using this paradigm we have
previously shown that both humans and rhesus monkeys exhibit serial search for
targets defined by a conjunction of color and direction of motion, i.e., search times
depend linearly on the number of distractors in a search array (Buracas and Albright,
1994, Soc.Neurosci.Abs, 20-1, p.318). This linear dependency is commonly accepted
as evidence for dynamical and voluntary allocation of focal attention.
Using an identical search paradigm, we have now explored neurophysiological
correlates of focal attention in rhesus monkeys. Specifically, we have recorded
responses of directionally selective neurons in area MT of a monkey engaged in a
visual search task. The search target was formed by a unique conjunction of color
(red or green) and direction of motion (preferred or null direction for neuron under
study) of a texture inside a circular aperture. The target for each trial was specified
by a sample presented prior to the search array. The latter was composed of eight
apertures defined by all possible combinations of selected color and direction. The
monkey was required to saccade to the target upon detection, or to maintain central
fixation on target-absent trials. Approximately 40% of MT neurons exhibited
significant response modulation when the search target was positioned within the
receptive field. This modulation was expressed as an enhancement (-30% of the
predicted baseline) of the neuronal response prior (90-200 ms) to a saccade to the
target. The time course of the neuronal response modulation thus parallels
behavioral target detection. The sign of the modulation is consistent with the process
of target selection and may reflect the engagement of an attentional mechanism.
Supported by McDonnell-Pew Center for Cognitive Neuroscience.
Neural

693.5

693.6

THE INFLUENCE OF ATTENTION AND INTENDED EYE MOVEMENTS ON
THE VISUAL EXCITABILITY OF NEURONS IN THE LATERAL
INTRAPARIETAL AREA OF MACAQUE MONKEYS J-R. Duhamel*. S. Ben
Hamed. F. Bremmer and W. Graf C.N.R.S.-College de France, F-75292 Paris Cedex
06, France.
Visual activity of neurons in the monkey lateral intraparietal area (LIP) is
influenced by the direction of attention and by eye movements. To understand better
how these contribute to spatial processing, we investigated the tuning of LIP neurons
to visual stimulation. Single cell responses were recorded extracellularly in one
rhesus monkey (Macaca mulatto) under three different conditions: (1) during a
fixation task in which the monkey attended to a small foveal stimulus and released a
hand-held bar when the color of this stimulus changed at an unpredictable time, (2)
during the delay period of a memory-guided saccade task (e.g. between the
presentation of a brief peripheral target and the beginning of the saccadic eye

ATTENTIONAL MODULATION OF DIRECTION-SELECTIVE
RESPONSES IN THE SUPERIOR TEMPORAL SULCUS OF THE
MACAQUE MONKEY. S. Treue* and J.H.R. Maunsell Baylor
College of Medicine, Houston, TX

movement), and (3) during spontaneous gaze without fixation or saccade targets.
Under all conditions, the visual excitability of the recorded neurons was assessed
by presenting randomized sequences of test flashes (100 msec) at a rapid rate (100250 msec interval) during periods of stable eye position. This enabled the sampling
of a large number of locations within a 80° by 80° portion of the visual field, and the
subsequent generation of surface plots for a given cell's receptive field (RF). Many
LIP neurons displayed graded responses with a maximum at the center of the RF,
decreasing toward the periphery. In some cells, the area of excitability was quite
restricted and had sharp borders. In other cells, the RF had a complex surface with
both excitatory and inhibitory zones. The state and direction of visual attention had
an effect on overall responsiveness but also influenced different characteristics of the
RF configuration such as sharpness of spatial tuning, and center of gravity. This
indicates that the encoding of visual space by parietal visual neurons is strongly
linked to the behavioral context.
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We recorded from over 50 direction-selective cells in the superior temporal sulcus
of a macaque monkey performing a reaction-time task to investigate the role of
attention in the processing of motion signals. The monkey was trained to attend a
moving spot (the target) in the presence of one or more other moving spots
(distractors) while maintaining fixation on a stationary fixation cross. In the first
experiment one spot moved through the receptive field (RF) in the preferred direction
while another spot moved outside the RF. Even though retinal stimulation was
identical in both trial types a large majority of the cells (-85%) responded more
strongly when the animal was instructed to attend to the stimulus within the RF,
compared to trials on which he was attending the stimulus outside the RF (median
increase 30%). In the second experiment both spots moved through the RF, but in
opposite directions (preferred and anti-preferred direction of the neuron). Allmost all
cells (-90%) responded more strongly when the monkey was instructed to attend to
the stimulus moving in the preferred direction, compared to trials in which he was
attending the spot moving in the anti-preferred direction (median increase 150%).
This result cannot be accounted for by shrinking receptive fields since it held true
even when the two dots passed by each other very closely.
Our results demonstrate that while moving attention away from the receptive field
will reduce a neuron’s response to its preferred stimulus a much stronger effect can be
observed when attention is switched between two stimuli that both fall within the
receptive field. In that case the response of the neuron is strongly biased by the
direction of motion of the attended stimulus even when the unattended stimulus is a
more potent sensory stimulus. These findings are amongst the strongest extraretinal
modulations of neural signals found in visual cortex to date and suggest an important
role for attention in selectively enhancing neural signals related to stimuli of interest.
Supported by NIH EY05911
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VISUAL CORTEX:

693.7
DISTINGUISHING CORTICAL AREAS THAT ARE SENSITIVE
TO TASK AND STIMULUS VARIABLES WITH FMRI E.A. DeYoe*.
P.W. Schmit. & J. Neitz Dept. Cell. Bio., Med. Col. Wisconsin,
Milwaukee, WI (Email: edeyoe@ts.mcw.edu)
Purpose. Functional MRI was used to study the effects of a) stimulus
presentation rate and b) task requirements on cortical activation induced
by a visual stimulus. Methods. During gradient-recalled, echo-planar
FMRI, 3 subjects viewed a flickering checkered annulus under two task
conditions: 1) passive viewing and 2) active target discrimination. Single
stimulus presentations lasted 0.5 sec, and were repeated at 4 different
rates (from 0.2 to 2 per second) in blocks (trials) of 24 seconds each. For
each voxel, FMRI response amplitudes were extracted for the different
presentation rates and curve-fit by linear regression. Histograms of
regression line slope revealed two asymmetric peaks. Voxels whose
response increased with presentation rate were classified as rate
dependent while those with constant response were classified as rate
independent. Results. Voxels in VI and several extrastriate visual areas
showed strong stimulus rate dependence in both task conditions.
However during passive viewing, stimuli had to be presented nearly
twice as fast as during active viewing to achieve the same response
magnitude in VI. Such differences were even larger for extrastriate
visual areas. In frontal cortex, results were distinctly different. The
response was rate independent during active viewing, while under
passive viewing there was little or no response. Conclusions. Stimulus
rate-dependence may provide a method for distinguishing areas of the
brain serving task-related functions such as attention from those areas
primarily concerned with processing of visual information. Supported by
NIH grants EY10244, and Core Grant EY01931.

693.9
COMBINED fMRI, EEG AND MEG IMAGING OF VISUAL
ATTENTION

M Huotilainenl. SP Ahlfors2. HJ Aronen3. AM Dale4, JJ Foxe2. RJ Ilmoniemi5.
WA Kennedv6. A Korvenoia3. AK Liu6. R Naatanenh BR Rosen6. GV SimDSQn2.
C-G Standertski01d-Nordenstam3. RBH Tootell6. J Virtanenl. and JW Belliveau6*
ICognitive Brain Research Unit, Univ. of Helsinki, Finland, 2Albert Einstein
College of Medicine, New York, 3Radiology, Helsinki Univ. Central Hospital,
Finland, 4University of Oslo, Norway, 5BioMag laboratory, Helsinki Univ. Central
Hospital, Finland. 6Massachusetts General Hospital, NMR Center, Charlestown MA.

The activation of human cortex was compared in four subjects
using MEG, EEG and fMRI in visual selective attention experiments
related to that of Corbetta et al. (J. Neurosci. 1991) . Event-related
magnetic fields and electric potentials were compared to hemodynamic
changes observed using functional MRI. The passive condition was to
fixate on a cross and ignore the stimuli moving across the screen every
700 ms. In the color, orientation, and movement conditions, the subject
saw the same stimuli, but the task was to attend to stimulus color,
orientation, and movement direction, respectively. Movementcorrected fMRI data from each subject were registered and averaged in
Talairach space. Multiple areas were differentially activated during
the attended conditions, including extrastriate, parietal, dorsal lateral
prefrontal and anterior cingulate cortices. Multiple and temporally
overlapping sources were observed using MEG and EEG. In the
passive condition, electromagnetic methods show activity in VI and
V2 areas, with latencies from 70 to 160 ms. Signal strength increases
were observed across all modalities during the attended conditions,
with attention to color giving the largest responses in this particular
task. During the attend condition, fMRI, MEG and EEG suggest that
the strength of these sources is modulated by attention.

693.11
BASIS FUNCTIONS AND HEMINEGLECT A. Pouget*1 and Semowski.
T.f.2. * Brain Research Institute, UCLA and 2Salk Institute, San Diego.
Cortical lesions in the parietal lobe of human produce a neurological
syndrome called hemineglect, in which patients tend to ignore sensory
stimuli in the hemispace contralateral to the lesion. Several studies
attempted to determine the spatial frame of reference affected in visual
neglect and found that it can be retinotopic, head-centered, bodycentered, environment-centered, and in some cases, object-centered, all in
the same patient.
We recently developed a theory of spatial representations in the
parietal cortex based on the responses of single parietal neurons and the
computational nature of sensorimotor transformations. The model
assumes that parietal neurons encode their sensory inputs with basis
functions (BF), a type of receptive fields that can be used to generate
nonlinear motor commands. One of the important property of BF map is
that the position of an object can be represented in several frames of
reference simultaneously. We simulated a lesions of BF maps and found
that, as observed in hemineglect, the resulting deficits affect multiple
frames of reference, including object-centered. This model can also
account for recovery from neglect that occurs over weeks and transiently
after caloric vestibular stimulation. The model demonstrates that
neglect can be explained without assuming the existence of explicit
representations of cartesian space or object-centered representations. It
relies instead on basis function maps biased for the contralateral side ot
space. This is, to our knowledge, the first account of hemineglect at the
single cell level.
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693.8
FMRI
REVEALS
FEATURE-SPECIFIC
ATTENTIONAL
MODULATION OF AREA MT, V3/V3a AND PARIETAL VISUAL
AREAS. Michael S. Beauchamp* and Edgar A. DeYoe Dept. Cell Biology &

Anatomy, Medical College of Wisconsin, Milwaukee, WI 53226 (mbeaucha@mcw.edu)
Visual stimuli consisting of motion-defined figures were used to study human visual
areas important for motion perception. Attention to different stimulus features served
as a powerful modulator of activation. In the attention-to-motion condition, subjects
made a discrimination based on slightly different point speeds in the left and right
halves of the figure. In the attention-to-luminance condition, subjects responded to
slight luminance increments and decrements of the fixation point . The identical visual
stimulus was presented in both conditions, consisting of a phasically displayed (5 on/off
cycles) annulus defined by the coherent motion of its component points on a
continuously displayed background of equally-distributed incoherently moving points
with a varying luminance fixation point. Visual stimuli were generated with a PC-based
graphics system and projected through a Maxwellian-view optical system, allowing a 60
degree field-of view, while whole-brain echo planar images were collected with a
custom head coil in a 15 T scanner with voxel size 56.25 mm'1 (3.75x3.75x4 mm . )
When subjects performed the attention-to-motion task, the higher visual areas
specialized for motion processing which presumably make explicit the presence of the
motion-defined annulus were strongly activated . Putative human visual area MT (hMT)
showed consistent activation (volume of activation 16 ± 6 voxels, mean ± SD, n=4) as
did visual area V3 (12 ± 4 voxels.) Several parietal areas were also activated in the
attention-to-motion condition (84 ± 23 voxels.) When subjects viewed the identical
stimulus in the attention-to-luminance condition, the area of activation was sharply
reduced. hMT fell 98% to 0.3 ±0.5 voxels, V3 fell 94% to 0.8 ± 1.5 voxels and
parietal areas were reduced by 93% to 6 ± 13 voxels . Primary visual cortex responded
similarly to the random points whether they were moving coherently or incoherently,
resulting in relatively little phasic response in either attentional condition (attention-tomotion: 8 ± 4 voxels, attention-to-luminance. 1 ± 2 voxels.) Supported by a HHMI
Fellowship to MSB and NIH ROI-EY10244 to EAD

693.10
REVERSIBLE VISUAL HEMINEGLECT IN THE CAT.
B. R, Payne*. S. G. Lomber, S. Geeraerts, E. Vya n er Gucht &
E. Vandenbussche, LoboraSolos for Visual P erc:^i3tion and Coggition,
Dept, of Anat. & Neurobiol., Boston Univ. Sch. of Med., Boston, MA
02118, & Catholic University of Leuven, B-3000 Leuven, Belgium.
Following unilateral damage of cortex at the temposn-occipitnparietal (TOP) junction, humans fail to notice and respond to stimuli
that appear in visual space contralateral to the lesion. In cases of
profound neglect, subjects neither detect nor orient head or eyes to
stimuli appearing in the contsalesinnal field.
Similar, but less
impressive, visual defects have been obtained following restricted
unilateral lesions of TOP cortex in monkeys. We have identified a
region at the TOP junction of the freely moving cat which, when
cooled and inactivated unilaterally, results in a profound neglect of
stimuli introduced into the contsacooled hemifield. We also show that
the severity of the defect matches that induced by unilateral cooling of
the superior colliculus. The cortical region in the cat is located in the
posterior one-half of the middle suprasylvian sulcus at the junction of
areas believed to be equivalent to primate areas forming the V5
complex, and areas V4 and 7/39. The broad similarity of cooling
induced- and lesion induced- neglect in cats, monkeys and humans
suggests that there are largely equivalent circuits in all three species
that likely include the superior colliculus. The link between TOP
cortex and the orienting defect may be a useful fiduciary marker that
will contribute to the identification of a number of extrastriate areas in
the human brain, for which there are, as yet, very few markers.
Supported by NS 32137.
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694.1
CENTRAL SENSITIZATION IN CHRONIC CENTRAL PAIN AFTER
SPINAL CORD HEMISECTION. C.E. Hulsebosch*. M.D. Christensen.
Y.B. Peng and W.D. Willis. Dept. of Anat. and Neurosci. and Marine
Biomed. Inst., Univ. Texas Med. Br., Galveston, TX 77555-1069.
A model of chronic central pain after spinal cord injury (SCI) was used to
document the temporal development of mechanical allodynia using validated
models of nociceptive behavior. The same animals tested behaviorally were
used to determine if dorsal horn neurons were more excitable to peripheral
stimulation as evidenced by increased responses to brush, press, pinch, von
Frey hair stimulation following spinal cord hemisection at T13.
Electrophysiological recordings of wide dynamic range (WDR) neurons in the
dorsal horn from L3-L5 were made both contralateral (n=25) and ipsilateral
(n=25) to the hemisection. These data were compared to control values
(n=32). The responses were recorded as spikes per second, before, during
and after the application of these natural stimuli. The responses to brush,
pinch and von Frey stimulation at 9.4lmN were increased in the hemisected
rats bilaterally and these increases were statistically significant compared to
control values (p<0.05). These data support the development of central
sensitization of WDR neurons and provide a mechanism for the observed
behavioral changes in the development of mechanical allodynia after SCI.
(Supported by NIH grants NS 11255, NS 09743 and the Kent Waldrep
Foundation)

694.3

RELATIONSHIP OF OPIOID RECEPTORS TO NEURONS IN NUCLEUS RAPHE MAGNUS (NRM) AND THE PERIAQUEDUCTAL
GRAY MATTER (PAG) IN RATS AND MONKEY. M Wessendorf*.
M Riedl. CN Honda. S Schnell. R Elde. and U Arvidsson. Dept Cell
Biology and Neuroanatomy, Univ Minnesota, Minneapolis, MN 55455
Opiate analgesics may act in part by activation of neurons in PAG,
which in turn activate spinally projecting neurons in brain stem regions
such as NRM. In the present study, the relationship between delta and
mu opioid receptors and PAG and NRM neurons was examined. Rats
and one Rhesus macaque were deeply anesthetized and sacrificed by
perfusion with 4% formaldehyde. Tissue sections were stained using
antisera against N-terminal portions of the delta receptor and against the
C-terminus of the mu-receptor. Both PAG and NRM in both rats and
monkey were stained by antisera against both mu and delta receptors.
However, in both species, delta antisera generally labeled fibers
whereas the mu antiserum labeled cells. Spinally projecting NRM cells
were retrogradely labeled in 3 rats and NRM sections were doubly
stained for serotonin and delta receptors. When sections were examined
by confocal microscopy, it was found that retrogradely labeled
serotonin-stained cells were frequently apposed by varicosities positive
for delta receptors.
These findings suggest immunocytochemical staining can localize
opioid receptors in NRM and PAG of both rats and primate. In
addition, they suggest that delta opioid receptors modulate the activity of
afferents to raphe-spinal serotonergic neurons.
These studies were supported by DA 05466, DA 06299, and by the
Minnesota Medical Foundation.
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694.2
PERSISTENT, CHEMICAL NOCICEPTION IN THE RAT REQUIRES
ONGOING PERIPHERAL NERVE INPUT. B.K. Tavlor*. M.A. Peterson and
A.I. Basbaum. Depts. Anatomy, Physiology, and W.M. Keck Foundation Center for
Integrative Neurosciences, UCSF, San Francisco, CA.
Hindpaw injection of formalin produces acute (Phase 1) and persistent (Phase 2)
nociceptive behaviors in the rat. This model has provided critical evidence
supporting a contribution of central sensitization (hyperexcitability of spinal
neurons) to the expression of persistent pain. Here, we evaluated the contribution of
ongoing peripheral nerve inputs to Phase 2 pain responses. In addition to pain
behavior (flinching), we measured formalin-evoked increases in arterial pressure
and heart rate via an indwelling arterial catheter. All three measures displayed both
phases of the formalin response. The arterial pressure response was highly
correlated with behavior, and was dependent on formalin concentration (0.625 5.0%), indicating that it was largely driven by nociceptive input. Animals obtained
from Charles River exhibited slightly, but significantly, larger Phase 2 flinching
and heart rate responses compared to those from Bantin & Kingman. Lightlyanesthetized (0.7% halothane) rats exhibited robust increases in blood pressure,
indicating that cardiovascular responses did not merely reflect somatomotorcardiovascular coupling. We next evaluated the contribution of ongoing peripheral
nerve activity to the expression of the Phase 2 pressor, tachycardia, and flinching
responses. We locally-anesthetized the ipsilateral or contralateral (control) paw with
a hydrophillic lidocaine derivative, QX-314 (2%) after Phase 1, but before Phase 2
began. QX-314 blocked Phase 2 pressor, tachycardia and behavioral responses only
when injected into the paw that received formalin (2.5% or 10.0%). We conclude
that ongoing activity from peripheral nerves is required for the persistent pain
evoked by formalin. Supported by NS21445, DA 08377 and NS 07265.

694.4
THE EFFECTS OF STIMULATION OF THE MEDIAL PREOPTIC NUCLEUS
(MPO) ON PAG NEURONS AND BLOOD PRESSURE. M. M, Behbehani*
T. M. Da Costo GoGez. 14. Eimis and d.T.Shialep DeD of Mol. and Cill.
Physiology, U. of Cincinnati Cincinnati, OH 45267-0576 and Dept, of Anatomy,
U. of Maryland at Baltimore, Baltimore, MD 21201.
The MPO is involved in a variety of functions including lordosis and pain
inhibition. This area has an extensive projection to the periaqueductal gray
(PAG). In this study we examined the effect of electrical and chemical
stimulation of the MPO on the baseline activity of PAG neurons and examined
the role of glutamic acid in this pathway. We recorded from 88 PAG neurons of
22 chloral hydrate anesthetized male rats and continuously monitored the arterial
blood pressure. Electrical stimulation (50-200 uA, 100 Hz, 10 sec.) excited 25
cells, inhibited 11 cells, and had no effect on 28 cells. Chemical stimulation (50100 nl, 10 mM dl-homecsiteic acid) excited 8 cells, inhibited 8 cells, and had no
effect on 34 cells. Microinjection of the glutamic acid antagonist ksnurenic acid
in the PAG blocked the excitatory response of 10/20 cells and the inhibitory
response of 3/10 cells to MPO stimulation. The cells that were excited had a
mean firing rate of 4.89± 1.18 Hz, inhibited cells had a mean firing rate of
8.45±141 Hz, and unresponsive cells had a mean firing rate of 8.75±1.33 Hz.
The majority of the cells that were excited by MPO stimulation were also excited
by noxious pinching of the tail. There was no difference between the response of
cells that were inhibited by MPO stimulation and their response to noxious
stimulation. In the majority of animals (18/22), MPO stimulation produced a
depressor effect that ranged between 5 and 30 mmHg with a mean of 15.9 ± 2.3
mmHg. A pressor effect was observed in 1/22 animals with an increase of 19
mmHg. It is concluded that MPO stimulation has a significant effect on the
activities of PAG neurons, which is possibly glutamic acid mediated, and
produces a decrease in the blood pressure. Supported by NIH grant NS20643.

694.5

694.6

MASSIVE EXPRESSION OF C-FOS PROTEIN IN SUPERFICIAL DORSAL HORN IS NOT FOLLOWED BY LONG-TERM
CHANGES IN NOCICEPTIVE THRESHOLDS. H. Beck *.
J. Sandduhler, X.G. Liu and A.-C. Treier. Il.Physiologischhs Institut, Univ. Heidelberg, 69120 Heidelberg, Germany.
We have tested whether the massive expression of immediateearly genes including c-fos is a sufficient condition for the induction of thermal or mechanical hyperalgesia in awake-drug free
adult rats. A minimally invasive intrathecal (i.t.) stimulation
and injection technique was used for electrical stimulation of dorsal roots (0.5 ms pulses, 15 V, 3 Hz for 15 min) or for i.t injection
of 25 nmoles NMDA under brief ether anesthesia.
Both i.t. stimulations produced a massive expression of c-Fos
protein mainly in laminae I-II from the sacral to lower thoracic
spinal cord (n=10) as compared to ten sham-treated animals. Nociceptive cutaneous mechanical ^.Frey-hairs) and thermal (hotplate and tail-flick tests) withdrawl thresholds were determined
once daily for two weeks before and for two weeks after conditioning i.t. stimulation or sham treatment (n=10). Nociceptive
thresholds were not different before and after conditioning stimulation or between stimulated and sham-treated animals.
Thus, even the massive expression of c-Fos in the superficial
dorsal horn is not a reliable indicator of long-term changes in
spinal nociception. Supported by the DFG.

CAUDATE NUCLEUS ACTIVATION IN RESPONSE TO INTENSE
PAINFUL STIMULATION IS OBSERVED USING FUNCTIONAL
MAGNETIC RESONANCE IMAGING
E. Disbrow!, M. Buonocore2. J. Antognini3. E. Carstens4. K, O’Connor4*. Depts.
of Psychology; 2Radiology; 3Aneitheiiologs; and 4Neurobiologs, Physiology and
Behavior; Univ. of Calif. Davis, Davis, CA 95616
The basal ganglia are believed to play a role in nociception and pain. Electrophysiological studies in cats have shown caudate nucleus neuron activation in
response to high-intensity electrical stimulation of the inferior dental nerve sufficient
to elicit the jaw opening reflex (Lidsky et al., 1979, Brain'Research Bulletin 4, 914). Is this study we examined caudate activation in humans during intense painful
stimulation.
In 5 male volunteers 2 levels of painful electrical stimulation were assessed, as
well as a non-painful brush stimulus. During the 4.5 minute scanning sessions, 32
second periods of stimulation were alternated with 32 second periods of rest. The
first stimulus level, which was painful yet tolerable for the entire scanning session,
was selected by the subject. The mean intensity of this 2 Hz stimulus was 14.8
mA. The second level was a 100 Hz 50 mA stimulus. This stimulus was
administered after subjects were anesthetized with 0.7% Isoflurane and paralyzed with
Vecuronium 0.15 mg/kg. Anesthetized subjects were also scanned during lower level
electrical and brush stimulation.
Functional images were obtained using a 1.5T GE scanner with a birdcage RF coil
designed for whole-volume brain imaging. A gradient-echo EPI imaging sequence
was used with a TE of 40ms and a TR of 2 sec. All time course data was correlated
with a boxcar function and a correlation threshold of 0.35.
Caudate activation was not seen in the anesthetized and ^anesthetized scans of
lower level electrical or brush stimulation. However, during the intense electrical
stimulation of anesthetized subjects bilateral caudate activation was seen in 4 of the
5 subjects. Consistent activation of primary and secondary somatosensory cortices
was also observed.
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694.7
EFFECTS OF ANTICIPATION OF VISCERAL PAIN ON THALAMIC
ACTIVITY IN IRRITABLE BOWEL SYNDROME PATIENTS AND NORMAL
SUBJECTS. DHS Silverman. H Ennes. J Munakata. CK Hoh. M Mandelkem. J
Markham*. ME Phelps. W Blahd. EA Mayer. Depts. of Medicine and Nuclear
Medicine, UCLA Medical Center and West LA VA Medical Center, Los Angeles,
CA, 90024.
Anticipatory anxiety is prominent in many patients with irritable bowel
syndrome (IBS), as is lowered threshold to rectal pain. Anticipation of pain can
modulate its processing and ultimate perception. In the current study, the relationship
between anticipation of rectal pain and regional cerebral blood flow was evaluated in
IBS patients and normal subjects (Nls) using H2^0 PET. A rectal balloon catheter

was placed in each subject 30 min prior to imaging sessions. Following IV
administration of 40 mCi ^^O, PET data were obtained in dynamic frames, and
summed for 75 sec proceeding entry of tracer into the brain. Eyes were closed during
all scans. A baseline scan was first obtained with the balloon deflated. Then, pressure
pulses of low (20 mm Hg) and moderate (45 mm Hg) intensity were delivered by a
programmable pump for 45 sec each, with interim balloon deflation (20 min). A
taped message subsequently announced the imminence of a very intense pressure
pulse. Heart rate was recorded before and after this message. A scan was performed
following the announcement, while the balloon actually remained deflated. Relative
activity was measured in various brain regions normalized to the activity level in the
superior occipital cortex, a quiescent area that was unaffected by this protocol or IBS
status. During anticipation, Nls showed a significant reduction in thalamic activity
compared with their baseline level (p<0.05); in contrast, thalamic activity in IBS
patients failed to change significantly and was higher than in normals. Heart rate
changes during anticipation were strongly positively correlated with thalamic activity
in both groups (r = 0.98). No significant differences were detected in the activity of
other brain regions, including the anterior cingulate cortex, medial temporal lobes,
temporal poles, or cerebellum. The aberrant response of the thalamus in IBS
patients may reflect dysregulation of central processing of visceral pain information.

694.9
PAIN PERCEPTION OF NERVE CONDUCTION STUDIES: EFFECT OF
STIMULUS DURATION AND INTENSITY. D.R. Del Toro*. A.F.
Goldbaum. N.A. Johnson, T.A. Park. Department of Physical Medicine &
Rehabilitation, Medical College of Wisconsin, Milwaukee, WI 53226.
Present electrophysiologic guidelines allow for significant variability in the
stimulus parameters used for routine clinical nerve conduction studies (NCS),
with little consideration given to the effect of these parameters on patient
discomfort. Previous research suggests that some patients perceive these NCS as
aversive or painful. This study was designed to examine the effect of stimulus
duration and stimulus intensity on the perception of pain in individuals who have
never undergone standard NCS. To study this effect, we performed a conventional
median sensory antidromic conduction technique to the index finger of one hand in
twenty asymptomatic subjects. Five different stimulus durations (50psec,
lOOpsec, 200psec, 500psec, lOOOpsec) were compared. Stimulus current (mA)
was adjusted for each subject to 20% supramaximal at each stimulus duration.
Immediately following each stimulation, all subjects rated the severity of pain
perceived using a visual analog scale (VAS) ranging from no pain to the most
intense pain possible. In addition, the State-Trait Anxiety Inventory was
administered to each subject before and after testing. None of the stimuli were
rated as more than mildly painful. Mean pain ratings for all stimulus durations
were in the lower 40% of the VAS. Stimulus duration and pain rating were found
to be inversely related. Shorter stimulus durations resulted in significantly higher
pain ratings. There was no significant correlation between pre- or post-test
anxiety scores and pain ratings. Results of this study may provide information
which is useful in decreasing pain perception and anxiety associated with clinical
NCS.

694.11
5-ht , ago nists
in rodent
dura
MATER: PHARMACOLOGICAL CHARACTERIZATION USING A SELECTIVE ANTAGONIST AND 5-HTi b KNOCKOUT
MICE. C. Waeber. X.-J. Yu. N. Castanon. K. Sc<earce. R. Hen , J.E. Macor and
M.A. Moskowitz*. Massachusetts General Hospital, Charlestown, MA 02129
5-HTib /id agonists have been shown previously to inhibit plasma protein extravasation in the dura mater of rodents (a model of migraine). However, the potency of some of these drugs in this paradigm does not correlate with their affinity
at 5-HTib /id binding sites. To investigate the 5-HT receptor subtype mediating the
effects of these agents, we have used 1) a specific 5-HTiD antagonist in guinea-pigs
and 2) knockout mice lacking 5-HTi B receptors. Pentobarbital-anesthetized animals
were injected with [12SI]BSA 5 min prior to unilateral electrical stimulation of the
trigeminal ganglion. After intracardiac saline perfusion, the left and right dura
were harvested and the ratio of extravasated [,25I]BSA (stimulated/unstimulated)
measured. This ratio was close to 1.7 in vehicle-treated animals. Complete inhibition of extravasation (ratio close to 1.0) was achieved in both guinea-pigs and mice
when sumatriptan (0.7pmol/kg), CP-122,288 (1 nmol/kg) and 5-CT (1 nmol/kg)
were injected i.v. 10 min prior to trigeminal stimulation; the selective 5-HTj b agonist CP-93,129 (1.4pmol/kg) was effective only in mice. In guinea-pigs, pretreatment with GR-127,935 (0.1 mg/kg, i.v., 20 min prior to agonists) reversed the effects of sumatriptan, but did not affect those of Cp -122,288 and 5-CT. In 5-HTiB
inhibition

of

plasma

protein

extravasation

by

knockout mice, CP-93,129 and sumatriptan were inactive, while CP-122,288 and 5CT were as potent as in wild-type mice to inhibit extravasation. These results suggest that CP-93,129 (in mice) and sumatriptan act only via 5-HT1B/i d receptors to
inhibit dural protein extravasation in rodents. In contrast CP-122,288 and 5-CT
might act via a presently unknown receptor; the hypothesis is in agreement with the
fact that their potency in this model is much higher than expected from their affinity at 5-HTib /id receptors.
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694.8
ENHANCED PAIN SENSITIVITY TO PUNCTATE STIMULI AND
■WINOUP* OF PAIN SENSATION IN THE AREA OF SECONDARY
HYPERALGESIA W. Mageri. S. Wilk and R.-D. Treede (SPON: ENA*)

Inst. Physiol. PathophysioL,Joh. Gutenberg Univ., D-55099 Mainz, F.R.G.
Skin injury triggers an enhanced pain sensitivity in surrounding uninjured skin (secondary hyperalgesia) due to heterotopic central sensitization. Repetitive stimulation of nociceptors at frequencies > 0.5 s*1
induces a homotopic response facilitation in dorsal horn neurons
('wind-up'), which is thought to contribute to central mechanisms of
hyperalgesia. We therefore examined the presence and possible
changes of perceptual wind-up in the area of secondary hyperalgesia.
Secondary hyperalgesia was induced by i.d. injection of capsaicin
(40 ug). Sensitivity to mechanical stimuli using cotton balls, calibrated
von Frey hairs (vFH) and pin pricks was tested at 15 mm distance from
the injection site. Blunt vFHs (0.5 -4100 mN) were used to determine
S/R functions for pricking pain. Stimulus repetition at 0.2 and 0.6 S'1 was
used to test for perceptual wind-up.
Capsaicin evoked strong burning pain
and a leftward shift of S/R function
{> factor 3) in the area of secondary
hyperalgesia; noxious stimuli (pin pricks)
were more painful and non-noxious
mechanical stimuli eventually became
painful. Though the pain ratings were
increased in the area of secondary________________________
hyperalgesia, the extent of wind-up rew 25«mN
256 mN 20 mN
mained unchanged. Significant wind-up
BiuntvFH sharpvfh
pinprick
was only observed to pin prick repetition Windup to mechanical stimuli. Ratio of
at the 0.6 S'1 frequency (see Fig.).
first vs. average of5th-8thpain ratings
We conclude, that the adjacent injection of capsaicin causes a
pronounced enhancement of cutaneous pain sensitivity to punctate
mechanical stimuli, but no equally pronounced change in wind-up to
repetitive stimulation.

694.10
ROLE OF ENDOGENOUS CANNABINOIDS IN PAIN MODULATION
J. MMhahqWWker*,Winiai33Ljf Martin, Andtea p, Hphtnpn, Nnq Iq MFortin. Dale G. Deutsch and Kang Tsou. Schrier Research Laboratory,
Departments of Psychology and Neuroscience, Brown University, Providence, RI 02912, and Depts. of Biochemistry and Cell Biology, State University of New York, Stony Brook, NY 11794.
For many years it has been known that the brain contains nonopiate modulators of pain sensitivity, because certain forms of stress- and electrical stimulation-produced analgesia are insensitive to naloxone. Little is known about
the particular neural systems that mediate such effects. Recently, we have
found evidence for the existence of a powerful neural system that modulates
pain through a cannabinoid mechanism. Several lines of evidence indicate the
existence of this endogenous cannabinoid pain modulatory system: 1) low
doses of cannabinoids administered systemically, intracerebrally, or intrathecally produce profound analgesia; 2) cannabinoids inhibit noxious stimulusevoked c-fos expression in spinal cord, and the firing of wide dynamic range
neurons in spinal cord and thalamus; 3) increasing the synthesis of the endogenous cannabinoid anadamide by administration of the precursor ethanolamine
produces cannabinoid receptor-mediated analgesia; 4) increasing the synaptic
concentration of anadamide by administration of breakdown inhibitors produces profound cannabinoid receptor-mediated analgesia. Intracerebral microinjection studies suggest that these effects occur via actions in the dorsolateral periaqueductal gray, the dorsal raphe nucleus the rostral ventral medulla,
the lateral posterior nucleus of the thalamus, the superior colliculus, and the
nucleus submedius. These data demonstrate that endogenous cannabinoids
play a role in the modulation of pain.

694.12
ALPHA-2 ADRENERGIC AGONISTS PREVENT NMDA
ANTAGONIST NEUROTOXICITY. N.B. Farber* and J.W. Olney.
Dept. Of Psychiatry, Washington University, St. Louis, MO 63110.
Antagonists of the NMDA receptor are potentially useful
Leurotberapeutic agents for prevention of opiate tolerance, alleviation of
neuropathic pain and prevention of neurodegeneration in stroke and brain
trauma. However, the ability of these agents to reversibly injure or kill
neurons in rodent brain and to produce psychotic “emergence reactions”
in humans has raised concerns about their clinical use in humans. Over
the past several years we have been studying the mechanism(s) underlying
these adverse CNS side-effects and have proposed that they might
represent different manifestations of the same toxic process. Here we
report that the neurotoxicity induced in rat brain by the potent and
specific NMDA antagonist, MK-801, is prevented by several ox adrenergic
agonists in a dose dependent fashion. The dose of MK-801 used (0.5
mg/kg sc) causes a reversible neurotoxic reaction ("vacuole reaction") in
specific cerebrocortical neurons in 100% of treated rats. The ED50S (dose
that reduced the mean number of vacuolated neurons by 50%) for the ot2
agonists tested were clonidine (0.044 mg/kg), guanabenz (0.21 mg/kg),
lofexidine (0.38 mg/kg), p-iodoclonidine (1.3 mg/kg) and xylazine (2.4
mg/kg). If a common mechanism does underlie the neurotoxic and
psychotomimetic effects of NMDA antagonists, then co-adminstration of
an ct2 agonist with an NMDA antagonist might prevent the NMDA
antagonist from inducing either of these adverse side effects. This would
enable NMDA antagonists to be used more safely for alleviation of
neuropathic pain (unresponsive to opiates but possibly responsive to 0.2
agonists as well as NMDA antagonists) and to enable opiate analgesics to
be used without addiction liability in the management of other forms of
chronic pain. Supported by DA07261, DA 05072, AG 11355, NARSAD
Established Invest Award, RSA MH 38894 (JWO) & Scottish Rite
Benevolent Foundation's Schizophrenia Research Program (NBF).
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695.1

695.2

CORTICAL DYNAMICS OF WORD RECOGNITION IN NORMAL
AND DYSLEXIC SUBJECTS: A NEUROMAGNETIC STUDY.
R. Salmelin*. E . Sesvice.P . Kiesila, and K. Uutela. Low Temp. L al?.,
Helsinki Univ. of Technology, 02150 Espoo, and Dapl, of Psychology,
Univ. of Helsinki, 00170 Helsinki, Finland.
Wa explored spatiotemporal cortical organization during word
recognition in 7 normal subjects and in 5 subjects with a documented
history of developmental dyslexia, employing a whole-head
neeromagnelomater (Neuromag-122). All subjects were behaviourally tested for reading, naming, lexical decision, and mental
rotation speed, and for digit span forwards and backwards.
Subjects were shown 7-8 letter words for 300 ms (centered, 4 deg
visual angle), once every 3 s. Four categories alternated randomly:
concrete and abstract Finnish words, pronounceable pseudowords
without meaning, and unpronounceable, meaningless letter strings
with the same amount of consonants and vowels as in the other
classes. The subjects were instructed to say aloud the word 'kirahvi'
(giraffe) whenever it appeared (2.5% probability).
Activation of primary visual areas was accompanied by lateral
occipitoparietal signals within 200 ms after stimulus onset, showing
a pronounced right-hemisphere dominance in all dyslectics, in
contrast to the left-hemisphere dominance observed in 5 of 7 normal
subjects. The occipital areas remained active up to 800-1000 ms.
Concrete words elicited strong left frontotemporal activation after
500 ms in normals, but much weaker signals in dyslectics. Dyslexia
may thus be associated with abnormal right-hemisphere dominance
of early cortical analysis and reduced post-lexical activation.

HIGH-FREQUENCY
OSCILLATIONS
INDICATE
CELLASSEMBLY BINDING IN HUMANS. N. Birbaumer*, W'.
Lulzadberger & F. Puh/ermuller. Institute of Medical Psychology and
Behavioral Neurobiology, Univ. Tuebingen, D-72074 Tuebingen
EEG- and MEG-synchronized responses in the range of 20 lo 45 Hz
iddiaata „binding“ of aeU-assembaies because they reliably appear at
the human neoaortex if maanidgfUl information is processed. Three
experiments with healthy subjects (N=15 in each experiment) used (a)
meansdgfUa words and meaningless nseedowords carefully matched for
word length and frequency, (b) words with motor and sensory content
and, (c) regular Gestalt-like and irregular visual patterns presented in
^■10^1 visual fields. Changes in EEG power from multiple eleclrona
arrays were analyzed using currenct source densities based on
spherical spline interpolation in order to eliminate artificial influence
from reference eaea1rodes. Meaningful words elicit 30Hz gamma
responses in the left perisylviad cortex only, meaningless words
showed no synchronized responding in any frequency range (3,5100Hz). Words with motor content elicit 30Hz responses in left
frontal regions, words with visual content 35Hz responses in both
parietrl-occinelal cortices. Changes from chaotic to Gestalt-like visual
patterns elicit 40Hz oscillations in the respective cortical
representation of the visual field of the occipital lobe. The results
cannot be explained by effects of harmonics of changes in alpha
aclive1y.
Supported by the German Research Society (DFG).

695.3

695.4
THE LEFT FRONTAL OPERCULUM IN PHONOLOGICAL PROCESSING:
CONVERGING EVIDENCE FROM PET AND THE LESION METHOD. JA
Fiez*. H Damasio. D Tranel. Div Cog Neurosci, Dept Neurol, U Iowa, Iowa City.
PET studies in normal subjects have provided evidence that a region at the
junction of the inferior frontal gyrus and the anterior insula is important for
specific types of phonological processes (1,2,3,4). Here, we report
converging evidence on this finding using the lesion method. Eleven target
subjects with circumscribed left frontal opercular lesions were identified in
our patient registry. The target subjects and 11 normal controls matched for
age, sex, and education were studied using tasks derived from the PET
studies in normals. We hypothesized that the target subjects would be
impaired on tasks associated with functional activation in the left frontal
opercular region, but would perform normally on tasks not associated with
activation of the region. Relative to the controls, the target subjects were: 1)
impaired at reading nonwords (p=.004) and low-frequency words with
exceptional orthographies (e.g.,. chassis) (p=.006), but read other words
within normal limits (p>.05); 2) impaired on a phonological detection task
(does a word contain a long vowel sound, e.g. the ‘a' sound in LAME) with
both visual (p=.002) and auditory (p=.02) presentation, but were normal
(p>.05) on an orthographic detection task (does a word contain an
"ascending” letter, e.g. an T) with both visual and auditory presentation: 3)
impaired at remembering 5 words for 60 s (p=.05). The target subjects were
normal on a rhyming task (p>.05). These findings provide strong additional
evidence that regions within the left frontal operculum are part of a system
that makes specific and critical contributions to phonological processing.
1. Fiezzt al ., J CkCjNeur, in press; 2. Fiezzt al., S<s NeurorosAtetr
19(1993):1808; 3. Petersen et al., 1(1989):153-170; 4. Raife et al., Soc
Neurosci Abstr, 18(1992):932.

CORTICAL CONTROL OF VOCAL FUNDAMENTAL FREQUENCY
DURING SINGING. D.W. Perry*. R.J. Zatorre. and A . C. Evans. Montreal
Neurological Institute, McGill University, Montreal, QC, Canada H3A
2B4.
During singing, one must consciously control vocal fundamental
frequency in order to produce intended musical pitches. In the present
experiment, 13 subjects performed 3 experimental tasks, and changes in
CBF were measured by positron emission tomography using the water
bolus method. In the singing condition, they vocalized a single pitch
repetitively on the syllable "ah", holding each note as long as they could
comfortably on a single breath. In the playback condition, they listened
to a recording of their singing. In a whisper-tracking condition, they
listened to the same recording, while whispering "ah” at the same rate. In
comparison to playback, significant increases in CBF were observed
during singing in the supplementary motor area (SMA), the precentral
gyrus, the mid-insula/precentral operculum, and the cerebellum,
increases were also observed in the right primary auditory region, and
bilaterally in ' occipital cortex. These findings replicate those observed
previously during singing in comparison to perception of complex tones
(Perry et a/., 1993, Soc. Neurosci. Abstr. 19, 843). In comparison to
whisper-tracking, increases during singing were observed only in the inner
face of the precentral operculum, the right primary auditory region, and
the cerebellum. In comparison to playback, increases during whispertracking were observed in SMA, the precentral gyrus, and the midinsula/operculum. These results suggest that paramotor cortex in the
inner face of the precentral operculum may be particularly crucial to the
cortical control of vocal fundamental frequency, i.e. for adjustments of
vocal fold length by the intrinsic laryngeal musculature. They also
provide further confirmation for the hypothesis that right auditory cortex
may be preferentially involved in monitoring the pitch of one's own voice
during singing.

695.5

695.6

COMPARISON OF CORTICAL AREAS ACTIVATED BY PRIMARY AND
SECOND LANGUAGES IN HUMAN BRAIN USING FUNCTIONAL
MAGNETIC RESONANCE IMAGING (fMRI). K. Kim"1.3. J. Hirsch1^. R.
DeLaPaz2*3. N. Relkin3.__ and__ K.-M. Lee1^. Depts. of Neurology1 and
Radiology2, MSJCCC; Dept, of Neurology and Neeroscienca3, Cornell University
Medical College, New York, NY 10021
Fluent second languages can be acquired throughout life, providing primary
language acquisition has taken place during childhood. To better understand the
brain mechanisms involved in the development of pellilingeal capabilities after
childhood, we used fMRI techniques to study the cortical regions activated
during performance of identical tasks in volunteers who learned fluent English
dining early adulthood. Functional brain images were obtained using a GE Signa
1.5
Teslascanara with eche-hlanaa car>aaility iAdvancad NMN) u^ing a gradient
echo sequence with an ia-plana resolution of 1.56 x 1.56 mm2. Sixteen 4.7 mm
axial lliaas parallel to the AC-PC line were lnaaen 1.6 mm apart to image
virtually the anlire cerebral cortex. Twice over a period of month, each subject
underwent fMRI laanaidg as they read text, read carbally-ancone!n numbers and
performed aaacelalionl using cerbally-anaonen numbers in Korean and English.
A voxel-by-voxel, multistage statistical analysis with a replication requirement
inantifiad the locations of active siles associated with all tasks. Cortical regions
thought to be involved in aalaelrtiod showed identical activations ^1X8^01^ of
the language employed However, within the regions generally considered
language-related (presumably Broca's and Wernicke's areas), adjacent areas of
activation were reproducibly observed which appeared to be unique to Korean
and English respectively. These results suggest thal the mapping of primary and
secondarily-acquired languages may be spatially resolvable al the level of the
cerebral cortex when the second language is acquired after childhood. This
could reflact recruitment of neighboring cortical zones or subdivision of
language-specialized cortex in the process of acquiring a second language.
(Supported by William T. Morris Foundation Fellowship (KHSK), MSKCC (JH,
RD), and CV Starr Foundation (NR)).

A FUNCTIONAL MRI STUDY OF WRITING V. Menon* J. E. Desmond,
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K. O. Lim, J. B.Demb, D.Sptelman and A. Pfefferbaum Depeu-tments of If sychiatry and Behavioral ' Sciences, Radiology and Psychology, Stanford University
School of Mtdicint and Palo Alto VA Medical Ctnttr, CA 94304.
Brain areas activated during writing wtrt investigated using functional
MRI. The task conoioted of 6 cycles of 30o rest and 30o writing intervals. In
the writing interval, subjects wrote short sentences (aphorisms) dictated binaurally; the auditory presentation typically lasted less than 5s. Subjects rewrote
the sentence if they completed writing before the end of the 30s interval. Four
right-handed subjects (2M, 2F) were studied. Functional images were acquired
on a 1.5T scanner using a T2* weighted gradient echo spiral pulse sequence
(TR=75mo, TE=40mo, flip angle=30°). Twelve sagittal slices were collected,
six in each hemisphere, with slice thickness of 5mm and inter-slice separation
of 2.5mm. Time-series cross-correlation methods were used to determine the
loci of activation. In the left (contralateral) hemisphere, in addition to the
pre-motor (BA 6), motor (BA 4) and somatosensory (BA 3, 2 and 1) cortices,
activations were observed in Heschl’s gyrus (BA 41 and 42), posterior superior
temporal gyrus (STG, posterior BA 22) and in the frontal operculum (b A 44).
Activations were also observed in the left anterior STG in 3 subjects and in
the left posterior inferior temporal gyrus in 2 subjects. Strong activation was
consistently observed in the left supramarginal gyrus (BA 40) of all four subjects. Little or no activation was observed in the right (ipsilateral) hemisphere,
except for the cerebellum, where stronger and more widespread activation was
observed in the right hemisphere. Given that the auditory stimuli typically
lasted less than 5s in a cycle, the results suggest that a feedback loop between
Broca’s and Wernicke’s areas may be involved in maintenance of and access to
the phonological codes. The results are in good agreement with lesion studies
implicating the left supramarginal gyrus in phonological agraphia. Supported by
The Sinclair Fund, NIH (MH30854, F32BS09628 and AG11427) and the Department
of Veterans Affairs.
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695.7
ACTIVATION OF LEFT SUPERIOR TEMPORAL SULCUS WITH
FUNCTIONAL MRI OF SENTENCE PROCESSING. S. L. Small1*. D. C. Noll2.
C. A. PerfettP, and W. Schneider^ Departments of ^Neurology, ^Radiology,
and ^Psychology; University of Pittsburgh, Pittsburgh, PA 15261.
We used functional MRI to investigate the unique neuroanatomical
processing characteristics of sentences. Five right handed subjects participated.
Word sequences were presented one word at a time ending with a period.
Subjects pressed a button at the end of each grammatical meaningful sentence.
In the control task, sequences of false font strings were presented one string at
a time, with a button press at the end of each sequence. Button presses were
performed with the left hand and were equalized across conditions.
Within an oscillatory stimulus presentation paradigm, active and control
tasks were alternated for 30 sec each for 4 min. Six parasagittal spiral k-space
images were obtained in each hemisphere with a 1.5 Tesla scanner using a pair
of parallel 5-inch temporal surface coils. The head was restrained with a bite
bar or a clamp. A gradient echo pulse sequence used 4 interleaved spirals to
provide 2.7 x 2.7 mm resolution over an 18 cm FOV. Each slice was acquired 8
times during each 30 sec interval (total 64).
,
The activation waveform for each voxel was cross correlated (r = 0.5) with a
reference (sine) waveform corresponding to the temporal pattern of stimulus
presentation. The main regions of activation were the left inferior frontal gyrus
and superior temporal sulcus (STS). Most subjects had a smaller degree of
activation in homologous regions of the right hemisphere. Some subjects also
had activation in the left angular gyrus or premotor cortex. The focus of
activation in the left STS, about two thirds of the distance from the temporal
tip to the temporo-occipital junction, is not identical to the region of the
superior temporal gyrus implicated in most lesion studies as important for
comprehension.
(Supported by NIH DC00054)
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695.8

EFFECTS OF DIFFICULTY ON FUNCTIONAL MRI ACTIVATION
DURING A COGNITIVE TASK. RK Shin. M D’Esposito. JA Detre.
GK Aguirre. M Grossman*. DC Alsop. Depts. of Neurology & Radiology,
University of Pennsylvania Medical Center, Philadelphia, DA 19104.
The effects of increasing difficulty of a cognitive task on functional
brain activation have not been well studied. Specifically, it has been
argued that prefrontal activation in certain cognitive tasks (e.g. working
memory tasks) may be due to mental effort alone. If this hypothesis is true,
then a cognitive task that does not recruit prefrontal cortex might be
expected to do so when made more difficult. We studied 10 normal •
subjects using echoplanar functional MRI during a spatial location/mental
rotation task in which the subjects were required to match a target figure to
one of two spatially rotated figures. Difficulty was varied for each subject
either by increasing the number of mental rotations required to solve the
task (n=6) or by increasing the presentation rate of the stimuli (n=4) until
average subject accuracy decreased from approximately 90% to 70%.
Scanning was performed at 1.5 T over 16 contiguous 5mm axial slices
(TR=2000 msecs, TE=50 msecs). Regions of activation were identified by
correlation with task above a threshold r value, and signal change was
assessed within regions of interest. Task-correlated signal change was
found in bilateral superior parietal lobule (Brodmann’s area 7) and bilateral
occipital cortex (Brodmann’s area 19) in all subjects. As task difficulty
increased, an increase in percentage signal change and activation volume
was seen in these regions. Activation in prefrontal cortex was not noted.
These findings provide insight into how the brain responds to increasing
task difficulty and do not support the hypothesis that mental effort alone
results in the prefrontal cortical activation seen in working memory tasks.
Supported by the McDonnell-Dew Program in Cognitive
Neuroscience and NIH grant 5-T32-MH-18902.

695.9
AN EXPLANATION OF CONSCIOUSNESS. Eugene M. Brooks. M.D.*
1528 Tator Ct., Bloomfield Hills, MI 48302
Consciousness is postulated to be a rapid sequence of
multiple, discrete events which give the impression of
being a single entity. It is based on "qualitative
cores" which are described as the intra or intercellular
aspects of nerve cells. The cores constitute the unique
essences of the "five senses", the emotions, and other
forms of consciousness. Nerve impulses from these cells
progress "upward" and are processed. Processing includes
monitoring, selecting, screening, and combining under the
control of higher centers. The higher centers . are driven
by pleasure or displeasure in conjunction with previously
formed hierarchies. Hierarchies "compete" for the attainment of consciousness and are stored in memory. Mechanisms for rapidity of action, including "synecdoche" and
"abstracting" are proposed.
Nerve impulses do not create consciousness. They are
consciousness experienced from the "inside." The physical
or chemical elements which produce consciousness may
already be known but are not recognized as such because as
observers we are on the "outside." It becomes clear that
theories of consciousness must be based on physical or
chemical elements but until that level of explanation is
reached it is fitting to rely on an anthropomorphism (a
homunculus). The present paper applies not only to
consciousness but also to perception, meaning, attention,
curiosity, and a form of learning.

CIRCUITRY AND PATTERN GENERATION

696.1
CENTRAL GENERATION OF DIRECTED LIMB
MOVEMENTS IN LOCUSTS. A. Berkowitz* and G. Laurent.
Division of Biology, 139-74, Caltech, Pasadena, CA 91125.
The degree to which insect limb motor control requires movementrelated sensory feedback has been debated for decades, on the basis of
experiments on locomotion. We developed an insect preparation to
study the neural control of scratching. We recorded fictive motor
patterns for scratching by the middle leg and hindleg of locusts.
Locusts with the connectives cut between the prothoracic and
mesothoracic ganglia used the middle leg or hindleg to scratch each of
several sites that were stimulated mechanically. Thus, the head ganglia
are not required for scratching. The hindleg could scratch 1) the ear,
2) the ventral or posterior hindleg coxa, and 3) the posterior abdomen.
The middle leg could scratch the anterior hindleg coxa. The 3 types of
hindleg scratching were readily distinguished in plots of tibial extension
versus femoral elevation. Electromyographic recordings demonstrated
that during scratching, in contrast to walking, tibial extensor muscle
activity occurred partly during trochanteral levator muscle activity.
In several animals, we cut all nerve branches that provide motor
innervation to the middle legs and hindlegs, while leaving intact the
sensory innervation of the ear, abdomen, and most of the hindleg coxa.
These animals could produce coordinated bursts of activity in tibial
extensor and trochanteral levator and depressor motoneurons, in
response to mechanical stimulation of the same sites that evoked
scratching in animals that could move their legs. Thus, basic motor
patterns for locust scratching were generated in the absence of leg
movement. These central motor patterns also displayed clear
intersegmental coordination between the mesothoracic and metathoracic
ganglia. Supported by an NIH NRSA to A.B. and an NSF PFF to G.L.
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696.2
MODULAR ORGANIZATION OF RHYTHM GENERATING
CIRCUITRY FOR ROSTRAL SCRATCHING IN THE HEMISECTED
HINDLIMB ENLARGEMENT OF THE SPINAL TURTLE.
Paul S.G. Stein*. John C. Victor, and Edelle C. Field. Dept. Biology and
Movement Science Program, Washington Univ., St. Louis, MO 63130.
Fictive rostral scratching is produced in a spinal, immobilized turtle by gentle
mechanical stimulation of the ipsilateral (ipsi) midbody shell bridge (J. Neurophysiol.
53: 1517, 1985). Ipsi scratching motor output normally includes bursts of hip flexor
motor activity that rhythmically alternate with bursts of hip extensor motor activity.
Occasionally, in some cycles, "hip-extensor deletions" occur; during this
spontaneously occurring variation of fictive rostral scratching, there is no quiescent
period between the end of one hip flexor burst and the beginning of the next hip flexor
burst. Stein et al. (J. Neurosci. 15[6]: in press, 1995) described fictive rostral
scratching motor rhythms generated by a spinal, immobilized turtle with the left
halves of 6 spinal segments removed. In this hemisected hindlimb enlargement
preparation, the left halves of the 5 hindlimb enlargement segments (D8-S2) and the
left half of the D7 segment are removed. In this preparation, ipsilateral shell bridge
stimulation usually elicits ipsi rostral scratching with hip-extensor deletions, i.e.,
rhythmic bursts of ipsi hip flexor activity; contralateral shell bridge stimulation elicits
rhythmic bursts of ipsi hip extensor activity. We add to these findings with the
hemisected hindlimb enlargement preparation by using simultaneous bilateral
stimulation of mirror-image locations, one in the left rostral scratch receptive field and
the other in the right rostral scratch receptive field. Bilateral stimulation in this
hemisected hindlimb enlargement preparation elicited rhythmic alternation between hip
flexor bursts and hip extensor bursts; this is similar to the normal rostral scratching
motor pattern elicited by unilateral stimulation in the preparation with an intact
hindlimb enlargement. We obtained a similar result in the absence of neuromuscular
blockade with kinematic analysis of hindlimb movements in a spinal hemisected
hindlimb enlargement preparation. These observations support the concept of modular
organization of hip flexor and hip extensor rhythm generators for rostral scratching in
the turtle spinal cord. Supported by NIH Grant NS30786 to PSGS.
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696.4

PURINERGIC MODULATION OF SWIMMING MOTOR PATTERN IN XENOPUS
EMBRYOS. N. Dale* and D. Gildav. School of Biological & Medical Sciences,
University of St. Andrews, KY16 9TS, U.K.
Although sensory inputs evoke and modify motor activity in the Xenopus embryo,
the motor pattern for swimming follows an inherent dynamic progression in their
absence. The frequency of swimming gradually falls throughout an episode until
activity spontaneously ceases. The mechanisms underlying these time-dependent
changes remain unknown.
Applications of the P2 receptor antagonist, pyridoxal-phosphate-6-azophenyl-2’,4'disulphonate (10pM), shortened swimming episodes by 84±7% (±sem, n=4),
suggesting that ATP may be released during Active swimming. Adenosine applied at
10-100pM diminished the length of swimming episodes by 83±3% (n=3), while the A
receptor antagonist, 8-phenyltheophylline (2.5pM), enhanced their length by 106±
21% (n=6). Use of a,(i-methylene-ADP, to block conversion of AMP to adenosine by
ectonucleotidases, also lengthened swimming episodes (by 262±150%, n=5).
Naturally released ATP may thus be hydrolysed to adenosine which could then oppose
the actions of ATP during Active locomotion.
The mechanisms underlying these effects of ATP and adenosine have been
investigated both in the intact spinal cord and in neurons acutely isolated from the
spinal locomotor circuitry. Neither ATP nor adenosine appeared to: 1) gate an ion
channel directly; or 2) cause presynaptic inhibition. However, whole cell patch clamp
recordings showed that ATP reduced voltage-gated K+ currents by 16±1.6% ^^^ll),
while adenosine reduced voltage-gated Ca^+ currents by 14±3.2% (n=6).

Within the spinal motor circuitry, release of ATP may enhance excitability during
Active swimming by reducing K+ currents whereas delayed formation of adenosine,
by ectonucleotidases, may do the opposite by gradually reducing Ca2+ currents. Time-

dependent modulation of voltage-gated currents by ATP and adenosine may thus
underlie the dynamic regulation and self-termination of the swimming motor pattern.

GENES THAT CONTROL A MOTOR PROGRAM PERIOD IN C. ELEGANS
K. Iwasaki*. D. WC Liu, and J. H. Thomas, Dept. of Genetics, Univ. of
Washington, Seattle, WA 98195
Periodic activation of a motor program is controlled by a neuronal pattern
generator. Electrophysiology of some neuronal pattern generators, such as in Tritonia
and Panulirus, has been extensively studied. However, the genetic basis of such
pattern generators is not understood. Recently, we have found that C. elegans
defecation is controlled by a temperature-compensated clock, possibly a neuronal
pattern generator. With the exception of its periodicity (45 seconds), various
properties of this clock are similar to those of a circadian clock. The defecation
motor program consists of a stereotyped series of three muscle contractions, called
pBoc, aBoc, and Exp. To investigate how the defecation cycle period is genetically
controlled, we screened approximately 3,000 mutagenized haploid genomes and
reexamined existing mutants. We identiAed mutations in 12 genes can cause
abnormal defecation cycle periods. These defecation cycle periodicity (Dec)
mutations fall into two major groups, short cycle (Dec-s) and long cycle (Dec-ADetailed characterization of these mutants revealed the following points. 1) Most Dec
mutations affected the cycle period quite differently at 20° and 25°. Because of their
high frequency of isolation, we think most of the mutations affect temperature
compensation rather than causing thermolabile gene products. 2) Mutations in the
flr-l,flr-3, and fir-4 genes (Katsura, et. al. Genetics 136 145) showed a very short
mean cycle period. The short cycle period correlated strongly with weakened pBoc and
Exp motor steps, suggesting depletion of a factor by a high frequency of motor
program activation. 3) Dec-s mutations in dec-9 and dec-10 were dominant. These
mutations were gain-of-function based on heterozygous deficiency phenotypes. 4)
Most of the dec mutations did not affect internal timing of the motor program.
However, mutations in two Dec-c genes, dec-2 and dec-4, lengthened the interval
between pBoc and Exp steps.
We are currently building double mutants among the Dec mutations in order to
construct a genetic regulatory pathway for the clock.

696.5
THE CIRCUIT LOCUS OF THE BEHAVIORAL CHOICE
BETWEEN SWIMMING AND SHORTENING IN THE LEECH.

696.6
NEURONAL MECHANISMS MEDIATING CONTEXT-SPECIFIC
COMMANDS IN THE FEEDING SYSTEM OF APLYSIA. S. C. Rosen*,
E. C.Cropper1, F. S. Vilim1. K. R. Weiss1 ian I. Kupfermaan. Cntr.
Neurobiol. & Behav., NYS Psychiat. Inst., New York, NY 10032; 'Dept.
Physiol. & Biophys., Mount Sinai Sch. of Med., New York, NY 10027.
Appropriate behavior depends in part on an animal's ability to
initiate the behavior within a complex context. Neuronal mechanisms
mediating context-specific initiation of behavior were investigated in
the Aplysia feeding system where command-like intemeurons have been
identified and where initiation of ingestion is dependent upon: (1) the
generation of a postural state associated with food-induced arousal; (2)
a combined chemical and tactile stimulus applied to the lips; and (3) a
reinforcement state produced by the success of previous responses. Three
types of excitatory input to biting command-like interneuron CBI-2 may
carry state-dependent information: (1) input from neuron CPR that
controls the postural arousal system; (2) combined chemosensory and
mechanosensory input produced by food contacting the peri-oral zone;
and (3) direct input from a CPG interganglionic projection interneuron
(B19) that is excited by mechanoafferent neurons innervating the
grasping surface of the radula. B19 was found to produce a conductance
decrease slow EPSP in CBI-2 that can amplify other inputs to the cell.
Since CBI-2's resting potential is 15-25 mV below threshold and because
CBI-2 must fire above 10 Hz to effectively drive a rhythmic motor
program, it is likely that two or more inputs must act in concert to
produce robust behavior. The results indicate how crucial logical
operations may be executed by command-like neurons.

696.7

696.8
USING RNA-PCR TO DETERMINE LEVELS OF SHAKER
FAMILY GENE EXPRESSION IN NEURONS AND GLIAL
CELLS IN THE STOMATOGASTRIC GANGLION OF THE
SPINY LOBSTER. D.J Baro*. C.L. Cole. H.E. Rodriguez, and
R.M. Harris-Warrick. Section of Neurobiology and Behavior,
Cornell University, Ithaca, NY 14850.
The unique electrophysiological phenotypes of the different
identified neurons in the stomatogastric ganglion (STG) are essential
for the generation of the pyloric motor pattern. To better understand
the roles of identified currents in motor pattern generation, we are
trying to correlate specific cellular currents with specific genes from
the Shaker family of potassium channels. As a first step toward this
end, we have used RNA-PCR to survey unidentified neurons in the
STG to determine what fraction of the neurons detectably express a
given shaker family gene. In these experiments individual neurons
serve as templates in RNA-PCRs. Our primers are specific for the
four members of the lobster Shaker family genes and an alpha-tubulin
gene, and always flank an intron to ensure that we are detecting RNA
and not chromosomal DNA. Each gene appears to be expressed in at
least 63% of the neurons surveyed. We have also used this method to
determine which genes are detectably expressed in glial cells. Thus
far, we have only been able to detect shal gene expression in glial
cells. As the next step toward our goal, we have developed and are
currently using a quantitative RNA-PCR method to measure
differences in the level of Shaker family gene expression in identified
neurons of the pyloric network. Supported by NIH NS25915.

B. K. Shaw* aralW. B . Krfetan. Jr. Dept.of BiBlogy, U niv.of California,
San Diego, La Jolla, CA 92093-0357.
We are studying the veuroval basis of the behavioral choice between
two incompatible behaviors in the leech, swimming avd the whole-body
shortening reflex. An advantage of studying these behaviors is that the
neural circuit for swimming is particularly well understood. It is made up
of a hierarchy of identified neurons: head brain interneurons influence
segmental swim-gating intemeurons, which activate the oscillator
intemeurons that make up the CPG for the rhythym, which in turn drive
the motor neurons.
At a behavioral level, the shortening reflex dominates swimming:
swimming is prevented during shortening and shortening can interrupt
swimming. In correspondence with this at a neuronal level, the cells
204— the most powerful of the swim-gating interneurons—are strongly
inhibited during shortening. The cells SE1, 'swim excitor* interneurons
in the brain which strongly excite the cells 204, show an opposite effect:
they are excited during shortening. This means that during shortening,
the cells SE1 can have an inappropriate excitatory effect on the cells
204 that must be overridden by other, inhibitory, inputs to 204. This
suggests that the cells 204 act, at least in part, as the ‘decision-site’
where the signals that promote and suppress swimming are integrated.
It also suggests that the cells 204 are examples of intemeurons that are
dedicated to a single behavior—swimming—while the cells SE1 may be
multifunctional intemeurons that participate in more than one behavior.
To further test these hypotheses, we will record from other swim circuit
intemeurons, like the oscillator cells, to determine their role in
shortening. Supported by NIGMS training grant GM08107 (BKS) and
NIMH research grant MH44396 (WBK).

A MOTOR PROGRAM ASSOCIATED WITH FEEDING IN
ISOLATED CEREBRAL GANGLIA OF APLYSIA.
Rav Perrins*
and K. R. Weiss Dept. Physiology and Biophysics, Mount Sinai
School of Medicine, New York, NY 10029.
The coordination of mouth and buccal mass movements varies in
different forms of feeding-related behavior in Aplysia and indeed can
occur independently. Buccal motor programs (BMPs) controlling
buccal mass movements can be obtained in isolated buccal ganglia so
the central pattern generator (CPG) controlling this aspect appears to
reside there. Mouth movements are controlled largely by
motoneurons in the cerebral ganglion and we have now discovered a
neuron, the cerebral motor program initiator (C-MPI), which can
induce a cerebral motor program (CMP) in the isolated ganglion
when fired at rates of 12-26 Hz. The cycle period of the program is
between 9 and 50 seconds, similar to those observed for BMPs. This
program incorporates alternate firing of lip motoneurons Cll and
C12 as well as e-cluster neurons including C4 and C-MPI itself. The
cerebral to buccal intemeurons CBI-2 and CBI-4, which can induce
BMPs fire rhythmically during the CMP. When the buccal ganglion is
attached the CMP can occasionally evoke single cycles of a BMP but
more commonly has little effect on buccal output. During BMPs
evoked by firing in CBI-2 and CBI-4, C-MPI receives strong
rhythmic excitatory input. Thus there are CPGs in both cerebral ana
buccal ganglia which can control individual motor programs without
the need for input from the other. However, the CPGs are connected
at several sites. Altering the strengths of these connections, or
decoupling the CPGs altogether may provide a mechanism for
varying the coordination of mouth and buccal mass movements in
different behaviors.
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696.10

DOPAMINE (DA) AND SEROTONIN (5HT) COORDINATE DIFFERENT
ASPECTS OF CONSUMMATORY FEEDING BEHAVIOR IN APLYSIA.
E.A.Kabotvanski*. D.A.Baxter and J.H.Bvme. Dept. of Neurobiology and Anatomy,
Univ. of Texas Medical School, Houston, TX 77030.
One of the salient features of biological pattern generators is their ability to be
modulated by extrinsic and intrinsic factors. The mechanisms by which this modulation
occurs are poorly understood however. We have begun to examine this issue using
feeding behavior in Aplysia. This behavior is controlled partially by the buccal ganglia.
Bath application of DA induces patterned neural activity in isolated buccal ganglia and
biases this activity toward ingestion-like motor programs (Baxter et al., this volume).
Although 5HT has been implicated in the enhancement of consummatory responses
(Rosen et al., 1989), it has also been shown to inhibit aspects of motor programs in
isolated buccal ganglia (Baxter et al., this volume). We have developed a semi-intact
preparation to provide direct behavioral evidence correlating feeding behaviors with the
actions of DA, its precursor DOPA, and 5HT.
The preparation consisted of the isolated anterior portion of the animal with attached
CNS. The canulated buccal artery was perfused with saline to apply drugs and
appropriate hydrostatic pressure. The force produced by foregut movements was
monitored isotonically with a transducer attached to a thread that was drawn through the
mouth and esophagus. In control saline, low frequency (-0.006 Hz) feeding-like
movements occurred with no net displacement of the thread. DA (50 pM) evoked
frequent (-0.04 Hz) cyclical opening-closing of the jaws and protraction-retraction of
the radula, which appeared similar to bites in intact Aplysia. These movements led to
inward displacement of the thread. Effects of DOPA (250 pM) were similar. 5HT (5
pM) did not significantly change the frequency of foregut movements, but each cycle
resulted in a large inward displacement of the thread. 5HT-induced movements, most of
which occurred without jaw openings, were distinct from DA-induced movements and
appeared similar to swallows (Morton & Chiel, 1993; Kupferman, 1974).
Our results indicate that DA and 5HT may be involved in the control of ingestive
consummatory feeding. In particular, DA appears to coordinate the generation of biting,
whereas 5HT appears to coordinate the generation of swallowing.

CHARACTERIZATION OF MOTOR PROGRAMS GENERATED IN ISOLATED
BUCCAL GANGLIA OF APLYSIA AND THEIR MODULATION BY BIOGENIC
AMINES. D.A. Baxter*. S.J. Cushman. E.A. Kabotyanski and J.H. Bvrne. Dept, of
Neurobiology and Anatomy, Univ. of Texas Medical School, Houston, TX 77030
To provide further insights into the coordination of motor patterns, we monitored
patterned neural activity in isolated buccal ganglia with extracellular and intracellular
recordings. Based on similarities to previous recordings from freely behaving animals
and on the phase relationship between activity in identified motor neurons (e.g.,
Morton and Chiel 1993; Church and Lloyd 1994), three patterns were identified: a
rejection-like pattern, an ingestion-like pattern, and an intermediate pattern. In control
saline, all three occurred spontaneously. However, the rejection-like pattern was
expressed most often and the ingestion-like pattern was the least common. In
addition, stimulation of the radula nerve usually elicited the rejection-like pattern.
Bath application of dopamine (DA; 50 pM) had three effects. First, DA increased
the occurrence of spontaneous patterned neural activity. Second, DA increased the
number of ingestion-like patterns and decreased the number of rejection-like patterns.
Third, in the presence of DA, stimulation of the radula nerve elicited an ingestion-like
pattern rather than a rejection-like pattern. The effects of serotonin (5HT) were
complex. First, 5 pM 5Ht decreased the occurrence of spontaneous patterned neural
activity. In contrast, 0.5 pM 5HT increased spontaneous patterned activity. Neither
concentration of 5HT significantly altered the relative distribution of the types of
motor patterns, however. Second, in the presence of 5 pM 5HT, stimulation of the
radula nerve failed to elicit patterned neural activity. Finally, 5 pM 5HT attenuated
the DA-induced patterned neural activity.
These results, and those of others, indicate that the buccal ganglia contain a central
pattern generator (CPG), which in isolation can produce patterns of neural activity
similar to those observed in intact and semi-intact preparations, and that biogenic
amines play a role in determining the functional configuration of the CPG. For
example, DA induced ingestion-like activity, which is a likely neural correlate of
biting (Kabotyanski et al. this volume). 5HT also has been shown to enhance aspects
of ingestive behaviors. For example, 5 pM 5HT induced swallowing-like movements
in our semi-intact preparation. Neural correlates of such 5HT-mediated enhancement
were not apparent in isolated buccal ganglia, however. One possibility is that these
correlates of 5HT may arise from more complex integration by additional central
and/or peripheral neural elements.

696.11

696.12
INTERPLAY OF EXCITATORY AND INHIBITORY PATHWAYS DURING
NEUROCHEMICALLY INDUCED LOCOMOTOR ACTIVITY IN THE NEONATAL RAT SPINAL CORD. E. Kremer and A. Lev-Tov*. Dept, of Anatomy,
The Hebrew University Medical School, Jerusalem, Israel.
The left-right alternation of neurochemically induced locomotion was studied in
the isolated spinal cord preparation of the neonatal rat using wide-band AC extracellular recordings from lumbar ventral roots and intracellular recordings from
segmental motoneurons. The left-right alternation of the locomotor rhythm could
be converted into bilaterally synchronous bursts by bath application of the glycine
receptor blocker strychnine, the GABA^ receptor antagonists bicuculline and
picrotoxin and by the nicotinic acetylcholine receptor blockers hexamethonium
and mecamylamine. The drug induced bilateral synchronicity was not unique to
the lumbar cord and occurred in most segments of the spinal cord with intact or
detached lumbar segments. When occurred, the synchronous bursts could be transmitted rostrally and caudally by ascending and descending pathways traveling in
the ventral, the ventrolateral the lateral and dorsolateral funiculi. Reduction of the
enhanced excitatory drive of the cord by pre-treatment with the excitatory amino
acid receptor blockers CNQX or AP5, by bath application of the GABA uptake
inhibitor nipecotic acid, and in some cases by the use of mid-saggitally split spinal
cord preparations with a single bilaterally-intact upper lumbar segment, unmasked
left-right alternating rhythm in the presence of either bicuculline, strychnine or
the nicotinic cholinergic antagonists. It seems that the idea of relating the drug
induced “conversion” of the rhythm to a blockade of reciprocal inhibition is oversimplified. We suggest that the cross excitatory pathways between the hemicords
are strongly modulated by various inhibitory projections and that the efficacy of
these projections may play a significant role in determination of the phase relation
between the left and right hemicords during neurochemically induced locomotion.

AFFERENT CONTROL OF BUCCAL MOTOR PROGRAMS IN APLYSIA. R.
Nargeot*. D.A. Baxter and J.H. Byrne. Department of Neurobiology and Anatomy,
University of Texas Medical School, Houston, TX 77030.
Behavioral studies have shown that the central pattern generator (CPG) underlying
consumatory feeding behavior in Aplysia can mediate, in response to different types
of sensory input, either ingestion or rejection. We have begun to examine how
afferent inputs to this CPG influence its activity in a reduced preparation.
The reduced preparation consisted of isolated buccal ganglia with two of its
peripheral nerves (see below) still attached to small patches of the inner surface of the
buccal mass. Motor nerve activity was monitored with extracellular recordings.
Activation of afferents could elicit feeding motor programs in previously quiescent
preparations. A motor program, which has previously Been demonstrated to mediate
ingestion in intact ana semi-intact preparations (Morton & Chiel, 1993a,b) was
induced by applying seaweed to the inner surface of an anterior portion of the buccal
mass. In contrast, no motor activity was induced by a similar stimulation of a posterior
portion of the inner surface of the buccal mass. One or two cycles of a rejection-like
pattern could be elicited by stretching either portion of the buccal mass.
The axons of the afferents implicated in these responses were located in the most
anterior branch of the buccal nerve 2 (which we refer to as BN2,3) and the anterior
branch of the esophageal nerve (which we refer to as EN2). Rhythmic motor activity
composed of both ingestion- and rejection-like patterns was induced by tonic
electrical (2Hz) stimulation of BN2,3, whereas tonic electrical stimulation of EN2
only induced a rejection-like pattern. In all cases, the induced rhythmic activity lasted
as long as the tonic stimulation was applied, whereas phasic electrical stimulation
(10Hz, 6s) of either nerve evoked only one or two cycles of a patterned motor
activity.
These results indicate that in isolated buccal ganglia, afferent inputs can induce
patterned motor activity similar to that observed in freely behaving animal (e.g.,
ingestion and rejection). Moreover, the finding that a single afferent pathway (e.g.
BN2,3) could elicit two distinct motor programs during tonic activation, suggests that
the CPG can undergo rapid reconfiguration, which may underlie behavioral switching.
Such a reduced preparation will be suitable for investigating the cellular mechanisms
contributing to such reconfiguration.

CELL LINEAGE AND DETERMINATION IV

697.1

697.2

PURIFICATION AND CHARACTERIZATION OF ADULT OLIGODENDROCYTE PRECURSOR CELLS
J. Shi. A. M. Marinovich and B. A. Barres*. Dept, of Neurobiology, Stanford
University, School of Medicine, Stanford, CA 94305-5401, USA.
Although the extent to which demyelinated white matter can repair itself is not
known, the injured brain appears to have at least some ability to generate new
oligodendrocytes. It has been suggested that new oligodendrocytes may arise, at least
in part, from oligodendrocyte precursor cells that persist in the adult central nervous
system. Oligodendrocyte precursor cells in adult brain divide little, if at all, whereas
they divide rapidly during development. Similarly, it has been reported that adult
precursor cells in culture divide more slowly than perinatal precursor cells.
Fundamentally, such differences between the behavior of adult and perinatal
oligodendrocyte precursor cells could be the result of either intrinsic or extrinsic
differences (or both). In order to answer this question and to further characterize the
properties of the adult precursor cells, we have directly compared the properties of
highly purified perinatal and adult precursor cells. 2,000 adult oligodendrocyte
precursor cells per P60 rat optic nerve were isolated by immunopanning to greater
than 99% purity. The purified cells share several properties with their perinatal
counterparts: nearly all differentiated into GC+ oligodendrocytes in serum-free
medium or into GFAP+ type-2 astrocytes in serum-containing medium. Clonal
studies showed that nearly all adult oligodendrocyte precursor cells divided
symmetrically in serum-free medium containing PDGF, NT-3, IGF-1 and thyroid
hormone. They divided, however, at least five to ten times more slowly than the
perinatal cells and generated few oligodendrocytes. The purified adult precursor cells
did not revert to rapidly dividing cells in PDGF and FGF. These studies demonstrate
that perinatal and adult oligodendrocyte precursor cells are intrinsically different and
raise the question of whether adult oligodendrocyte precursor cells have the ability to
revert into rapidly dividing precursor cells.

THE PRESENCE OF MICROGLIA IN MURINE EMBRYONIC
CULTURES OF EGF-GENERATED NEUROSPHERES. A.K. Papavasiliou.
M.F. Mehler, K. Dobrenis. R. Marmur. P. Mabie. C.S. Raine*. J.A. Kessler.
Dept, of Neuroscience, Albert Einstein College of Medicine, Bronx, NY
10461.
Although microglia play a prominent role in central nervous system (CNS)
pathophysiology, their relationship to other major cellular lineages during
CNS development is not well characterized. The predominant view is that all
microglia are of monocytic lineage. Alternatively, it is possible that during
fetal development a subpopulation of microglia also arise from endogenous
progenitor cells. To address this issue, we have studied the elaboration of
microglia in epidermal growth factor (EGF)-generated multipotent progenitor
cells from the E17 mouse subventricular zone (SVZ), known to give rise to
the three major CNS lineages. Utilizing the following microglial markers,
Griffonia Simplicifolia I-B4 Isolectin, dil-acetylated LDL, Mac-1 and F4/80,
we now report the presence of microglia within these cultures. Treatment of
serially passaged EGF-generated neurospheres with either CSF-1 or GM-CSF
altered microglial morphology leading to ramified (CSF-1) or amoeboid (GMCSF) microglia with a small increase in cell number. By contrast, treatment
with microglial conditioned media greatly increased the number with both
morphologies. Application of cytokines (bFGF,CSF-l, IL-6) allowed the
generation of microglia from single isolated neurospheres. Current studies are
underway to examine whether these microglia are derived from neural
progenitor cells.
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697.3

TRANSFECTION OF DISSOCIATED EMBRYONIC AND POSTNATAL
RAT RETINAL CELLS IN CULTURE BY PARTICLE-MEDIATED GENE
TRANSFER. E. M. Levine. L.C. Streichert*. and T. A. Reh.
Department of Biological Structure, University of Washington, Seattle,
WA 98195.
The difficulty in transfection of progenitor cells and neurons is a major
obstacle of gene expression studies in the mammalian central nervous
system. Using particle-mediated gene transfer, or biolistics, we have
successfully transfected coverslip cultures of dissociated E18 - P2 rat
retinal cells. In biolistics, DNA is precipitated onto micron sized gold
particles that are delivered to the cells by a high-pressure burst of
helium in an evacuated chamber. To determine the effectiveness of
this approach, we transfected the pCS2 expression vector containing
either the E.coli B-galactosidase (B-gal) gene or a 6-repeat myc epitope
tag (MT) under the control of the immediate early CMV promoter.
Cytochemical detection of B-gal was done with the substrate X-gal or
with anti-B-gal antibodies. The MT was detected with the 9EC10 antiMT monoclonal antibody. Transfection of high-density coverslip
cultures (initial plating density 2.5 x 105 cells) ranged from a few
hundred to over 1000 cells. Expression of the transfected plasmids
was observed 8 hours to 9 days post-transfection. Using cell-type
specific antibodies to identify the retinal cell classes, transfection was
observed in most retinal neurons as well as progenitor cells. In cotransfections using the pCS2-B-gal and pCS2-MT, most cells that were
successfully transfected expressed both B-gal and the MT. Therefore,
this technique is amenable for gene expression studies in embryonic
and postnatal rat retinal cultures.
This work was supported by funds from NINDS.

697.5
A PRODUCES) OF ACTIVATED MICROGLIA PROMOTES
CHOLINERGIC DIFFERENTIATION OF CULTURED BASAL
FOREBRAIN NEURONS. G M, Jonakait*, M. B. Luskin, R. Wei,
and L. Ni. Dept. of Biological Sciences, Rutgers University,
Newark, NJ 07102 and Dept. Anatomy & Cell Biol., Emory
University School of Medicine, Atlanta, GA 30322
In cultures of embryonic septal nuclei with adjacent basal
forebrain (SN/BF), interferon-y (IFNy) dramatically increases the
activity of choline acetyltransferase (ChAT) by increasing the
number of cholinergic neurons (Jonakait et al., Neuron 12:1149).
Since the target of IFNy is ameboid microglia, we have assayed the
effects of conditioned media (CM) derived from enriched cultures
of activated (i.e., IFN-treated) primary microglia and from an
unstimulated monocyte/macrophage cell line (RAW 264.7) on
ChAT activity in septal cultures, and have found that these CM
raise ChAT activity in SN/BF cultures 15-16 fold. Efficacy of CM is
dependent on the density of cultured cells, reaching maximal
effects at approx. 106 cells/ml. IFN treatment of RAW cells is not
required to obtain activity.
Cultures labeled with retroviral markers (BAG) and treated
with either IFN or CM from activated microglia or RAW cells show
a 3-9-fold increase in the percentage of cholinergic cells detected
in retrovirally labeled clones. Neither NGF nor bFGF mimics this
action. These data suggest that all three treatments promote
cholinergic differentiation of undifferentiated precursors present
in the cultures.

697.7
CELL LINEAGE AND EMBRYONIC ORIGINS OF TASTE RECEPTOR
CELLS. L.M. Stone*. T.E. Finger. U. Colo. Hlth. Sci. Ctr., Denver, CO 80262
P.P.L. Tam. U. Sydney, Sydney, Australia, and S.-S. Tan. U. Melb., Melbourne,
Australia.
Taste buds consist of several cell types, based on morphological and
immunocytochemical characteristics. For example, basal, dark, intermediate and
light cells can be distinguished using electron microscopy (e.g. Delay et al., J.
Comp. Neurol., 1986); subsets of cells that are serotonin immunoreactive or
gustdudn immunoreactive can be distinguished at the light microscopic level
(Bottger et aL, Chem. Senses, in press). Using mosaic analysis, we previously
demonstrated that multiple progenitors give rise to this complex population of
neuroepithelial cells and that these progenitors derive from local epithelium
(Stone et al., PNAS, 1995). Further investigation now has revealed that this local
epithelium giving rise to taste buds may be of either ectodermal or endodermal
origin. Currently, we are addressing the question of cell lineage relationships
within the taste bud. As in previous studies, we are using X inactivation mosaic
mice to examine clonal relationships. These mice are transgenic, female mice
that contain multiple copies of a lacZ marker on one of their two X
chromosomes. Early in development, this results in the ubiquitous production of
B-galactosidase (B-gal) in embryonic cells. However, during development, as
occurs in all mammalian females, one of the two X chromosomes is randomly
inactivated in each cell. This process is stable and clonally heritable, and results
in two cell populations in the mouse: one that expresses B-gal, and one that does
not. Thus the mouse is mosaic for B-gal expression, and this mosaicism can be
used for cell lineage analysis. In the taste bud, this is accomplished by analyzing
taste buds that contain both B-gal + and B-gal- cells. Statistical analysis of the
relationships between B-gal expression and morphological or immunocytochemical
cell types indicates which of these cell types are clonally related.

Society

for

Neuroscience

, Volume 21, 1995

697.4
DETECTION OF GENOMIC SEQUENCE VARIATION BETWEEN
NEOCORTICAL CELL LINES AND GERM LINE DNA. J.J.A.
Contos and J.J.M. Chun*. Dept. of Pharmacology, School of Medicine,
University of California at San Diego, La Jolla, CA 92093-0636
We are investigating the hypothesis that genomic DNA rearrangements occur
during die normal development of mammalian CNS neurons. The technique we
have utilized is representational difference analysis (RDA), a PCR-based method
that allows selective amplification of low molecular weight restriction fragments
unique to a given DNA sample (Lisitsyn et. al., Science 259: 946, 1993). With
tile assumption that the cells of the CNS are not homogeneous with respect to
genomic DNA variability, a clonal cell line derived from the mouse embryonic
telencephalon was used to derive DNA representing potential rearranged loci in the
CNS. RDA was used to amplify differences between this genomic DNA and
putative germ-line genomic DNA (derived from adult liver). The cell line contains
one copy of a retroviral provirus with the SV40 Large-T oncogene (LgT). A
Hindlll fragment of 527 bp in the LgT gene, not present in the liver genomic
DNA, serves as a positive control for the technique. Southern blot analysis of
RDA products has shown this fragment to be selectively amplified in our
experiments. Several other restriction fragments of various sizes were also
selectively amplified. These RDA products may result from altered restriction
fragment length created by proviral integration, spontaneous in vitro mutations in
the cell line during culture, or normal in vivo rearrangements occurring before the
cell line was established. Three approaches are being used to analyze these
fragments: 1) identification of proviral-containing products by Southern-blot
analysis, 2) determination of sequence homologies within/between various products
and to known genes, and 3) generation of RDA products from independently derived
cell lines to determine which products among various cell lines have common
genomic loci, [supported by die March of Dimes, the California Tobacco Disease
Related Program, and the Lucille P. Mturkey charitable must]

697.6

PURKINJE CELL LINEAGE AND THE TOPOGRAPHIC ORGANIZATION OF
THE CEREBELLAR CORTEX: A VIEW FROM X INACTIVATION MOSAICS
K. Sechilrin**. tL Rossegaatee1. M.L. Schiliing1. W. Pretsch3. S.L.
Baader1. and H.F. Teutsch2. 1) Abt. Anatomie & Zellbiologie, 2) Abt.
Anatomie, Universitat Ulm, D-89069 Ulm, Germany, and 3) Institut fur
Saugetiergenetik, GSF Neuherberg, D-85758 OberschleiBheim, Germany
We utilized a strain of mice, derived from a radiation mutagenesis experiment and carrying an activity-attenuated allele of the X linked enzyme,
G6PD, to analyze the development of the cell lineage leading to cerebellar
Purkinje neurons. Due to random X inactivation during early embryonic development, X linked genes can be used to distinguish between donahy related populations of cells in X inactivation mosaics. Following histochemical staining for G6PD activity, the numeric proportions of Purkinje cells
expressing either the wild type or the mutant enzyme and the spatial distribution of these cellular phenotypes and their relation to anatomically and
genetically defined cerebellar compartments was analyzed. Our data suggest that cerebellar Purkinje neurons originate from a limited pool of precursors. The size of this pool is different from the one derived from chimeric mice (e.g. Vogel & Herrup, Dev.Biol. . 156, 49, '93), allowing us to
deduce the relative timing of Purkinje cell lineage restriction. Our data also
show that Purkinje neurons of distinct lineage are extensively intermingled
within the cerebellar cortex. Together, these findings imply that genetically defined cerebellar compartments (e.g. Oberdick et al, Neuron 10,
1007, '93) are not a simple consequence of the spatial arrangement of
clonally related Purkinje cells. Rather, they suggest a role for cell/cell communication in the development of these compartments and hint to a
temporal window during which such cellular interactions may take place.
Supported by the BMBF, the DFG, and NATO.

697.8

HUMAN LEPTOMENINGEAL CELLS DIFFERENTIATE
INTO ASTROCYTE-LIKE CELLS IN INJURED RAT SPINAL
CORD. J.J. Bernstein^. S.A. Karp1 L.A DiGorgio2 and J.P.
Blass2. Lab CNS Regen & Neurs-Oghsl, DVA Med Ctr,
Wash DC, 204221 & Burke Med Res Inst, Cornell Univ Med
Coll, White Plains, NY2
Human leptomeningeal cells (HLC) were cultured at
autopsy from a 84 year old woman (6 hours after death).
10® HLC (in 4 pi), incubated in fast blue as a premarker,
were placed in an aspiration pocket in the C3 dorsal
columns of 40, adult, athymic male rats.
Rats were
perfused with 4% paraformaldehyde after 3 (day), 1,2,3,4,
and 8 weeks.
Using hsgfshal microscopy and
immunofluorescence, studies were performed using
antibodies to GFAP and geursfilamegt protein. Cells in the
spinal cord that contained fast blue, were positive for GFAP
and negative for geursfilamegt protein were considered to
be grafted HLC that differentiated with astrocyte-like
characteristics. Cells with these characteristics were found
in the adjacent dorsal and ventral horns of the spinal cord in
the area of the implantation pocket. These cells were
observed for the 8 weeks of the experiment. These data
indicate that there are pluripotential cells in aged humans.
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697.9
Embryonic rat hindlimb cells injected into the caudate-putanum mature into
fast and slow muscle fibres arranged as fascicles around chondrogenic cores.
C.L. Pin. W.J. Rushlow. K.A. Rogers. A.W. Hrycyshvn* and P.A. Merrifield.
Dept, of Anatomy, Univ. Western Ontario, London, Ontario, Canada N6A 5C1.
Myoblasts obtained from embryonic day 14 (ED 14) rat hindlimbs have been
shown in culture to differentiate into small myotubes which exclusively express
embryonic and slow myosin heavy chains (MyHC). Unlike myoblasts obtained
from later time points in development, these cells undergo limited fusion and do
no not express fast MyHCs. (Dev. Genet. 14, 356. 1993). Due to these
differences, we have postulated that "embryonic myoblasts" represent a myoblast
lineage responsible for the formation of slow muscle fibres in vivo. To test this
hypothesis, cell suspensions from EDM rat hindlimbs were stereotaxically injected
into the caudate-putanum of adult rats to determine their developmental potential
in an ectopic site. At two weeks post-injection, it could be seen that extensive
proliferation and fusion of the myoblasts had occurred. By four weeks, the grafts
were histologically similar to fetal hindlimbs. In every graft, large muscle fascicles
could be seen encircling a cartilaginous core. Prior to innervation, muscle fibres
typically contained peripherally-located nuclei and expressed slow, fast or both
slow and fast adult MyHC isoforms. Staining with alcian blue and silver nitrate
revealed that the cartiiaginous cores are undergoing osteogenesis, exhibiting all of
the typical stages of endochondral ossification, and are enclosed by a well
developed periosteum. These results suggest that (a) EDM hindlimb myoblasts
are capable of forming both slow and fast muscle fibres when maintained under
permissive conditions in vivo, and that (b) innervation is not required for the
expression of adult fast and slow MyHCs. Furthermore, the organization of cells
within the grafts to form osteogenic cores and muscle fascicles suggests that
embiyonic cells sort themselves within the grafts to generate structures similar to
those seen in fetal limbs. (Supported by MDAC).

697.10
EXPRESSION OF MEF2C IN FETAL MOUSE BRAIN.
D. Leiffr.* Y. L, LL ann K. Wehr, Dept. of Neuuology, Yak
University School of Medicine, New Haven, CT 06510.
MEF2C (myocyte-specific enhancer binding factor 2C) is a
member of the MADS family of transcription factors and is expressed
preferentially at high levels in human and rodent cerebral cortex. We
have previously studied the distribution of MEF2C immungrhactiyity
in human cerebral cortex from 14 weeks of gestation to adulthood. In
adult human cortex, double-labeling experiments indicate that it is
expressed preferentially in inhibitory inthrnhurgns. In human fetal
cortex, MEF2C immungreactiyity is localized to the cortical plate. It
is not found in the ventricular or intermediate zones during the stages
of fetal development that we examined, but cortical nhuroghnhsis is
nearly complete by the harliust ages that we were able to examine. We
have now used in situ hybridization and immunohistochemistry to
study MEF2C expression in fetal mouse brain during the period from
El 1 to E17 when most cortical neurons are generated. Both methods
indicate that MEF2C is expressed in the cortical plate and that little, if
any, is present in the ventricular or intermediate zones. In addition,
MEF2C is detectable in other areas of the brain including the olfactory
bulb, the basal forebrain, the inferior colliculus, and the cerebellum,
and in some cells within the thalamus and amygdala and in scattered
cells elsewhere in the brain. These results indicate that MEF2C
expression is tightly controlled both spatially and temporally. In
addition, the results indicate that it appears to be turned on in cortical
neurons after they become post-mitotic and migrate to the cortical
plate. This pattern of expression suggests that MEF2C may have a
role in the post-mitotic differentiation of specific subsets of neurons.

697.11

697.12
DEVELOPMENTAL REGULATION OF TOE PDGF a-RECEPTOR EXPRESSION IN
GLIAL CELLS AND NEURONES OF THE MOUSE CENTRAL NERVOUS SYSTEM.
B. Nait Oumesmar. L. Vignais and A. Baron-Van Ev^doron*. U134 INSERM, Hdpital
de la Salpetrkre, 75651 Paris cddex 13, France.
Several studies have provided evidence for the expression of the PDGF a-receptor
(PDGF-aR) on oligodendrocyte progenitors (O-2A). The effects mediated by this receptor
are proliferation, migration and chemoattrattion. High levels of PDGF-A chain transcripts
are detected in neurones of the embryonic and adult mouse central nervous system (CNS),
suggesting that neurones may direct proliferation, targeting and finally diffurrntiatifn of
the oligodendrocyte progenitors prior to myelination. In this study, we analysed the
expression of die PDGF-aR during the postnatal (P) development of the mouse CNS by
in situ hybridization and immunohistochemistry on twain and spinal cord tissue sections.
Between PI and P15, PDGF-aR (transcripts and protein) are preferentially expressed by
O-2A progenitors and pre-myelinating oligodendrocytes as previously reported. At P15,
these cells with an 04-phenotype are in contact with PDGF-aR positive neurites in the
cerebral cortex. At P21, this expression spreads throughout the brain and spinal cord and
correlates well with the peak of myelination occurring at this time. In the mature CNS.
PDGF-aR mRNA and protein are not detected in oligodendrocytes but are found in very
few glial progenitors located in the cerebral cortex or the spinal cord white matter. Neural
progenitors located in the subventricular zone and the ependymal/subependymal layer ef
the olfactory ventricle are also PDGF-aR positive. The most striking observation in our
study is that mature neurones strongly express the PDGF-aR. In the forebrain, PDGF-aR
positive neurone are noted in the mitral layer of the olfactory bulb, prefrontal and
entorhinal cortex. In the cerebellum, Purkinje cells and deep nuclei neurone highly
express PDGF-aR, as well as different brainstem nuclei, e.g, the facial and vestibular
nuclei. In the spinal cord, neurones of the dorsal horn and motor neurones of the ventral
hom are also labelled. This neuronal expression is first observed around P7 and extends to
restricted central neuronal populations. The present data demonstrate a developmental^
regulated sequential expression of the PDGF-aR early in glia and later in mature central
neurones, suggesting a more extensive role for this receptor than previously described.

CLONING & EXPRESSION OF ZEBRAFISH LH-2/apterous HOMOLOGS.
T. Tsutotewa, K. Uverema. H, Okamoto*. Dept.PPysioi., KEIO univ.,
Schl. Med., Shivavo-machi 35,Shivjuku-ku Tokyo 160, Japan
LIM homeo domain travscriptiov factors play important roles iv
cell fate determivatiov durivg developmevt iv vertebrates avd
invertebrates. Drosophila . apterous(ap), a member of this family, is
ivvolved iv the establishment of dorso-ventral compartment iv wivg
imagival disc avd in identity determivatiov of specific sets of muscles
avd neurons. Recently, LH-2, a vertebrate counterpart of ap, was
cloned in rat, and shown to be expressed iv the nervous system. We
identified LH-2/ap homologs iv zebrafish and examined its
expression pattern using in situ hybridization. Two of them were
expressed in the developing eyes and diencephalon at 10hr after
fertilization, but the expression in the eyes faded by 16hr. By
28hr, their expression was restricted to many neuromere boundaries
(e.g. between thalamus and pretectum, pretectum and tectum,
midbraiv avd hindbrain) and also to every rhombomeric border in the
hindbrain. Double staining with iv situ hybridization avd an antibody
which stains most axons revealed that many early tracts of developing
zebrafish brain (POC, DVDT avd commissural tracts in rhombomere)
were formed along the regions where LH-2 mRNA was expressed.
Accumulating evidences have suggested that early neurons are bom
along the neuromere boundaries avd neuromere boundaries may
express local cues for axonal guidance. The expression pattern of
zebrafish LH-2 suggests that LH-2 may control either the expression
of such cues or the differentiation of neurons ov the borders.

697.13
RAG-1-DEPENDENT IMMUNOGLOBULIN-LIKE IMMUNOREACTIVITY
IN THE PERINATAL MURINE BRAIN. J.A.Weiner* and J.J.M.Chun. Dept,
of Pharmacology and Program in Neurosciences, Sch. of Med., Univ. of
California, San Diego, La Jolla, CA 92093-0636.
Several reports have demonstrated immunostaining of cat, mouse and rat
brains using species-specific anti-immunoglobulin-gamma (IgG) antisera.
However, the identity of the immunostained molecule remains uncertain.
Transcripts of the recombination-activating gene-1 (RAG-1), which encode one
component of the putative V(D)J recombinase required for immunoglobulin gene
rearrangements, have also been detected in the murine central nervous system.
This finding suggests that some form of DNA rearrangement may occur there.
Since IgG synthesis requires V(D)J recombination through RAG-1 expression,
we have examined mice lacking the RAG-1 gene to determine whether the
previously observed immunoglobulin-like immunoreactivity is RAG-1dependent. We have employed three different antisera in this study, two of which
recognize both heavy and light chains of mouse IgG (one containing whole
antibodies and one consisting of F(ab')2 fragments only), and one specific for the
y heavy chain. With all three antisera, we have observed immunostaining of the
marginal zone and subplate of normal perinatal mice (E16-P1) similar to that
previously reported. However, no immunostaining was apparent in the brains of
mice from two independently derived and comparably aged RAG-1 -/- strains
using any of the antisera, despite normal staining for known neuronal marker
proteins. There are two possible interpretations of these results. Neurons in the
immunostained areas may express an immunoglobulin-like molecule in a RAG1-dependent manner, which is detected by anti-IgG antisera. Alternatively,
neurons in the immunostained areas may bind or internalize serum IgG, which is
absent in the RAG-1 -/- mice. We are presently investigating these
possibilities. [We thank Drs. E. Spanopoulou and D. Baltimore for their RAG1 -/- line. Supported by the Klingenstein Fund and NSF Graduate Fellowship.]
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698.1
MORPHOMETRIC ANALYSIS OF CULTURED RAT BRAINSTEM
MOTONEURONS: INFLUENCES OF GLIAL CELLS AND
MUSLES. J.P. Temaux*. P. Portalier and M.C. Chamoin. UPR 9041
CNRS, 280 Bd Sainte-Marguerite, 13009 Marseille, France.
Rat brainstems were sampled at day embryonic 15 to 18 and
motoneurons were purified using a Nycodenz gradiant. Acetylcholine
(ACh) content in the motoneurone fraction was 14 times higher than that
detected in the glial and interneurones fraction. Purification of
motoneurons (95 to 98 %) was further demonstrated using antibodies
raised respectively against: ACh, choline acetyltransferase, Islet I and
low affinity NGF receptors. Purified motoneurons were cultured in
defined medium on glass coverslips coated with poly-L-lysine and
laminin, with or without inserts containing either glial cells and/or
myoblasts from tongue muscle. Growing motoneurons were observed
during 7 days in culture and photographed. Morphometric parameters of
30 motoneurons selected at random were determined in each case, using
a specific software. Survival of motoneurons was significantly increased
in presence of glial cells and/or myoblasts inserts and total length of
neuritic processes was significantly enhanced, with a marked effect on
axons. No change was observed about the number of primary neurites
but branching was significantly higher in the presence of a muscle
insert. This effect disappeared when motoneurones were cultured in the
presence of both glial cells and muscle inserts, suggesting a permissive
influence of glial soluble factors on neuritic motoneuron branching.

698.2
DENERVATION-INDUCED DEATH OF TERMINAL SCHWANN CELLS
IS CORRELATED WITH POOR REINNERVATION OF NEONATAL
MUSCLE. WJ. Thompson* and J.T, Trachtenberg. Department of Zoology, The
University of Texas, Austin, Texas 78712.
Denervation of neonatal rat muscles leads to apoptosis of terminal Schwann cells
(Trachtenberg, this meeting). This contrasts with the situation in adult muscles
where denervation leads to growth of Schwann cell processes from each endplate,
processes that appear to be important in guiding axons during muscle reinnervation.
In contrast to the adult, reinnervation of neonatal muscle- is reported to be deficient,
and the time period of this deficiency is roughly the time period of susceptibility of
neonatal Schwann cells to axotomy-induced death. In attempt to test the importance
of terminal Schwann cells for muscle reinnervation, we created nerve lesions in
neonatal animals that led to return of regenerating axons either before or after the
Schwann cells had died. Following crush of the nerve to soleus at its entry into the
muscle, axons regenerated prior to the disappearance of many terminal Schwann
cells. In these cases, the muscle was well reinnervated and the endplate band across
the muscle was not much altered from normal (axons formed endplates in
association with one or more terminal Schwann cells). However, in cases where
nerve lesions were made at a greater distance from the muscle, regenerating axons
arrived in the muscle after most, terminal Schwann cells had died. In these muscles,
many fewer fibers were successfully reinnervated, and the pattern of axon growth
was abnormal. Axons generally grew through the old endoneurial tubes in the old
endplate zone without branching. What few nerve terminal branches were present
were associated with a few Schwann cells with long, extended processes. Thus,
some Schwann cells are capable of migrating from the intramuscular nerves
together with the regenerating axons; however, even these junctions were deficient
in their Schwann cell composition. These results suggest that Schwann cell death
may contribute to the poor reinnervation of neonatal muscles. These results also
suggest that the persistent Schwann cells at adult junctions are important in
reinnervation.

698.3
APOPTOSIS OF SCHWANN CELLS AT THE DEVELOPING RAT
NEUROMUSCULAR JUNCTION IS REGULATED BY MOTOR NEURONS
J.T. Trachtenberg* and WJ. Thompson. Department of Zoology, The University of
Texas, Austin, Texas 78712.
Recent research from this lab has suggested that Schwann cells play critical roles
in the processes of reinnervation and terminal sprouting in skeletal muscles
Terminal Schwann cells overlying denervated endplates sprout elaborate processes
which guide regenerating motor neurons and motor nerve terminal sprouts. In light
of reports which suggest that reinnervation and terminal sprouting are deficient in
neonates. I have examined the effects of muscle denervation by sciatic nerve
resection on neonatal Schwann cells. Within 3 - 6 days of muscle denervation in rat
pups aged P0-P14,100% of terminal Schwann cells covering denervated endplates
disappear. During the third postnatal week, the percentage of denervated endplates
lacking terminal Schwann cells decreases, with no loss occurring after denervation
on P25 or later. Use of end-labeling techniques employing terminal transferase and
modified nucleotide substrates shows that the DNA of these cells fragments as they
disappear. DNA fragmentation suggests that apoptotic death underlies Schwann
cell disappearance. In muscles paralyzed with botulinum toxin, terminal Schwann
cells remain over quiescent endplates, suggesting that Schwann cell death is
regulated by neuronal rather than muscle derived trophic factors). Additionally,
following botulinum toxin induced par^^^^i^, terminal Schwann cells sprout
processes which are associated with, but advancing in front of, nerve terminal
sprouts. The results of these experiment suggest that 1) neuronal derived trophic
factors regulate Schwann cell apoptosis at developing endplates, and 2) Schwann
cell apoptosis following axonal degeneration, rather than functional deficiencies in
neonatal Schwann cells, may underlie the deficiencies in reinnervation and
sprouting in denervated neonatal muscle (Thompson, this meeting). Schwann cell
apoptosis occurs at low levels in control, innervated muscles, suggesting that
Schwann cell apoptosis may play a role in normal endplate development Current
efforts are aimed at identifying trophic factors which may rescue neonatal Schwann
cells from death following denervation.

698.4

698.5

A RETINOTOPIC ANALYSIS OF THE DYNAMICS OF REGENERATING
ARBORS IN LIVING ADULT GOLDFISH F, AJohnson* and R.L. Mever Dev.
Biol. Center, University of California, Irvine, Irvine CA 92717
The formation of correct connections is crucial to the proper functioning of the
nervous system. In the retinotectal system in goldfish, the initial projection is only
roughly retinotopic and is progressively refined during regeneration such that
ectopic synapses are eliminated in favor of retinotopic ones. This process is thought
to depend on activity. In order to study the dynamics of this restructuring we
labelled axons from a small area of retina and observed the arbors in living fish.
Retinal aribors were labelled by a small injection of a fluorescent lipophilic
neuronal tracer, Dil, into the retina of goldfish during the period of activitydependent refinement, thirty to sixty days after an optic nerve crush. Five to seven
days later, the tectum was exposed and 'the labelled arbors were observed with a
cooled CCD camera. Images of the arbors were collected over five to eight hours
to determine if the arbors had elongated or retracted in that time. Some
regenerating and all normal arbors were stable in this time period, indicating that
visualizing the arbors does not damage them. Many of the regenerating arbors
observed exhibited some form of plasticity. Regenerating axon endings in tectal
areas that had many other labelled endings, i.e. axons from cells in the same small
area of retina, could be seen to grow or retract by small amoirnts-10-20 pm. In
contrast large retractions were observed when axons were separated from their
retinotopic cohorts. Branches became filled with many large varicosities over the
course of a few hours, then retracted 20-100 pm. In some cases axons seem to lose
more than one branch in the same area. This suggests that axons can eliminate
large portions of an arbor in a short time, and this may be more likely to occur in
retinotopically inappropriate areas.
Supported by EY6746 and NIH Training Grant 5T32HD07029-20
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INFLUENCE OF THE AXON ON PRESYNAPTIC REGENERATION BY ADULT SENSORY
NEURONS IN VITRO. M. Nachman-Clewner1 and E. Townes-Anderson2*. 1Cornell Univ. Med .
Coll., New York, NY 10021, and 2Dept. of Neurosciences, Univ. of Med. and Dentist, of NJ,
Newark, NJ 07103.
Regeneration of neurites and presynaptic varicosities by cultured rod photoreceptors from
the adult tiger salamander retina has recently been demonstrated. Quantitative variability in
this regenerative response prompted us to investigate whether axonal lesion due to retinal
disruption might promote process outgrowth and varicosity formation by these neurons. Cells
were maintained in vitro as described (MacLeish and Townes-Anderson, 1988). Using Nomarski
optics and time-lapse video microscopy, pairs of acutely isolated rod photoreceptors, in which
one cell had lost and the other retained its original axon terminal, were selected and followed
for 24h to 48h in culture. Cells were analyzed morphologically and immunocytochemically,
utilizing antibodies to synaptic vesicle protein 2 (SV2) or synaptophysin (p38) to identify
presynaptic sites, and to rod-specific opsin (4D2) to distinguish rod photoreceptors.
Surprisingly, rod cells with an intact axon regenerated, on average, twice as many processes
and five times as many presynaptic varicosities per ceil as axotomized neurons. Axon retraction
and elaboration of an axonal lamellipodium occurred by 24h in vitro in 75% of rod cells with a
terminal upon plating, and varicosity bearing neurites developed from lamellipodial filopodia by
48h. Synaptic vesicle redistribution from terminal to lamellipodium to varicosities closely
parallelled structural reorganization of the axon. By comparison, cells whose axon was lesioned
exhibited virtually no synaptic vesicle immunoreactivity during early regenerative stages. As
evidence for de novo protein synthesis, neurons were examined for colocalization of synaptic
proteins with rab 6, a Golgi marker, in 0.5 gm optical sections by confocal microscopy. Initial
formation of vesicle-filled varicosities preceded SV2/rab 6 colocalization. SV2 staining did
not appear in the Golgi of cells with or without an axon until 2d to 7d in vitro. In contrast, rab 6
colocalized with opsin, a protein constitutively expressed throughout regeneration, even at 2h
in vitro. Collectively, the data point to a positive role for the axon and suggest that SV protein
synthesis is not a prerequisite for presynaptic regeneration. We propose a model in which
regenerating neurons reutilize preexisting axonal components to expedite synaptic renewal as
part of an early response to denervation. Supported by NIH Grant EY06135.

698.6
STUDIES OF PHOTORECEPTOR AXONS REGENERATING IN VITRO FROM
DROSOPHILA EYE DISCS. Chingiu Li*. X-L Sun and I.A. Meinertzhagen. Life
Sciences Centre, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1.
Cells in the developing nervous system exhibit various signs of plasticity. We have
used a primary culture system to study die development of the adult visual system in
Drosophila. We have previously reported neurite extension from photoreceptors and
endocrine regulation of eye disc differentiation in vitro. Here we report that newly
differentiated photoreceptors in early pupae exhibit considerable plasticity, insofar as
most extending neurites observed in culture have regenerated from severed photoreceptor
axons. We used eye-imagi-nal discs from flies 5h after pupariation (P+5) in our cultures.
Eye discs were cut into small fragments and dissociated by light enzymatic treatment
with 0.05% trypsin for 15 mins. This partially dissociated the fragments, exposing the
stumps of severed photoreceptor axons. These stumps initially floated in die culture
medium. Their co U bodies were located in the disc fragment proper that adhered to the
culture vessel. A few hours alter culture initiation, the stumps attached to the substrate
and started to elongate. Growth cones woe frequently seen at the terminals of these
regenerating axons. Punctate immunoreactivity to synaptotagmin, a synaptic vesicle
protein, was detected along the neurites. Although the expression of synaptotagmin did
not require eedysone, the presence of this hormone caused more immunoreactive spots to
appear along the length of the neurite. Growth cones were often foci of synaptotagmin
immunoreactivity. Synapse formation occurs after photoreceptor axon growth cones
collapse, in vivo. In vitro, the presence of synaptotagmin at growth cones implies the
formation of vesicles. This suggests the presence of transmitter at growth cones, and
immunoreactivity to histamine (HA, die photoreceptor transmitter) is indeed detected at
the growth cone. It is possible that HA is released from growth cones and autoregulates
neurite outgrowth. The effects of HA on neurite outgrowth will be presented. Wo also
studied die ultrastructure of photoreceptor neurites in 5-d co-cultures of eye-disc fragments
and optic lobe cells from early pupae. Junctions with a widened intercellular cleft, with
synaptic vesicles, but lacking clear presynaptic ribbons, differentiate in the cultures.
These observations suggest that severed photoreceptors are not only able to regenerate,
but may also release transmitter in vitro. Supported by NIH grant (EY-03592).
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698.8

SCHWANN CELL-COATED CARBON FILAMENTS AS STIMULATORS
OF CNS AXONAL REGROWTH. S. Savers*. T. Khan. K. Klein. G. DeVries. L..
Liu. Rehab. R&D Center, Hines VA Hospital, Hines, IL 60141 and Dept, of
Biochemistry, Medical College of Virginia, MCV Station Box 614, Richmond, VA
23298.
Regrowth of axons in the CNS occurs to a limited extent due to the nature of the
environment. We have previously utilized small diameter (5p.m) carbon filaments
(Amoco Thomel ™) as an adjuvant to stimulate direct regrowth of transected axons
in the CNS. We co-cultured Schwann cells (SC) with carbon filaments in the absence
and presence of 14 day old rat fetal spinal cord tissue. We utilized a Human cell line
(NF-1T) derived from a malignant soft tissue sarcoma from a patient diagnosed with
neurofibromatosis.. These cells showed the expected immunoreactivity to antigens
known to be present on SC. In culture, these cells demonstrated the typical spindle
spaced bipolar morphology and aligned themselves in fascicles.
Co-culture of NF-1T cells with dorsal root ganglion (DRG) neurites
demonstrated that the NF-1T cells preferred the neuritic surface rather than the
surface of other NF-1T cells. The ability of NF-1T cells to promote axonal
outgrowth in vitro, together with the expression of markers known to be associated
with SC, made them promising candidates for interacting with carbon filaments to
further promote CNS axonal regrowth.
Scanning electron microscopy revealed that the NF-1T cells interacted with the
surface of the carbon filaments aligning themselves with their long axis parallel to
the long axis of the carbon filaments. The surface of the NF-1T cells was covered
with numerous filopodia which appeared to aid in the stabilization of these cells on
the carbon filaments. The presence of SC in the co-culture induced extensive neuritic
outgrowth from the explants. Experiments to define the optimal ratio of NF-1T cells
to carbon filaments are in progress. These experiments are designed to manipulate
the NF-lT-carbon filament culture conditions so that the majority of the surface of
the carbon filaments will be completely covered with NF-1T cells. In turn, these SC
coated filaments should act as an effective stimulator of axonal regrowth in vivo.
Supported by NS 15408 (GHDV) and Rehabilitation R&D Service, DVA.

RE-EVALUATION OF THE GROWTH PERMISSIVE SUBSTRATE
PROPERTIES OF GOLDFISH OPTIC NERVE MYELIN
D. Lang1*. M. Wanner! C. Bandtlow2. M.E. Schwab2. M, Bastmever1 and C.A.O.
Stuermer1, 1 Faculty of Biology, University of Konstanz, 78434 Konstanz, Germany;
2 Institute for Brain Research, University of Zurich, 8029 Zurich, Switzerland
Success of axonal regeneration in the goldfish optic nerve was previously found
to correlate with the growth permissive substrate properties of fish CNS myelin. To
determine if fish optic nerve myelin carries neurite growth inhibiting activities which
would be neutralized by monoclonal antibody (Mab) IN-1 against mammalian
neurite growth inhibitors (NI) (Caroni and Schwab, 1988), three sets of experiments
with established methods were performed, (i) When fish optic nerve myelin was used
as a substrate, both fish retinal ganglion cell (RGC) and rat DRG axons extended to
considerable density and length. The presence of Mab IN-1 did not improve this
growth, but unexpectedly Mabs 0)4 and 01 employed as "controls" reduced fish but
not DRG axon outgrowth significantly, (ii) Axon growth on fish optic nerve myelin
was quantified with IN-1 present in the medium and in assays in which myelin was
preincubated with IN-1. In both, IN-1 had no effect on axon number or length.
However, the same experiments with rat CNS myelin resulted in a marked rise of
axon numbers and length with IN-1 as opposed to untreated myelin which hardly
allowed any growth, (iii) Liposomes with incorporated CHAPS-exlracted fish optic
nerve myelin proteins were added to fish and DRG growth cones. One fraction was
preincubated with IN-1 before use. 77% of fish and 89% of rat DRG axons continued
to grow when contacted by the liposomes, and 80% of fish axons kept growing with
IN-1 treated liposomes. Liposomes with CHAPS-extracted bovine CNS myelin
proteins, however, induced collapse of 73% fish growth cones.
Thus, fish RGCs are sensitive to mammalian NI, but mammalian-like NI
activities, which would be neutralized by IN-1, were not detectable in fish optic
nerve myelin.
Supported by DFG-SFB 156 TP C6 to C.A.O.S.

698.9

698.10

DEVELOPMENTAL CONTROL OF RETINAL BIPOLAR CELL
ARBORIZATION AND STRATIFICATION FOLLOWING INDUCED
RETINAL ENLARGEMENT. J.C. Crowlev. M, Xiong. B.D, Rubin, and B.L.
Finlav*. Developmental Neuroscience Group, Cornell Univ., Ithaca, NY 14853.
Connectivity in the retina is established by either general or cell specific rules.
The maintenance of correct dendritic and axonal arbor size plays a critical role in
the maintenance of convergence ratios within the retina, which are responsible for
the retina's balance between acuity and sensitivity. Previous work in this lab has
described the relevant environmental factors that control the development of retinal
ganglion cell arbors to be retinal ganglion cell density and the density of
presynaptic input available to the cell. We manipulated retinal cell density in an
effort to determine the effect of cell density on the production of bipolar axonal and
dendritic arbors.
This study used visual form deprivation to experimentally enlarge the eye in the
chick. Visual form deprivation induces ocular enlargement, producing a larger than
normal retinal area and a reduction in RGC density of 20-30%. Ocular enlargement
produced bipolar cells whose somas are 11.8% larger, whose axonal arbors are
36.8% larger, and whose axonal process had fewer stratifications. The number of
IPL stratifications was also found to • be inversely related to the total arbor size.
Center - periphery effects were also observed. Peripheral axonal arbor size
increased 20.0%, an effect that was strongest in the experimental retina. The total
length of the bipolar's dendritic process was also increased in the periphery, and a
positive correlation was found between OPL and IPL arbor diameter.
These results are consistent with the results found previously for the RGC
population of the chick; in both cases IPL arbors increase their coverage to fill the
space made available by the retinal enlargement. The relationship between arbor
size and number of stratifications suggests that in eye enlargement, growth is
stimulated to such an extent that a physiological limit for either growth rate or cell
size is reached and retinal coverage is conserved at the expense of IPL
stratifications. In this way multistrata processing is subordinated to the
maintenance of processing capability.
Supported by NIH ROl NS 19245.

DEVELOPMENTAL CONTROL OF DOPAMINERGIC AMACRINE CELL
ARBORIZATION FOLLOWING PARTIAL OPTIC NERVE SECTION. M,
Xiong*. J. C. Crowlev. D. Troilo. M. Kelly, and B.L. Finlav. Developmental
Neuroscience Group, Cornell Univ., Ithaca, NY 14853.
Regulation of survival and connectivity of widely branching, diffusely
connected interneurons is an interesting and special case of afferent-target
matching in the nervous system. Previously, visual form deprivation and optic
nerve section were employed to study factors controlling arborization of retinal
ganglion cells (RGC). Visual form deprivation induces ocular enlargement and
retinal expansion. Partial optic nerve section causes degeneration of a portion of
RGCs. We have reported that the growth of RGC arbor is limited in low RGC
density region and branch density is increased, indicating a role of cell density
and presynaptic availability in shaping RGC dendritic arbors. We adopted the
same experimental paradigm to study the dopaminergic amacrine cell. Teakle et
al (1993) have found that the size of dopaminergic arbors grows proportionately
in expanded retinas to maintain their coverage. In this study, we examine
arborization of the dopaminergic amacrine cell following partial optic nerve
section.
Partial optic nerve section was performed in newly hatched chicks. Tyrosine
hydroxylase immunohistochemistry was conducted on retinal wholemounts in
four week old chicks. In RGC depleted retinas, cell density of dopaminergic cells
remains constant and has a central to peripheral difference as in control retinas,
that is, cell density becomes less dense towards the periphery. Soma size and
dendritic arbor area are not changed. In contrast, mean branch length is increased,
which corresponds to a decrease in branch number in higher order branches and
no change in total arbor length.
We conclude that dopaminergic amacrine cells do not die or change their
neurotransmitter complement following early RGC depletion. Also, a change in
RGC contribution to the IPL to fewer, denser RGC arbors causes a reduction of
the dopaminergic cell branching while coverage of retinal area is maintained.
(Supported by R01-NS 19245 & T32-MH19389)

698.11

698.12

ULTRASTRUCTURAL
CHARACTERISTICS OF SEPTOHIPPOCAMPAL
AXONS SURVIVING TRANSECTION G. M. Peterson*. Dept Anatomy & Cell
Biology, East Carolina Univ Sch Med, Greenville, NC 27858.
We have previously shown that some of the cell bodies of septohippocampal
neurons survive for weeks to months following transection of their axons.
Additionally, we have shown that some of their axons also survive for weeks to
months without signs of retraction. The purpose of the present study was to
examine the ultrastructure of these putative surviving, axotomized axons. Bilateral
aspirative lesions of the fimbria-fornix were made mid-way between the medial
septum (MS) and septal pole of the hippocampus in adult female Sprague-Dawley
rats. One week later an iontophoretic injection of PHA-L was placed into the MS.
Following an additional week, the animals were killed and brain sections were cut
on a vibratome. Sections through the septal area and the region of the lesion were
immunocytochemically stained for p HA-L using DAB as the chromogen.

RE-EXPRESSION OF THE DEVELOPMENTALLY REGULATED PROTEIN
FAC1 IN DENTATE GYRUS FOLLOWING ENTORHINAL CORTEX LESION
S. D.StyrerT, R.Bowser, G.C. Stvren, M.E. O’Malley and S.T. DeKosky
Depts. sf Psychiatry, Neuropathology, . Neurology, and Neursbislogy
Western Psychiatric Inst. & Clinic and Unie. of Pittsburgh Sch. of Med.
Pittsburgh, PA 15213
FAC1 is a novel developmental^ regulated protein present in neuronal
cytoplasm during brain development. In mature animals cellular localization
shifts to neuronal nuclei and cytoplasmic expression is lost. FAC1 has been
shown to be re-expressed in neurodegenerative disease and is localized to
both neuronal cytoplasm and a subset of neuritic plaques in Alzheimer’s
disease. To further analyze the role of this protein during neuronal injury, we
denervated the rat hippocampal dentate gyrus molecular layer (ML) by
entorhinal cortex (ERC) lesion and assessed FAC1 distribution with two
monoclonal antibodies directed against distinct FAC1 epitopes. FAC1
staining was absent from the ML in unlesioned animals. By 2 days post ERC
lesion there was intense FAC1 immunoreactivity spanning the denervated
outer ML; the inner ML remained unstained. We examined additional animals
at 6, 15 and 30 days post lesion, during which time commissural and
associational (C/A) afferents from inner ML are known to sprout partway into
the denervated zone. FAC1 staining continued to be localized to the outer
ML at each time point, but appeared to recede from the interface of inner ML
trans-laminar expansion. We previously demonstrated rapid re-expression of
the embryonic form of neural cell adhesion molecule (eN-CAM) in the
dTnervatTd outer two thirds of the molecular layer following ERC lesion.
FAC1 expression, following ERC lesion, is both spatially and temporally
analogous to t N-CAM expression and closely follows the time course of
reactive synaptogenesis and axonal sprouting. Re-expression of FAC1 in
denervated dentate ML suggests a role for this developmental protein in
CNS response to injury.

Hippocampal sections were histochemically stained for AChE as an indicator of the
extent of septal cholinergic denervation. PHA-L stained sections were osmicated,
stained with uranyl acetate and phosphotungstic acid, flat embedded in Epon, and
photographed at the light microscopic level. Regions containing labeled axons were
then selected, trimmed, thin sectioned, and mounted on mesh grids. Sections were
examined in a JEOL 1200EX electron microscope. Labeled axons showed the
granular appearance characteristic of DAB and were unmyelinated. Many of the
surrounding unlabeled axons were myelinated. Due to the granular DAB labeling,
it was difficult to identify the smaller axonal constituents, but mitochondria were
present, often in pairs. Labeled axons had a diameter of 0.7 to 1 /xm and were
unbranched. Growth cones were not observed. Neither the labeled nor the
unlabeled axons showed obvious signs of degeneration. It is concluded that a
portion of septohippocampal axons survive at least two weeks after axotomy and
that their ultrastructure is relatively normal.
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698.13
NEW AXONAL GROWTH IN THE DEAFFERENTATED MEDIAL
HABENULA OF ADULT RATS. J.A Wilson* and M.D. Kawaja.
Department of Anatomy and Cell Biology, Queen’s University,
Kingston, Ontario, CANADA K7L 3N6.
In the normal adult rat brain, the posterior septal nuclei project
ipsilaterally through the stria medullari (sm) to provide a dense
innervation of calretinin-immunoreactive axons to the cholinergic
neurons of the medial habenula (MHb). In this study, we investigated
the plasticity of the septo-habenular projection, one and four weeks
after unilateral MHb deafferentation. At one week, there is a complete
loss of calretinin-positive fibers throughout the entire rostro-caudal
extent of the ipsilateral MHb; the contralateral MHb remains unchanged
from controls. At four weeks, however, calretinin-positive axons and
clusters of terminals are again evident in the ipsilateral MHb, yet
confined to the caudal-most portion of the nucleus. Immunostaining
for neurofilament-200 and GAP-43 also reveals a higher density of
reactive fibers in the caudal, as compared to rostral, aspect of the
ipsilateral MHb. Following injections of biotinylated dextran amine
into the ipsilateral MHb at 4 weeks after unilateral deafferentation,
labelled axons are evident in the habenular commissure and contralateral
sm, as well as labelled somata in the contralateral posterior septum. In
those animals with bilateral lesions of the sm, there are no calretininpositive fibers found within either MHb after 4 weeks. These data
reveal a remarkable degree of plasticity among septal inputs to the adult
MHb following unilateral deafferentation. We propose that the new
calretinin-positive fibers found in the deafferentated MHb arise from
neurons in the contralateral septum which project through the intact sm
and into the habenular commissure. (Supported by Queen’s Univ.)

STRIATAL TARGET NEURONS INCREASE AXONAL BRANCHING OF
DOPAMINERGIC MESENCEPHALIC NEURONS IN CULTURE.
M.ManierU C. Chattel lard*. P. MouchetU J.P. Herman^ and C. Feuerstein! *.
1. INSERM-LAPSEN U318, 38043 Grenoble; 2. UMR CNRS 9941, 13916
Marseille, France.
Target striatai ceiis were shown to increase some biochemical aspects of
the development of dopaminergic (DA) mesencephalic neurons in culture. In the
present study, we attempted to define which aspects of DA neurons development
is typically influenced by striatal neurons. Embryonic DA neurons of rat
mesencephalon were cocultured in presence of neurons derived from either target
striatal or non target cerebellar tissue. After 4 days of dissociated culture in a
chemically defined, serum-free medium, two aspects of the development of DA
neurons were studied: (1) morphological , the morphometric analysis of DA
neurons outgrowth after tyrosine hydroxylase (TH) immunohistochemistry (2)
biochemical, the quantitative analysis of intracellular TH contents after Western
blot analysis and after densitometry of TH immunolabeling in individual cells.
The total length and particularly the complexity of TH+ neurites (number
of branching points) were dramatically increased when DA neurons were
cocultured in presence of striatal cells but not cerebellar ones. To define what
type of neurites was concerned, TH immunofluorescence was coupled with that
of specific markers of either dendritic (MAP2) or axonal (phosphorylated
neurofilament) compartment. It was thus shown that the presence of striatal
neurons induced highly branched axones, without changes of the dendritic
arborization. Due to the culture conditions (serum-free medium), the target
striatal neurons themselves and not striatal glia were accountable for this peculiar
effect on the axonal outgrowth of DA mesencephalic neurons. Conversely, the
increase in intracellular TH contents in DA neurons observed in parallel,
appeared to be influenced to the same extent by the presence of either target or
non target neurons.

698.15
SYNAPTIC REORGANIZATION IN RAT HIPPOCAMPAL
FORMATION FOLLOWING DORSAL SEPTOHIPPOCAMPAL LESION.
H.Hong. D.Kim I. Lee, T.Iung and S. Inagaki* Dept, of Anatomy,
Sch. of Med. Ulsan Univ. Seoul, Korea; *Lab. Sciences, Sch. of
Allied Health Sci. Osaka Univ. Faculty of Med. Osaka, Japan.
Synaptic reorganization in rat hippocampal formation
following dorsal septohippocampal pathway lesion were
determined by employing immunohistochemical method with
the antibody specific to growth associated protein(GAP-43) .
Within the 1st week, there was a significant decrease in the
GAP-43 immunoreactivity(IR) in the supragranular layer of
dentate gyrus and stratum lacunosum moleculare of the CA1
field. Between 2 and 3 weeks after lesioning, levels of the GAP43 IR were found to increase markedly in the inner molecular
layer of the dentate gyrus, coincident with the time at which
commissural-associational fibers sprout axon collaterals into
dendritic portions denervted by the lesion. In the stratum
lacunosum moleculare, GAP-43 IR was recovered at 1 and 2
weeks later, presumably due to the sprouting of other inputs.
GAP-43 levels in the ipsilateral supragranular layer after the
lesion of septohippocampal pathway did not return for 12
weeks, suggesting that ipsilateral supragrnular layer did not
receive terminal fibers via any other routes after dorsal
septohippocampal path lesion. In contrast to the ipsilateral
side, level of GAP-43 IR in the supragranular layer
contralateral to the lesion increased during times of terminal
axon sprouting, interestingly.

698.16
VASOPRESSIN mRNA LEVELS AND CYTOCHROME OXIDASE ACTIVITY IN
THE HYPOTHALAMO-NEUROHYPOPHYSIAL SYSTEM DURING AXONAL
SPROUTING: EFFECTS OF HYPONATREMIA. C.W. Moffett*. J.P. Herman1 and
C.M. Paden. Dept. of Biology and WAMI Medical Program, Montana State Univ.,
Bozeman, MT 59717 and ‘Dept, of Anatomy and Neurobiology, Univ. of Kentucky
Medical Center, Lexington KY 40536.
We have previously shown that uninjured magnocellular neurons on one side of the
rat hypothalamus will grow significant numbers of new axon terminals in the neural
lobe (NL) following destruction of the contralateral projection to the NL from the
paraventricular and supraoptic (SO) nuclei (Watt and Paden, Exp. Neurol. 111, 9,
’91). This robust collateral sprouting response is accompanied by an increase in urine
osmolality, suggesting that magnocellular neurons are hyperactive while axonal
sprouting is occurring. To test this hypothesis we are measuring (1) vasopressin
mRNA levels in the sprouting SO by in situ hybridization and (2) cytochrome oxidase
activity in both the sprouting SO and NL terminal field by histochemistry. In order
to determine if alterations in neuronal activity will affect the sprouting response, we
are also investigating the effects of reducing neurosecretory activity through chronic
hyponatremia (Verbalis and Drutarosky, Kidney Ita. 34, 351, ’88). Results obtained
to date indicate that vasopressin mRNA levels in the intact (sprouting) SO are
significantly increased at 7 days after a contralateral hypothalamic lesion. This
increase is blocked by prior induction of chronic hyponatremia, which also results in
a reduction of cytochrome oxidase activity in the NL. These initial findings support
the hypothesis that an increase in neurosecretory activity occurs during the initial
period of axonal sprouting. Analysis of sections from animals sacrificed during the
peak of the sprouting response at 28 days post-lesion is in progress, and should aid
in determining the relationship between neuronal activity and collateral sprouting.
Supported by NINDS NS32507 to CMP.

698.14

698.17

698.18

AXONAL SPROUTING IN THE HIPPOCAMPAL DENTATE
GYRUS IN NCAM DEFICIENT MICE. I.M. Fugaccia and S.W.
Scheff*. Sanders-Brown Center on Aging, University of Kentucky,
Lexington, KY 40536.
The hippocampal dentate gyrus has been used extensively to study
plasticity in the CNS. Following partial denervation of the granule cells, a
morphological change occurs among the residual afferents innovating the
dentate molecular layer. One aspect of this change is the growth of the
commissural/associational (C/A) fibers following removal of the ipsilateral
entorhinal cortex (EC). Neural cell adhesion molecules (NCAM) play a
central role in the developing nervous system where they influence axonal
growth, guidance and synapse formation. They have been implicated in
peripheral nervous system regeneration. Little is known of their role in
axonal sprouting in the adult CNS.
NCAM deficient mice generated by gene targeting were compared to
normal mice for their ability to support reactive outgrowth of the C/A
fibers. Mutant and normal mice were subjected to a unilateral removal of
the EC and allowed to survive for 15 days following surgery. The
hippocampus was then processed for light microscopy and stained for
AChE histochemistry to assess changes in the septohippocampal afferents
as well as with the Holmes fiber method to assess changes in the C/A
fiber plexus.
Both normal and NCAM deficient mice displayed intensified AChE
staining in the outer molecular layer indicative of septohippocampal
sprouting. Analysis of the outgrowth of the C/A fibers revealed robust
axonal growth and no significant difference between the two groups was
observed. These results indicate that although NCAM may play an
important role in brain plasticity when present, it is not necessary for all
CNS self-repair. Supported by AG05144

RAPID INDUCTION OF AXONAL GROWTH AND F1/GAP43 PROTEIN IN
THE HIPPOCAMPAL MOSSY FIBERS OF THE ADULT RAT, I. Cantallops, J.
Modal*1 and A. Routtenberg. Cresap Neuroscience Laboratory, Northwestern
University, Evanston, IL 60208; 1 Chicago Inst Neurosurg., Chicago, IL 60614.
Granule cells in the adult rat hippocampus do not normally express axonal
growth- and plasticity-associated protein F1/GAP43 (a.k.a. B-50 or neuromodulin).
Hypersynchronous activity in limbic circuits and behavioral seizures caused by 10
mg/kg (sc) kainic acid (KA) are followed by induced expression of F1/GAP43
mRNA in granule cells. Subsequently, the axons of granule cells, the mossy fibers,
show dramatic sprouting. We demonstrate here that this sprouting can be detected in
temporal hippocampus within 2 days. By combining the study of F1/GAP43
immunoreactivity and mossy fiber sprouting in the same animal, adult axonal
growth is linked to protein F1/GAP43 expression
F1/GAP43 mRNA expression in granule cells in the temporal, but not septal,
hippocampus was induced beginning at 12 hr after KA treatmnt This is preceeded
by alteration in E-box transcription factor binding. Beginning 2 days after KA,
mossy fiber sprouts were observed in the supragranular layer of the temporal, but not
septal, hippocampus. An apparent increase in levels of protein F1/GAP43
immunoreaetivity in the supragranular layer was observed at this same 2 day time
point and ventral hippocampal location. F1/GAP43 protein levels and mossy fiber
sprouting showed an increase up to 10 days after KA. Sprouting was at a maximum
at 40 days, the longest time point studied.
The rapid onset of axonal growth in the adult rat is striking and occurs earlier than
reported previously (2 days vs. 12 days). The time course of molecular events
observed in this study is similar to that observed during axonal regeneration with
one critical difference: granule cell axons do not appear to be damaged by kainate.
(Supported by “La Caixa” Fellowship (Spain) to I.C. and MH25281-21 to A.R.).
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698.19
SEIZURES INDUCE THE EXPRESSION OF TENASCIN-C mRNA
AND PROTEIN BY NEURONAL AND GLIAL CELLS. T, Niquet, L.
Ferhat, N. Chevassus. M. Khrestchatiskv Y. Ben-Ari and AjRepiesa*
Universite Ren6 Descartes (Paris VI). INSERM U29, 123 Bd. Port Royal
75014 Paris (France).
Temporal lobe epilepsy is associated with neuronal death,
gliosis and sprouting of mossy fibers (i.e. the axons of dentate granule
cells) in the hippocampus of human and rats. This has been well
analyzed in the model induced by kainate injection (see Represa et al.
'95 J. Neurobiol. 26,413 for a review).
In the present study we show that immunoreactivity and mRNA
hybridization of tenascin-C (an extracellular matrix glycoprotein with
repulsive properties) increase in the hippocampus of rats treated with
kainate. The increase of tenascin-C was particularly striking in
Ammon's horn, where tenascin-C probes and antibodies labelled
reactive astrocytes. Tenascin mRNA expression was also induced in
granule cells and protein immunoreactivity appeared in plasma
membranes of their axons, the mossy fibers. Tenascin-C
immunoreactivity remained unchanged in the molecular layer of
epileptic rats.
It is interesting that increased tenascin-C immunoreactivity
was observed within zones in which axonal regeneration does not occur
(the CA3 area in kainate treated animals) whereas zones in which
reactive synaptogenesis occurs (the molecular layer) were devoid of
tenascin-C immunoreactivity. We may infer from these results that
tenascin-C impedes the terminal sprouting of mossy fibers in CA3 of
kainate-treated rats.

WEDNESDAY PM

698.20
ROLE OF HIPPOCAMPAL COMMISSURE AND HILAR CELLS IN KAINIC
ACID-INDUCED MOSSY FIBER SPROUTING D. L. Fairbrother. D. Terrian*.
and G. M. Peterson. Dept Anatomy & Cell Biology, East Carolina Univ Sch Med,
Greenville, NC 27858.
Aberrant sprouting of mossy fibers (MF), which are the axons of dentate gyrus
granule cells, occurs in epilepsy and can be experimentally induced by
intraventricular injections of kainic acid (KA). It has been reported that MF
sprouting occurs more rapidly after bilateral KA than after unilateral KA. A
possible explanation for this difference is that commissural afferents from the
contralateral dentate gyrus sprout and compete with the ipsilateral mossy fibers,
thereby retarding their sprouting. To investigate the role of the commissural
afferents in mossy fiber sprouting, rats were divided into three treatment groups:
unilateral KA, bilateral KA, and unilateral KA with severance of the hippocampal
commissure. Animals from each group were killed at 2, 3, and 4 weeks after
treatment and brain sections were prepared (Timm and Nissl) and analyzed to
determine the extent of mossy fiber sprouting and cell loss within the
hippocampus. Animals which received either bilateral KA or unilateral KA
together with transection of the hippocampal commissure exhibited more rapid
and dramatic mossy fiber sprouting than did the animals which received only
unilateral KA. These data provide indirect support for the hypothesis that
sprouting by commissural afferents retards simultaneously sprouting mossy fibers.
Additionally, we found a positive correlation between the degree of mossy fiber
sprouting and neuronal loss in the hippocampus. Correlation was found only with
hilar cells and was highest in the most ventral region of the dentate gyrus. A
possible interpretation of this result is that loss of hilar neurons is specifically
involved in the induction of mossy fiber sprouting. Together, these two
observations elucidate some of the factors contributing to mossy fiber sprouting.
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699.1
THE CONTINUOUS PRESENCE OF NERVE GROWTH
FACTOR IS NOT NECESSARY TO PROMOTE NEURITE
OUTGROWTH IN CHICK EMBRYONIC SENSORY
GANGLIA. S. Mehta1. L. Hsu2* and K. Y. Chen1. ‘Dept. of
Chemistry, Rutgers Univ., New Brunswick, NJ 08906 and 2Dept.
of Biology, Seton Hall Univ., S. Orange, NJ 07079.
Previously, we have shown that a brief exposure to the phorbol
ester 12-O-tetradecanoylphorbol-13-acetate (TPA) for 30 min was
sufficient to elicit intense neurite outgrowth in embryonic ganglia
explants (Mehta et al., 1993, J. Neurochem., 60:972-981). We
now report that addition of 50 ng/ml of Nerve Growth Factor
(NGF) to serum-free growth medium for 30 min was also capable
of promoting neurite outgrowth from 10 day old embryonic
sensory ganglia explants. Unlike treatment with TPA, NGFstimulated neurite outgrowth was not correlated with an increase
in the phosphorylation of . the 66-kDa substrate of protein kinase
C. While the e ombined treatment o f g anglia e xplants with bi NF
and the PKC-inhibitor staurosporine for the entire 48 hrs blocked
neurite outgrowth, a cotreatment of both reagents for the critical
30 min period did not inhibit process outgrowth. The suppression
of NGF-stimulated but not dibutyryl cAMP-mediated neurite
outgrowth by staurosporine suggests the involvement of PKC but
not PKA in neurite outgrowth beyond the initial 30 min period.

699.2
A NOVEL NEURITE OUTGROWTH PROMOTING
FACTOR SPECIFIC TO EMBRYONIC TELENCEPHALIC
NEURONS H.Nishimune*,A.Uveda,M.Nogawa,T.Taguchi+
Lab. of Mol. Biol.,Fac. of Eng.Sci., Osaka Univ., Toyonaka 560,
Japan, + Osaka Nat’l. Res. Inst. AIST, Ikeda 563, Japan
A novel neurite outgrowth promoting facto^NPF) has
been cloned from cDNA library of denervated chick muscle.
Neurite promoting activity of the recombinant musclederived NPF(mNPF) was found to be specific to telencephalic
neurons in dissociated primary culture of embryonic chick
brain neurons. This activity coincides with that of a musclederived factor in our previous report. The size of mNPF
mRNA is 3.7kB and tne expression of mNPF in skeletal
muscle was revealed to be up-regulated by denervation. The
sizes of an expressed protein is 115kD. The deduced amino
acid sequence of NPF indicates a highly hydrophilic property
but no consensus sequence of trophic factors nor cell
adhesion molecules exists. We further analyzed to search for
any homologue in the telencephalon and obtained a
clone(tNPF) with high homology with mNPF. The
expression of tNPF peaks at around embryonic day 10 which
is known to be a time just before synaptogenesis. The NPF
does not exhibit high homology with previously known
target-derived diffusible factors such as neurotrophic factors
nor components of extracellular matrix such as laminin.

699.3

699.4

ANGIOTENSIN(3-8) [ANG IV], INHIBITS NEURITE OUT-GROWTH FROM
CULTURED CHICK SYMPATHETIC GANGLIA. I. Moeller. TXH.Small,
\j.R<ed. J.W.Harding. S.Y.Chai and F.A.O.Mendelsohn*.
University of
Melbourne, Department of Medicine, Austin & Repatriation Medical Centre,
Heidelberg 3084, 'Department of Pathology, University of Melbourne, Parkville
3052, Victoria, Australia, department of VCAPP, Washington State University,
Pullman, WA, ' U.S.A.
Angiotensin (3-8), [Ang IV], a metabolite of angiotensin II, (Ang II), has
been associated with increasing memory retrieval and dilating pial arterioles.
Binding sites for Ang IV, which occur throughout the guinea pig, monkey
and sheep brain, are abundantly localized in components of the autonomic
nervous system:- the nucleus ambiguus, dorsal motor nucleus of the vagus and
the rostral ventrolateral medulla, whilst in the sheep spinal cord, binding sites are
present in the sympathetic preganglionic neurons.
In the present study, lnM-100|iM Ang IV, inhibited neurite outgrowth from
cultured El 1 chick prevertebral sympathetic ganglia, by 20-30%. The lOnM Ang
IV effect was totally inhibited by lpM of the Ang IV analogues, WSU 4042,

NEUROIMMUNOPHILIN LIGANDS ARE NEUROTROPHIC FOR PC 12
CELLS AND SENSORY NEURONAL CULTURES. J. P. Steiner*1* T. M.
Dawson*. M. A. Connolly1, G. S. Hamilton! P. D. Suzdak' and S. H. Snyder*.
Departments of Neurobiology and Medicinal Chemistry, Guilford
Pharmaceuticals1 and Departments of Neurology and Neuroscience*, The
Johns Hopkins University School of Medicine, Baltimore MD21224
The immunosuppressant drug FK506 acts by binding to receptor proteins
called FKBPs, which in turn can bind to and regulate a calcium/calmodulindependent protein phosphatase, calcineurin, and intracellular calcium release
channels, such as the ryanodine receptor and inositiol-l,4,5-trisphosphate
receptor. Recently, we have demonstrated that the immunosuppressant drug
FK506 promotes neurite outgrowth in PC 12 cells and sensory ganglion
cultures (Lyons et. al., Proc. Nat’l Acad. Sci. USA 91, 3191-3195 (1994)).
Picomolar concentrations of FK506 enhance neurite outgrowth in both
systems by increasing sensitivity to nerve growth factor. We have extended
these studies to include the immunosuppressant drug rapamycin, which at
low nanomolar concentrations, promotes neurite extension in PC 12 cells and
chick dorsal root ganglion cultures by increasing sensitivity to NGF. The
cellular effects of rapamycin are mediated by interaction with FKBP-12 and
the rapamycin and FKBP target protein (RAFT). These results suggest that
the neurotrophic effects of the neuroimmunophilin ligands may be mediated
by interactions with multiple signal transduction pathways.

Nle^-Y-I-amide and Nle^-AIV, but was unaffected by the Ang II antagonist
[Sarhle8]Ang II, and the AT] and AT2 receptor subtype antagonists, Losartan

and PD 123319, respectively. Ang II (InM-lOOpM), also inhibits neurite
outgrowth in this system, but may be acting via the Ang IV binding site since its
effect is reversed by the Ang IV analogues and not by the Ang II antagonists.
These results suggest that Ang IV may have trophic functions in the central
nervous system, particularly in the autonomic system.
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699.5
ANTI-IDIOTYPIC ANTIBODIES TO GM1 ENHANCE GROWTH
FACTOR STIMULATED NEURITE ELONGATION. M.J. Riggott* and
W.D. Matthew. Dept, of Neurobiology, Duke University Medical
Center, Durham, NC 27710
We have tested the ability of anti-idiotypic antibodies to GM1 (AIG
Mab's) to stimulate neurite outgrowth in a bioassay using cultures of
dorsal root ganglion (DRG) neurons. Bioassays were developed
using adult DRG neurons cultured on poly-lysine in the presence and
absence, of growth factors. Three indices of neurite outgrowth were
measured for each neuron: the length of the longest neurite, the
number of primary neurites and the number of branch points. The
DRG neurons were cultured in the presence of AIG4, AIG5, AIG20,
control antibodies or NS1 conditioned media. To test the dependence
on growth factors, these experiments were conducted in one of the
following media preparations: a) no added growth factors; b) a
suboptimal concentration of NGF; c an optimal concentration of NGF
plus N2 (insulin, transferrin, progesterone, putrescene, selenite).
The AIG Mab's have the ability to promote neurite elongation under
all conditions. However, elongation is most pronounced when DRG
neurons are cultured in the presence of growth factors and either
antibody AIG4 or AIG20. The growth factors have a negligible effect
on neurite length in the absence of AIG Mab's. The number of
primary neurites and the number of branch points were not affected in
these assays. This suggests that the AIG Mab's may facilitate the
activity of growth factor activated systems that regulate neurite
elongation. This work was supported in part by a grant from the
Paralyzed Veterans of America Spinal Cord Research Foundation.

699.6
DIFFERENTIAL EFFECTS OF MICROTUBULE .INHIBITORS ON
AXONAL BRANCHING AND ELONGATION OF CULTURED RAT
HIPPOCAMPAL NEURONS. A. Aovagi*. H. Saito and K. Abe.
Dept, of Chem. Pharmacol., Fac. of Pharmaceut. Sci., The Univ. of Tokyo,
Tokyo 113, Japan.

We have previously found that basic fibroblast growth factor (bFGF)
specifically enhances neurite branching without affecting neurite elongation of
cultured hippocampal neurons, while astrocyte-conditioned medium (ACM)
promotes the axonal elongation but not branching. This finding suggests that the
two morphological processes, i.e. neurite elongation and branching, are
independently regulated by different mechanisms, and further investigations about
the action of bFGF will help us to understand the machanisms involved in
neuritogenesis and synaptogenesis of brain neurons. In the present study, to test the
role of microtubules in the axonal branching and elongation, we compared the
effects of microtubule inhibitors, taxol and colchicine, on the actions of bFGF and
ACM. The dissociated hippocampal neurons from 18-day-old embryos of Wistar
rats were plated on polylysine-coated culture dishes at a density of 2,500 cells/cm2.
After incubation in serum-containing medium for 24 hrs, the medium was changed
to serum-free medium. The cells were cultured for further 24 hrs, and then neurons
bearing processes were randomly selected and photographed before addition of
drugs. The same cells were photographed 24 and 48 hrs after addition of drugs, and
changes in morphological parameters were compared. Taxol (50 nM) alone did not
affect the morphology of neurons cultured under control conditions, but
significantly reduced the bFGF-stimulated axonal branching. The ACM-stimulated
axonal elongation was not affected by the same concentration of taxol. Colchicine
(10 nM) showed similar effects as taxol. These results suggest that microtubules
play more important roles in the axonal branching than in the axonal elongation.

699.7
STEROID-ENHANCED NEURITE OUTGROWTH IN INSECT MOTOR
NEURONS INVOLVES HIGHER-ORDER BRANCHING AND INCREASED
GROWTH CONE COMPLEXITY. S.F. Matheson*. K. Della Croce and R.B.
Levine. Div. of Neurobiol., Univ. of Arizona, Tucson, AZ 85721
Extensive remodelling of neuronal processes during metamorphosis is a
prominent feature of nervous system development in the moth, Manduca sexta.
Leg motor neurons (MNs), which are retained through metamorphosis, undergo
severe dendritic regression at the end of larval life, then grow a new, complex
dendritic arbor during metamorphosis. This restructuring is controlled by the
steroid molting hormone, 20-hydroxyecdysone (20HE). Previous work in our
laboratory has shown that leg MNs maintained in cell culture respond to 20HE
exposure by growing more elaborate neuritic arbors. In order to define the
cellular mechanisms underlying this morphological effect, we are comparing
specific characteristics of neuritic branching patterns, and growth cone
complexity and cytoskeletal structure, in leg MNs cultured with and without
20HE. Morphometric data suggest that 20HE induces a dramatic increase
predominantly in higher-order neurite branching. Neuronal growth cones display
typical complements of microtubules and filamentous actin: microtubules are
concentrated in a central region and filamentous actin accumulates in the growth
cone periphery, in numerous microspikes and small filopodia. Lamellipodia are
almost never observed; large flattened areas are common but are heavily invested
with microtubules. Growth cones are more highly branched in the presence of
20HE, and display significantly more microspikes and filopodia as revealed by
fluorescent staining of actin filaments. These results suggest that 20HE induces
increased morphological complexity in cultured leg MNs by enhancing
higher-order branching, perhaps via an effect on growth cone complexity and
motile activity. Supported by NIH grant NS28495.

cDNA CLONING AND EXPRESSION OF XEFILTIN, A NOVEL
NEURONAL INTERMEDIATE FILAMENT PROTEIN IN XENOPUSLAEVIS.
Y.ZHAO* and B.G.SZARO. Biol. Sci., SUNY-Albany, Albany, NY 12222.
During axonal development and regeneration, the expression and posttranslational modification of neuronal intermediate filament (NIF) proteins are
cell-type specific and highly regulated. The changing molecular composition of
the neurofilaments may help to regulate axonal stability at different stages of
growth and to influence the caliber of diverse types of axons. Consequently, it
has been suggested that NIF composition also affects the capability of a neuron
for growth and modification. Consistent with this idea, .fish and amphibians have
unique NIF proteins whose patterns of expression suggest they may confer on
these animals a higher capacity for plasticity and regeneration. We report here
the isolation of full length cDNA clones that encode a novel Xenopus NIF protein
with a predicted molecular weight of 55.9 kD, which we have named xefiltin.
Xefiltin shared high amino acid sequence identity both with goldfish gefiltin
(overall: 66%, head: 59%, rod: 76%, tail: 30%) and with rat a-intemexin
(overall: 64%, head: 61%, rod: 71%, tail: 45%); however, its pattern of
expression was unique. Unlike gefiltin, which is predominantly found in the
retina, xefiltin mRNA was expressed throughout both the CNS and the PNS, as
demonstrated in juvenile frogs by Northern blots and in situ hybridization. In
preliminary analyses by Northern blot, xefiltin mRNA was detected later than that
of Xenopus NF-L. This differs from a-intemexin, which appears before NF-L
during mammalian development. Further characterization of xefiltin expression
during Xenopus neural development and optic nerve regeneration and alteration
of its expression in the embryo should provide an additional focus for
understanding how modifications of the neuronal cytoskeleton affect axonal
growth and development. Supported by NINDS grant R29-NS30682.

699.9

699.10

DEVELOPMENT, SUBCELLULAR LOCALIZATION AND REGULATION
OF ALPHA INTERNEXIN IN HIPPOCAMPAL NEURONS D. L. Benson*
and . I. L. Brown Fishberg Research Center for Neurobiology, Mount Sinai
School of Medicine, New York, New York 10029
The differential distribution and organization of cytoskeletal elements is
the basis for many of the morphological and functional differences between
axons and dendrites. Alpha intemexin is a neuronal intermediate filament
protein which is expressed at highest levels in the CNS during development,
but continues to be expressed throughout adulthood. Immunocytochemical
localization of a-mtemexin in cultured hippocampal neurons revealed the
intermediate filament in all neurons and axons as well as dendrites.
Coincident with the developmental time of dendritic maturation and
synaptogenesis, a-mtemexin became concentrated in axons where long
filaments could be labeled. Labeling in dendritic shafts was much fainter
and fuzzier, and was also present within dendritic spines—some of which
could be labeled simultaneously with antibodies against glutamate receptors
2/3. Labeled spines were not observed on neurons with a GABAergic
morphology. In perfused tissue sections of adult rat hippocampus, aintemexin appeared to predominate in dendrites rather than axons. Electron
microscopy revealed immunolabel within dendritic spines and associated
with microtubules in dendritic shafts. Only a small population of axons was
labeled. Following entorhinal cortex lesions a-intemexin immunolabel
increased in regions undergoing synaptogenesis. Although it remains to be
determined whether the increase was pre- or postsynaptic, it appears that
a-intemexin expression is positively correlated with synaptogenesis and
may also be involved in the generation or maintenance of dendritic spine
structure. Supported by NSF grant IBN-9419900.

EVIDENCE FOR A NEURONAL MYOSIN LIGHT CHAIN KINASE: cDNA
CLONING AND LOCALIZATION IN GOLDFISH. X.Jian*. B.G.Szaro and
J.T.Schmidt. Dept. of Biol. Sci., SUNY-Albany, Albany, NY 12222.
The control of actin-myosin interaction, which has been implicated in growth
cone motility and neurite outgrowth, is regulated in non-skeletal muscle cells by
myosin light chain kinase (MLCK). Pharmacological reagents specific for
MLCK alter neuritic outgrowth of cultured goldfish retinal ganglion cells (Jian
et al., J.Neurobiol. 1994 25:1310), and an antiserum directed against chicken
gizzard MLCK stains rat brain neurons and glia (Edelman et al., Mol. Brain Res.
1992 14:27). To establish further proof of the existence of MLCK in neurons,
a cDNA probe derived from chicken fibroblast MLCK (CF-MLCK) was used to
isolate cDNA clones from separate goldfish retinal and brain libraries. These
clones encoded three isoforms that all shared highest sequence similarities with
known smooth muscle and nonmuscle MLCK's from various avian and
mammalian species.
Partial sequences obtained from these clones were
compared with that of CF-MLCK. Over the regions encoding the conserved
catalytic and calmodulin regulatory domains of the kinase they all shared 78%
identity at the nucleotide level with CF-MLCK. In situ hybridization experiments
performed with a cRNA probe derived from one of the clones revealed specific
hybridization with message in several regions of the goldfish brain, most
abundantly in neurons of the periventricular layer of the optic tectum. Current
efforts are directed at finishing the characterization of this cDNA and that of the
other goldfish MLCK homologues. The molecular identification of goldfish
neuronal MLCK homologues will form the foundation of future studies of actinmyosin interactions in neural development and plasticity. Supported by NIH
grants EY03736 to J. Schmidt and NS30682 to B. Szaro.
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699.11
THE FORWARD MOVEMENT OF GROWTH-ASSOCIATED "WAVES"
ALONG THE AXONS OF CULTURED HIPPOCAMPAL NEURONS
REQUIRES INTACT ACTIN FILAMENTS. G. Ruthel* and G. Banker.
Department of Neuroscience, University of Virginia School of Medicine,
Charlottesville, VA 22908.
We have previously described gowth-cone-like structures referred to as "waves"
which periodically form at the base of axons in hippocampal cultures and travel
outward along the axon to the tip, where their arrival is correlated with a spurt of
growth (Ruthel & Banker, 1992, Soc. Neurosci. Abs.). Like growth cones, waves
extend lamellipodia that are rich in filamentous actin. We wished to test whether
maintenance of the wave structure was dependent on f-actin and, if so, whether the
wave could reform after disruption. Furthermore, we were interested in where
waves reformed, since reformation at the point of collapse would indicate that factin was required for the translocation of a wave whereas reformation at a point
further along the axon would indicate that a wave could continue its forward
movement independent of its f-actin structure. In order to disrupt actin filaments,
we treated one-day-old cultured cells with 0.25-0.5 gg/ml cytochalasin B for 10-15
min. Waves immediately ceased their forward movement as they collapsed,
forming an enlarged region on the axon or disappearing entirely. Although in
some cases the halted wave did not re-emerge after removal of cytochalasin, in
many cases the wave reformed and resumed its forward movement from the point
where it had stopped. The reformation of waves after disruption by cytochalasin
indicates that the capacity for forming a wave can persist even when the actin
network that gives the wave its structure is disrupted. The lack of forward
movement in the presence of cytochalasin leads us to conclude that intact actin
filaments are necessary for the forward locomotion of waves along the axon.
Supported by NIH grants NS17112 and HD07323.

699.13
INVESTIGATION OF MAP2C TARGETING IN DROSOPHILA
NEURONS BY ECTOPIC EXPRESSION. G. Adam and A. Matus*
Friedrich Miescher Institute, Basel, Switzerland CH-4002
Microtubule-associated protein 2 (MAP2) has a polarized distribution
in neurons, being detectable in cell bodies and dendrites but not in
axons. Tau, a related microtubule-associated protein shows the
opposite pattern, being located primarily in axons. To study the
molecular mechanism by which MAP2 is sorted in neurons we
investigated the distribution of MAP2c, a smaller, alternatively spliced
embryonic form of MAP2, in Drosophila neurons by ectopic expression.
Although Drosophila neurons contain no MAP2 or tau protein
mammalian MAP2 can nevertheless bind to Drosophila microtubules in
vitro and in vivo (Adam et al. Neurosci. 51; 221,1992). The GAL4-UAS
system was used to express MAP2c and two truncated forms of
MAP2c, CT1 and ATO. CT1 contains the caboxyl-terminal region of
MAP2c including the microtubule-binding domain and ATO contains the
remaining amino-terminal segment.
These polypeptides were
expressed in the mushroom bodies of Drosophila brain using an
expression-specific GAL4 enhancer-trap line.
MAP2c was most
concentrated in the cell bodies and dendrites of mushroom body
neurons, while the tau protein concentration was higher in axons
although also detectable in cell bodies. CT1 was distributed evenly
over the extent of mushroom body neurons. These Drosophila lines will
be valuable for elucidating the mechanism of MAP2c sorting in the
neuronal cytoplasm.

WEDNESDAY PM

699.12
DIFFERENTIAL MICROTUBULE AND ACTIN ORGANIZATION IN CELLS TRANSFECTED WITH MAP2c AND
MAP2d. M. Ohrestchatiskya, L. JFerhat. A. Represa, A. Bernard, G.
Charton, and Y. Ben-Ari. University Rene Descartes, Paris V, Unity
INSERM 29,123 Bd de Port Royal, 75014 Paris France.
High and low molecular weight 'forms of MAP2 proteins, MAP2a-MAP2b
and MAP2c-MAP2d respectively coexist with different ratios in the
embryonic and postnatal rat brain. MAP2c is predominantly expressed in
the immature brain. MAP2 variants are encoded by distinct mRNAs of 9
and 6 kb, both transcribed from a single gene. The MAP2d transcript
comprises a 93 bp insertion encoding 31 additional amino acids in the
carboxy terminal region when compared to MAP2c (Ferhat et al., Int.
Neurochem. 25 pp 327-338, 1994). Developmental studies at the mRNA
level show that splicing of the additional exon is regulated during
ontogeny, MAP2d mRNAs being predominantly expressed over MAP2c
mRNAs in all structures of the adult rat brain. We have used transient
transfections in Human Embryonic Kidney cells (HEK 293) to assess the
respective roles of MAP2c and MAP2d in microtubule and cytoskeletal
organization, using antibodies directed against MAP2, tubulin and actin.
Our results clearly demonstrate that both microtubules and actin filaments
are differently organized in the presence of MAP2c and MAP2d.
Microtubule bundles are thicker in the presence of MAP2c when compared to
MAP2d. A similar result is obtained with actin filaments. These proteins
also demonstrate different roles when cytoskeletal components are
destabilized with Nocodazole or Cytochalasine D. MAP2c and MAP2d
both protect microtubules from Nocodazole destabilization. In the presence
of Cytochalasine D, MAP2d, but not MAP2c, protects actin filaments from
destabilization.

699.14
INTRODUCTION OF ANTISENSE MAP1B BY A RETROVIRAL
VECTOR DECREASES CEREBELLAR GRANULE CELL
NEURITES IN VITRO. J. Solowska-Baird, L. Bovne . B. Kruk.
B.T. Himes, D. Liu. D. Baird*. I. Fischer. Dept, of Anatomy and
Neulobiolocy, Med. Coll. PA/ Hahnemann Univ., Philadelphia, PA
19129.
Microtubule associated protein, MAP1B, is a major structural
component of growing neurites and is expressed at high levels in the
parallel fibers of cerebellar granule cells early in their development. To
assess the role of MAP IB in neurite elongation, a 486bp fragment of
MAP1B cDNA was introduced into a retroviral vector (provided by L.
Lillien) in the sense or antisense orientation. After transfection of
producer cells, clones were selected which produced high titers of
MAP1B sense or antisense viruses. Cerebellar granule cells were
purified from neonatal rats and cultured as reaggregates in which they
continue to divide. Dividing granule cells were infected with
retroviruses containing either the antisense or sense MAP1B
sequences. Cells were then redissociated, replated, and cultured for 48
hours. The infected cells were visualized by immueostaieieg for Bgalactosidase coded by the retroviral reporter gene, and MAP1B was
detected via immueofluoreseece. Although infection with MAP1B
antisense retrovirus did not abolish MAP1B immunoreactivity,
quantitative analysis of infected (B-gal positive) granule cells showed a
significant decrease in the number of cells with no neurites and in mean
neurite length in cells infected with antisense MAP1B compared to
those infected with sense MAP1B. Studies of in vivo infection of
dividing cerebellar granule cells are now in progress. Supported by NS
24707, NS09486, NS33214, and NS24725.

699.15

699.16

ASSOCIATION OF MITOGEN-ACTIVATED PROTEIN (MAP)
kinase with microtubules
.
Mt..Mgrishima-Kawflshinra,
J. Tang* and K, S . Kosik. Center Neurologic Diseases, Brigham and
Women’s Hospital aed Harvard Medical School, Boston, MA 02115.
MAP kinase is a key downstream molecule in several signaling
pathways. Although the in vivo cytoplasmic substrates of MAP kinase
are unknown, the neuronal microtubule-associated proteins (MAPs) are
putative substrates for this kinase. In rat primary hippocampal
neurons, anti-MAP kinase antibody stained both nuclei and cytoplasm.
Double staining of the detergent-extracted cells showed co-localization
of MAP kinase with microtubules. Treatment of cells with microtubule
disorganizing reagents, nocodazole and colchicine, retained MAP
kinase staining on microtubules, suggesting that at least a part of the
MAP kinase pool is associated with drug-stable microtubules. The
association of MAP kinase and microtubules was also shown
biochemically. MAP kinase was co-purified with microtubules by both
temperature-dependent polymerization depolymerization cycles and the
taxol method. Quantitative analysis indicated that 4% of MAP kinase
in cytosolic extract is associated with microtubules. A fraction of MAP
kinase was co-immunoprecipitated with MAP2, which is a good in
vitro substrate for MAP kinase. Microtubules were fractionated over a
phosphocellulose column and a gel filtration column to assess the coelution of MAP kinase and MAP2. Although MAP kinase is present in
both the tubulin and MAPs fractions, the isoform preference of ERK1
and ERK2 in these fractions differs. This result may reflect a
functional distinction between ERK1 and ERK2.

DEVELOPMENTAL EXPRESSION AND DISTRIBUTION OF HIGH
MOLECULAR WEIGHT TAU IN RAT NERVOUS SYSTEM. L . Bovne*. F .
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Nothias1* A. Tessler. M. Murray. I. Fischer. Anat. & Neurobiology, Med. Coll.
PA/Hahnemann Univ., Phila., PA 19129, 'IAF-CNRS, Gif Sur Yvette, France
Tau is a microtubule associated protein that plays a role in the organization
of microtubules and axonal morphogenesis. Various isoforms of tau are differentially
expressed during nervous system development as the result of alternative splicing
and post-translational modifications of a single tau gene. In adult PNS, tau is
expressed as a high molecular weight (HMW) isoform of 110-120K. A cDNA
encoding the complete 4a exon specific for HMW tau was cloned by RT-PCR into
an expression vector and specific polyclonal antibodies were prepared against the
fusion protein and tl>e recombinant tau protein, respectively. The distribution of
HMW tau in the developing and adult nervous system was determined by
immunocytochemistry and double staining immunofluorescence with the HMW tau
polyclonal antibodies and monoclonal antibodies that recognize all isoforms of tau.
During development, tau was expressed in all DRG neurons, while HMW tau
expression was restricted to small and medium, but not large DRG neurons and
processes after embryonic day 18. After peripheral nerve lesion, distribution of tau
within the DRG remained unchanged. In the spinal cord, HMW tau was present in
motor neurons at postnatal day 2 and attained its adult pattern in cells bodies,
axons and dendrites of ventral motor neurons by day 14. In the adult rat CNS,
almost all neurons that extend processes into the PNS expressed HMW tau,
including all cranial nerve motor nuclei and central processes of most sensory
ganglia; of these ganglia, only the bipolar neurons of the olfactory, vestibular and
spiral ganglia did not express HMW tau. Retinal ganglion cells were the only
CNS neurons, whose processes remain entirely within the CNS, that expressed high
levels of HMW tau. The limit and specific distribution of HMW tau in these
neurons may be regulated by target-derived signals from the periphery to meet the
structural requirements of these axons. Supported by VA Med. Res. Service, NIH
NS24707, NS24725, NS07287, and NS09486.
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699.17
EXPRESSION AND FUNCTIONAL ROLE OF TAU
PROTEINS
IN
DIFFERENTIATED
SY5Y
HUMAN
NEUROBLASTOMA CELLS. D, Uberti. C. Rizzini. P.F. Spano.
M. Memo*. Div. Pharmacology, Dept. Biomed Sci. Biotech., Univ
Brescia, Brescia, Italy
Although several attempts have been made, the molecular and cellular
mechanisms responsible for the differential expression of various tau
isoforms as well as their functional roles in morphogenesis, PHF
formation, and neurodegeneration have not been completely clarified.
We have performed a series of studies on SY5Y neuroblastoma cells
differentiated by retinoic acid treatment. We found that indifferentiated
cells express predominantly the fetal isoform of tau, although at very
low level. After retinoic acid treatment, mRNA species encoding either
the fetal and the mature tau isoforms can be detected. The fetal tau
isoform appeared to be much more expressed than the mature one.
These cells were found resistant to glutamic acid treatment and sensitive
to the neurotoxicity induced by doxorubicine (10 nM). The neurotoxic
effects elicited by doxorubicine was temporally correlated with an
increased of tau immunoreactivity, as measured by Alz50 antibody.
Finally, immunocytochemistry and Western analysis showed tau
protein in the nucleus. The data suggest that tau is more than a
microtubule associated protein, with possible role in cell differentiationdysdifferentiation processes.

699.18
MICROTUBULE REORGANISATION IS OBLIGATORY FOR GROWTH
CONE TURNING. T. Williamson. P. R. Gordon-Weeks*. M. Schachnert and J.
Tavlort. D.B.R.C., King's College London, 26-29 Drury Lane, London WC2B
5RL. ^Department of Neurobiology, Swiss Federal Institute of Technology,
Hdnggerberg, 8093 Zurich, Switzerland.
We have shown previously that growth cones of chick dorsal root ganglion cells
turn at sharp substrate borders between the extracellular matrix molecules tenascin
and laminin in vitro and grow along the laminin side of the border. To gain
insight into the role of microtubules in growth cone turning, we have compared
the organisation of microtubuiles in growth cones advancing on uniform laminin
substrates with their organisation in growth cones that have encountered a
laminin-tenascin border. The results suggest that a reorganisation of the
microtubules occurs in growth cones turning at laminin-tenascin borders. Further
evidence for the involvement of microtubule rearrangement in growth cone
turning was provided by experiments in which growth cones approached tenascin
borders in the presence of substoichiometric concentrations of the microtubule
stabilising compound, taxol. Taxol altered the organisation of microtubules in
growth cones growing on laminin by restricting their distribution to the proximal
regions of the growth cone and increasing their bundling. Taxol did not stop
growth cone advance on laminin. When growing in the presence of taxol, growth
cones at tenascin borders were not able to turn and grow along the laminintenascin border, and consequently stopped at the border. Growth cones were
arrested at borders for as long as taxol was present (up to six hours in these
experiments) without showing any signs of drug toxicity. These effects of taxol
were reversible. Together, these results suggest that microtubule reorganisation in
growth cones is a necessary event in growth cone turning

699.19
TWO STRATEGIES TO PREPARE NEURAL CORTICAL
CYTOSKELETON COMPONENTS FOR THE GENERATION OF
MONOCLONAL ANTIBODIES AND INITIAL CHARACTERISATION OF
THE IDENTIFIED PROTEINS. T. G. A. Mack. O. Schulz. S. Roth, U.
Schwarz. & G. E. Pollerberg* Dept. of Biochemistry, Max-Planck-lnstitute for
Developmental Biology, D-72076 Tuebingen, Germany
Axons and growth cones possess a spectrin/actin based network closely
associated with the inner side of the cell membrane, the cortical
cytoskeleton. This structure serves diverse functions during axonal
outgrowth, such as surface shaping, modulation of integral membrane
proteins, and signal transduction. We developed two strategies to prepare
material enriched for neural cortical cytoskeleton from embryonic chick
nervous tissue. The first strategy combined the isolation of a
membrane/cortical cytoskeleton fraction by density gradient centrifugation
with an enzymatic degradation of cell surface proteins. The second strategy
is based on the attachment and crosslinking of single cells to beads,
allowing for the removal of the cell contents by cell disruption; only
membrane/cortical cytoskeleton patches are retained on the beads.
Both strategies permitted the removal of cytoplasm, organelles and
cytoplasmic cytoskeleton while retaining the cortical cytoskeleton, as shown
by the detection of marker molecules. Monoclonal antibodies (mabs)
generated using both preparations as immunization material were screened
for recognition of submembranous structures in axons and growth cones of
retinal neurons in culture. A proportion of the mabs bind to structures in the
growth cone periphery, a cell region composed almost exclusively of cell
membrane and cytoskeleton, and are likely to recognize components of the
cortical cytoskeleton. Expression patterns and the apparent molecular
weights of the detected proteins indicate that a subset of the mabs is
directed against known components, whereas others appear to detect novel
components of the cortical cytoskeleton. We are currently immunopurifiying
and sequencing a number of proteins defined by the mabs.

FORMATION AND SPECIFICITY OF SYNAPSES:
700.1
AGRIN MAY INTERACT WITH GROWTH FACTORS TO MEDIATE ACHR
CLUSTERING AT THE NEUOROMUSCULAR JUNCTION. DJ. Daggett® . D.
Store! . K. Nikollccl and H.B. Peng®* ®Dept. of Cell Biol, and Anat. and Curr. in
Neurobiol., UNC, Chapel Hill, NC 27599, and fDept. of Neurosci., Genentech, Inc.,
S. San Francisco, CA 94080
The clustering of acetylcholine receptors (AChRs) to high densities beneath
presynaptic active zones, which is the hallmark of postsynaptic specialization at the
neuromuscular junction (NMJ), appears likely to be mediated in part by the
extracellular matrix protein agrin. This has been demonstrated by observations that
1) application of certain soluble agrin isoforms to cultured muscle cells induces the
formation of numerous AChR clusters in the muscle membrane, 2) agrin is highly
enriched at neuromuscular synapses, and 3) certain anti-agrin antibodies appear to
block NMJ formation in culture. However, our previous studies have also suggested
the role of endogenous, muscle-bound growth factors in forming postsynaptic
specializations. Here we have coated 10 pm polystyrene beads with purified, fulllength agrin isoforms (lOOpgml) to compare their ability to locally induce AChR
clustering to that of growth factor-coated beads, when applied to Xenopus muscle cell
cultures. In addition we incubated agrin-coated beads secondarily with the heparinbinding growth factor HB-GAM to look for agrin-growth factor interactions. Here
we report that focally applied, agrin-coated beads cause AChR clustering at -25% of
bead muscle contacts (BMC’s). However, agrin beads further incubated with HBGAM, bind this factor as shown by immunocytochemistry and cause AChR
clustering at -80% of BMC’s. Beads coated similarly with BSA and HB-GAM have
no effect These results suggest that agrin may mediate AChR clustering by
interacting with muscle bound growth factors, stimulating intracellular signal
transduction pathways leading to AChR redistribution. (Supported by NIH and
MDA)
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700.2
AXONAL TARGETING OF AGRIN IN CULTURED RAT
DORSAL.HORN NEURONS. G. Escher*1. C. Bechade2 and A*
Triller2 1 Institute of Anatomy, Bugnon 9, 1005 Lausanne,
Switzerland. 2Ecole Normale Supdrieure, INSERM CJF 9410, 75005
Paris, France.
Agrin transcripts are broadly expressed in the CNS, including in non
cholinergic areas. The role of agrin in motoneurons, but not in other
neurons, is well established. To approach this question, the presence
and cellular distribution of agrin in non-motoneurons was analyzed in
primary cultures of dorsal horn neurons, dissociated at E14 and kept
in culture for 1 to 10 days; glial cells make up less than 1% of all cells.
We now show : 1) the expression of the 4 agrin isoforms B0, B 8,
Bll and B19 (see Ruegg et al., 1992) by RT-PCR; 2) their
developmental regulation during neuronal maturation, B0 being
expressed first, then - during the period of synaptogenesis, the active
isoforms (B>0) are preferentially expressed; 3) that agrin-like
immunoreactivity can be detected by Western blots both in the
supernatant and in the cells; 4) using double immunostaining with antiagrin antibodies (recognizing all isoforms) and anti-MAP2 or antiTau 1 antibodies respectively, an enrichment of agrin labeling in all
axons. These data indicate that in our cultures, agrin is synthesized by
almost all neurons and is targeted to axons. These observations
suggest that, as in the neuromuscular junction, agrin plays a key role
in pre- to postsynaptic interactions.
Supported by Swiss NSF 31-39713.93, AFM and IRME grants.
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700.3
ALTERNATIVE mRNA SPUCING OF AGRIN REGULATES BINDING TO
HEPARIN AND a-DYSTROGLYCAN. M. Gesemann. A. I. Denzer. V. Cavalli, A.
Brancaccio5, B. Schumacher, W. B. Adams* and M. A. Ruegg, Depts. of
Pharmacology and biophysical Chemistry, Biozentrum, University of Basel,
CH-4056 Basel, Switzerland
Agrin is a heparan sulfate proteoglycan with an apparent molecular weight
of more than 400 kD that induces the aggregation of acetylcholine receptors
(AChRs) on cultured myotubes. Several isoforms are generated as a result of
alternative mRNA splicing. While the chick isoform agriwA4B (4 amino acid
(aa) inserted at site A; 8 aa inserted at site B, both located near the C-terminal
end) induces AChR aggregation on myotubes at picomolar concentrations,
agrinAOB) (no inserts at both sites) is inactive. A 45 kD C-terminal fragment of
agrinA4B8 (c 45a 4bs ) that contains inserts at both sites A and B retains high
activity. A 21 kD C-terminal fragment (c 21bs ) is still active, but only at 100-fold
higher concentrations. We have now investigated the binding of agrin
isoforms to heparin and to a-dystroglycan, a peripheral membrane protein of
the dystrophin-glycoprotein complex, that is the major agrin-binding protein
on muscle cells. We find that the four aa insert, Lys-Ser-Arg-Lys, at site A is
required for the binding of agrin to heparin. This binding site is also functional
in full-length chick agrin. Similarly, binding properties to a-dystroglycan are
also affected by alternatively spliced sites. High-affinity binding to both
denatured and native a-dystroglycan from chick skeletal muscle and the
mouse C2 cell line was found for the inactive agriAAOBo- The highly active
isoform agrmA4B binds with a 10 to 20-fold lower affinity and no binding was
detected for c 21bs - These data show that binding of agrin to a-dystroglycan is
not necessary for AChR aggregation and they set the stage to investigate the
role of a-dystroglycan in agrin-mduced AChR aggregation and to search for
the signal-transducing agrin receptor.

700.4
CHARACTERIZATION OF FULL-LENGTH CHICK AGRIN, A BASAL
LAMINA PROTEIN INVOLVED IN THE FORMATION OF SYNAPSES.
A. I. Denzer, M. Gesemann. B. Schumacher and M. A. Ruegg*. Dept, of
Pharmacology, Biozentrum, University of Basel, 4056 Basel, Switzerland.
Agrin is a protein of the extracellular matrix with a calculated molecular
weight of - 220 kD that induces the aggregation of acetylcholine receptors
(AChRs) and other molecules concentrated at the neuromuscular synapse. A
45 kD C-terminal fragment of agrin is sufficient for this activity. To investigate
functional properties of the complete protein, we transfected previously described full-length chick cDNA into COS cells. However, recombinant agrin
was not secreted from the cells. Here we describe a 5' extended construct,
probably encoding complete chick agrin, that is secreted from COS cells. The
novel sequences were found by primer extension studies and isolation of the
agrin gene. They extend the coding sequence at the 5' end by ~ 350 bp. Protein
sequence encoded by this extension is highly homologous to a 15 amino acid
peptide of a heparan sulfate proteoglycan (HSPG) isolated from bovine kidney
(Hagen et al. (1993) JBC 268, 7261). Recombinant agrin is active in inducing
AChR aggregation depending on the splice variant. It has an apparent molecular weight between 400 and 600 kD and carries glycosaminoglycan side chains
attached to the N-terminal part that are characteristic for a HSPG. Polyclonal
antisera detect agrin-like protein in tissue homogenates that also has an apparent molecular weight between 400 and 600 kD. In addition, we have found
a novel site of 7 amino acids at the N-terminal part that is alternatively spliced.
While motor neurons of 5 day old chick embryos synthesize agrin mRNA encoding the 7 amino acid insert, muscle cells predominantly express transcripts
that lack this insert. These experiments will allow us to investigate binding
properties of recombinant agrin to possibly get insights into other functions of
this molecule.

700.5
THE ROLE OF DIFFERENT AGRIN ISOFORMS IN SODIUM
CHANNEL CLUSTERING. A. A, Sharp!*. J. T. Campanelli2. R. H,
Scheller2 and J. H. Caldwell1. 'Dept, of Cellular and Structural Biology, Univ.
of Colorado Health Sciences Ctr, Denver, CO, 80262; 2Beckman Ctr.,
Stanford Univ. Med. Ctr., Stanford, CA, 94305.
Sodium channels and ACh receptors are expressed at particularly high
concentrations at the neuromuscular junction. Agrin is known to play a key role in
the aggregation of ACh receptors. Five isoforms of agrin are known to be
differentially expressed at different developmental stages as well as by different
tissues. The isoforms of agrin also differ in their ability to aggregate ACh
receptors. Lupa and Caldwell (J. Cell Biol.. 1991,115:765) have shown that
Torpedo agrin presented in the media of primary rat muscle fiber cultures was
unable to cluster sodium channels. The inability of agrin to cluster sodium
channels in that study may have been the result of presenting the wrong isoform of
agrin to the cultures. In this study we are testing the ability of different isoforms of
agrin to aggregate sodium channels. Adult rat muscle fibers from the flexor
digitorium brevis are dissociated and co-cultured with CHO cells that have been
transfected with various isoforms of agrin and express it on the extracellular side
of the membrane (Ferns et al., 1993, Neuron. 8:1079). Sodium channels are
detected with immunocytochemical techniques using a polyclonal antibody to
sodium channels. CHO cells expressing the A4B8 isoform of agrin cause
clustering of sodium channels when attached to the perijunctional and nearperijunctional regions of the fibers after one day in culture. CHO cells attached
more distally do not cause aggregation at a level detectible by this process. Wild
type CHO cells do not cause aggregation of sodium channels. We are also testing
die ability of CHO cells expressing the A4B19, A4B11 and A4B0 to aggregate
sodium channels.

700.6
AGRIN FROM NG108-15 INDUCES ACETYLCHOLINE RECEPTOR
AGGREGATION ON PRIMARY RAT MYOTUBE CULTURES. S. Pun.
K. L. SoondK. W. K. Tsim*. Dept.of Biology,TheHong gong gniversrty
of Science and Technology, Clear Water Bay Road, Kowloon, Hong Kong.
Agrin, a protein isolated from the synaptic basal lamina, directs the
formation of the postsynaptic apparatus on developing and regenerating
neuromuscular junctions. The full-length cDNAs for agrin have been cloned
in chick and rat species; both are -8 kb in size and encoded proteins have a
deduced molecular weight of over 200 kDa. The expression of agrin is not
restricted to the motor neurons of spinal cord; it is also expressed in other
tissues including the brain. We study the expression of agrin and its
isoforms in a neuroblastoma x glioma cell line (NG108-15). These cells have
the ability to induce the aggregation of acetylcholine receptors (AChRs) on
the cultured myotubes. The co-culture of NG108-15 cells and primary rat
myotubes resulted in ~ 10-fold increase in the AChR aggregates on the
surface of myotubes. Using an • agrim-specific antibody, the agrin protein of
-200 kDa was identified in NG108-15 cells by immunoblottmg. Its
corresponding transcript of -8 kb in size was detected by Northern blot
analysis using agrin cDNA as a probe. Expression of no amino insert at z
site of agrin mRNA in NG108-15 cells was also demonstrated using
polymerase chain reaction. To demonstrate the aggregation of AChRs is
due to the secreted agrin from NG108-15 cells, antisense construct of agrin
cDNA was transfected into the NG108-15 cells. The NG108-15 cells
induced-AChR aggregation on cultured rat myotubes was blocked by such
antisense cDNA transfection. These studies provide a direct evidence that
the NG108-15 cell-induced AChR aggregation on cultured primary rat
myotubes is mediated by agrin.

700.7

700.8
NGF DEPENDENT REGULATION OF AGRIN GENE EXPRESSION IN
PC12 cells . M, A Smi^J-J, .O’Connor*1 .Ox-Fapggr2, .and R.A.Maue2,

DOMAINS OF AGRIN THAT INDUCE ACHR
PHOSPHORYLATION. T, Meier. M. Gesemann. V. Cavalli.
M.A.Ruegg and B.G. Wallace*. Dept, of Physiology, Univ. Col. Hlth.
Sci. Ctr., Denver, CO 80262 and Dept. of Pharmacology, Biozentrum,
Univ. of Basel, CH-4056 Basel, Switzerland.
Differentiation of the postsynaptic apparatus at developing and
regenerating vertebrate skeletal neuromuscular junctions is triggered
by agrin. Agrin is a 400-600 kD heparan sulfate proteoglycan with
several regions homologous to domains found in other extracellular
matrix proteins. In addition, several isoforms of agrin have been
identified that arise by alternative splicing of a single agrin gene.
When added to myotubes in culture, agrin induces the formation of
specializations at which acetylcholine receptors (AChRs) and other
components of the postsynaptic apparatus accumulate, and also induces
tyrosine phosphorylation of AChRs. Treatments that block agrininduced protein tyrosine phosphorylation prevent AChR aggregation,
suggesting that phosphorylation may play a role in receptor
aggregation. Recent reports indicate that agrin binds to ae-dystroglycan
and it has been proposed that this binding mediates AChR aggregation.
To test further the relationship between tyrosine phosphorylation and
receptor aggregation and to determine if interaction of agrin with adystroglycan is required for AChR phosphorylation, we have
compared the ability of fragments of various agrin isoforms to trigger
AChR phosphorylation and/or aggregation. Results indicate that the
same domains and isoforms of agrin that induce AChR aggregation
also cause AChR tyrosine phosphorylation, while domains that mediate
binding of agrin to a-dystroglycan are not required for either AChR
aggregation or phosphorylation.
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1Dept. Anat, and Neurobiol,, University of California, Irvine, CA 92717, and
2Dept. Biochem. and Physiol,, Dartmouth Med, Schl,, Hanover, NH 03755,
Agrin is an extracellular matrix protein believed to play a role in the
formation and maintenance of chemical synapses, Expression of alternatively
spliced agrin mRNAs that encode proteins that differ in their acetylcholine
receptor aggregating activity is both cell specific and developmentally
regulated. For example, in neurons, agrinl 1 transcripts are elevated during
early development whereas agrin 8 mRNA is typical of more mature cells. To
better understand the cellular mechanisms that control agrin gene expression
we have analyzed changes in the level of agrin mRNA and pattern of
alternative splicing in PC12 cells in response to growth factors, When
compared to control cells, treatment with NGF for 7d caused a significant (2,4
fold) increase in total agrin mRNA expression. RT-PCR analysis shows that
in the absence of NGF, PC12 cells express predominantly agrinO mRNA that
encodes protein with low acetylcholine receptor aggregating activity, whereas
transcripts encoding agrin isoforms with high activity (agrin8, -11, -19) are at
or below detection, NGF treatment results in a marked increase (>25 fold by
7 days) in agrin8 mRNA expression. The selective increase in agrin8 mRNA
is consistent with the neuronal differentiation of PC 12 cells that occurs in
response to NGF. In contrast, preliminary results indicate that the pattern of
agrin alternative splicing is not affected by treatment with either insulin or
EGF, Analysis of Ras deficient PC12 sublines (courtesy of G. Cooper, Dana
Farbe Cancer Inst,, Boston, MA) suggests further that the NGF induced
increase in agrin8 mRNA is a Ras dependent response, The results imply
that in addition to changes in gene transcription and mRNA stability, NGF
can influence alternative splicing and raise the possibility that NGF and
perhaps other growth factors may influence agrin gene expression in vivo.
Supported by NS33213 to MAS and NS28767 to RAM,
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700.9

700.10

REGULATION OF AGRIN GENE EXPRESSION DURING DEVELOPMENT
OF MOUSE THALAMUS AND SOMATOSENSORY CORTEX. • Z. Li1. J.L.

Agrin is Adhesive for Motor Neetrons and Inhibits Neetrite
Outgrowth. I.A. Campagna* and T.L. Bixby. Dept. of Molecular and

Massenaill1. D.K.O'Dowd1>2 and M.A. Smith*1. Depts. of 1Anat. and
Neurobiol. and 2Dev. and Cell Biol.. University of California at Irvine. Irvine,
CA 92717.
Agrin mRNA is expressed by many neuronal populations in developing
and adult rat brain. suggesting a role for agrin in the formation and
maintenance of synapses in the mammalian CNS. To investigate this
possibility we have begun a detailed study of agrin gene expression in the
mouse thalamocortical system during the first 3 weeks of postnatal'
development. a period when functional connections between thalamus and
cortex as well as within cortex form and mature. Whereas all four agrin
mRNAs resulting from alternative splicing at the z region are present in RNA
from ventrobasal thalamus. their relative abundance changed during
development. AgrinO mRNA increased steadily from approximately 40% of
total agrin mRNA at birth (P0) to 80% at P20. Agrin8 transcripts were first
detected at P5. with maximal levels (-10%) occurring around P16. Agrin11
mRNA was present only during P0-P4 with a peak («4%) at P1. Agrin19
transcripts represented about 50% of total agrin mRNA at P0. declined to
approximately 40% by P3 followed by a further decrease to about 10%
between P7 and P20. A similar pattern of agrin mRNA expression was also
observed in somatosensory cortex. In parallel studies in vitro, we observed
that functional connections formed between dissociated P0 cortical neurons
during the first two weeks in culture and that temporal changes in agrin8. -11.
and -19 mRNAs were similar to those between P0-P14 in vivo. Thus.
developmental changes in agrin gene expression in vivo and in vitro are
correlated with formation of functional synaptic connections. consistent with a
role for agrin in synaptogenesis in the mammalian CNS. Supported by
NS07351 to ZL. NS33213 to MAS and NS30109 to DO'D.

Cellular Pharmacology, Univ. Of Miami Sch. of Med., Miami, FL 33101.

A number of proteins are concentrated in the synaptic basal lamina at
the neuromuscular junction (NMJ). Evidence suggests that some of these
proteins are important for motor neuronal axon growth and subsequent
synaptogenesis. s-laminin (s-LN) is a 200 kD protein that is highly
enriched in synaptic basal lamina, is selectively adhesive for motor

neurons, and can act as a "stop signal" for growing axons; the tripeptide
motif LRE (leu-arg-glu) is implicated in these functions. (Hunter & Sanes, J.
Neurosci 11,3960, 1991;Porter et al., Neuron 14, 549,1995) A second protein
enriched in synaptic basal lamina and containing an LRE motif is agrin,
which has previously been shown to induce several aspects of
postsynaptic differentiation at the NMJ. To test the hypothesis that the
LRE motif in agrin is also a motor neuron "stop signal", we have grown
chick ciliary ganglion (CG) neurons on substrates of agrin-expressing
CHO cells. CG neuron growth cones extending on a fibronectin substrate
stop growing upon contact with agrin^-expressing CHO cells, but not
untransfected CHO cells. In a short-term adhesion assay, CG neurons
adhered four times as well to agrin-expressing cells as to untransfected
CHO cells. Our results are consistent with a general role for LREcontaining basal lamina proteins in directing motor neurons to muscle,
and suggest that agrin's role at the NMJ is not limited to actions on the
myotube.

700.11
IDENTIFICATION OF A NOVEL AGRIN ISOFORM PREFERENTIALLY
EXPRESSED IN NON-NEURONAL CELLS. G. Tsen1. A. Napier1. W,
Halfter^. andG. J. Colei*. iNeurobiotechnology Center and Dept of Cell Biology,
Neurobiology and Anatomy. The Ohio State Univ.. Colembes. OH 43210. ^Dept of
Neerobiology, Univ. of Pittsburgh. Pittsburgh. PA 15261.
A novel isoform of agrin was identified based on the isolation of an agrin cDNA
from E9 chick brain that lacks 21 bp in the N-terminal encoding region of the agrin
mRNA. RT-PCR of E9 chick brain mRNA confirmed the existence of this agrin
isoform in twain. bet the novel splice variant represents only a minor fraction of agrin
mRNA in brain. However. epon the analysis of chick astrocyte mRNA. smooth
mescle mRNA. and cardiac mescle mRNA by RT-PCR. this novel isoform was
shown to be the predominant agrin isoform in these non-neeronal cell popelations.
We extended oer analyses to examine the expression of this agrin mRNA isoform
during chick development. and showed that in brain this novel agrin isoform is epregelated with brain development. consistent with the increase in glial nember dering
brain development. while the agrin isoform that does not endergo splicing and thes
contains the 21 bp exon is down-regelated. We also showed that in heart both agrin
isoforms are down-regelated dering development. Because the 21 bp exon is inserted
in the region of chick agrin which encodes the petative signal sequence of agrin. with
the signal peptidase cleavage site immediately preceding the petative first amino acid
of the mature protein being deleted as a reselt of splicing. the presence or absence of
this alternatively spliced exon may regelate differential processing of the agrin
protein in nemonal and non-neeronal cells. repectively.
Supported by NIH grant NS33981.
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701.1

701.2

THE DEVELOPMENT OF SYNAPSES IN BARRELS OF
MOUSE PRIMARY SOMATOSENSORY CORTEX. E.L. White*.
D. Lev and E.Weinfeld Centnr forBrarnResearah, Faculty of He^th
Sci.. Ben-Ganon Univ.. Beer Sheva. ISRAEL.
As part of a comprehensive study of the development of synaptic
patterns in mouse PMBSF barrels. the distuibutiof of synapses was
assessed in EM montages taken of thin sections cet tangentially through
the mid-layer IV level of barrel D4. asaally. bet also of adjacent barrels
D5 or C4 at (to date) P6. P9. Pl 1. PI3 and at 65 days of age (Pl=the
first 24 hoers after birth). Barrel hollows. sides and septa were
identified in 40xm thick sections cet from ufembedded. aldehyde
perfused. osmicated brains. From P6. dark barrel hollows are clearly
recognizable with the light microscope dee to the high osmophilia of the
processes (primarily axons) within them; by Pll the hollows are
somewhat more faint dee to their increasing content of less osmophilic
dendritic branches. Most somata received symmetrical synapses only.
At P6. 111 profiles of 113 somata received no synapses. the remaining
profiles received one each. At P9. 67% of 135 profiles formed 1 (usual)
or more synapses; at Pll. 46% of 167 profiles formed 1 or more; at
PI3. 90% of 77 formed 1 or more (53% 2 or more) and in adelt. 89%
of 143 profiles formed 1 or more synapses (63% 2 or more). Synapse
counts at all ages. whether on somata or in the fre.ropil. were similar for
eqeivaleft areas of wall vs. hollow. Exclesive of somatic synapses. P6
neuropil (hollow samples> 14,000jtm2/age; in wall. primarily
septa>4,000|.lm2/agc) contained 1.5 synapsee/lOOp^. P9 had 4.3 and the
adelt 9.7. Sepported by Israel Acad. of Sciences 618/93 to E.L.W.
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TOPOGRAPHY OF THE ECTOPIC RETINAL PROJECTION TO
OLFACTORY CORTEX (OC) IN ADULT RANA PIPIENS. Scalia. FA. W. Su.
E. Hhos , S .M. Gala/ov. S . Eisner and J.Y, Letetn.Dept.of AnaL & Cell BioL
SUNY HSCB. Brooklyn. NY 11203 and Media Lab.. MIT. Cambridge. MA 02139.
The prominent electrical responses visually elicited in the superficial neuropil
(SN) of OC 6 mo after translocation of a regenerating optic nerve into the
telencephalon (T) were evocable only from the frontal visual field, but a spatial
map of the responses was not observed (Neurosci. Abs.. Scalia et al.. ’94).
Transients of this type and size are recorded in the SN of the optic tectum with
presentation of prey-mimetic stimuli in any sector of the visual field (Grant and
Lettvin. Brain Res.. ’91). bet are never found in normal OC. Anatomical data on
the sectorial origin of the ectopic fibers was sought to investigate the basis of the
frontal-field-dominance in this projection. Mixed injections ofbiotif-drxtraf (BDA)
and ^H-amino acids were given intravitreally immediately after cutting across a
defined sector of the retinal nerve fiber layer in frogs surviving 6-8 mos after
transplantation of the optic nerve into T. The injected specimens survived an
additional 3 days to allow time for anterograde migration of the BDA in the cut
retinal axons and transport of the 3H-label by the ufifjured ganglion cells in the
complementary areas of the retina. BDA-labeling was examined both by LM and
EM. When the cuts were made across temporal sectors of the retina. which image
the frontal-field. the BDA-labeled terminal plexus in the experimental animals
occupied the posterodorsal half of the ectopic projection-field. After nasal retinal
lesions. the BDA-labeled terminals were distributed in the more afteroventral part
of the projection-field. The pattern of radiolabel in autoradiographs of adjacent
sections was complementary to the BDA-labeling. but with significant overlap in the
fields defined by the two tracers. Thus. the ectopic projection arises from both the
temporal and nasal halves of the retina. but only the former becomes capable of
evoking the large-amplitude responses. (Supported by NIH Grant EY05284)
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ASYMMETRIC
NASAL/TEMPORAL
EXPRESSION
OF
AN
ALTERNATIVELY SPLICED GENE WITHIN THE DEVELOPING
RETINA. W.M. Jumev. D.R. Foltz. D.J. Selski and S.C. McLoon*. Univ. of
Minnesota, Minneapolis, MN 55455.
Development of the topographic pattern of axonal connections from the
eye to the brain is believed to involve molecules expressed asymmetrically
across the developing retina that mark cell position. In an attempt to identify
such molecules, differential kinetic enrichment was employed to isolate
asymmetrically expressed mRNAs in the nasal-temporal axis of the
embryonic chick retina. A PCR amplified cDNA representing a mRNA
enriched in the nasal side of the retina was used to screen an embryonic
retinal cDNA library. Seven clones were isolated. Restriction analysis
suggested that these clones share a 2kb "conserved" region, and each had a
"variable" region of up to 2kb. A probe prepared from a fragment of the
conserved region of one clone hybridized to all seven clones. Two separate
fragments from the variable region of one clone hybridized to subsets of the
seven clones. RNA blot analysis suggested that the conserved region is
expressed equally on the two sides of the retina, while transcripts containing
either of two fragments from the variable region were more abundant on the
nasal side of embryonic retina. These results suggest the existence of an
alternatively spliced gene, the products of which are asymmetrically
expressed across the developing retina. Comparison of a partial sequence
from one clone suggested that it is a previously unreported gene. (Supported
by NIH grants EY05371 and EY07133.)

701.4
QUANTITATIVE DISTRIBUTION OF GABA-IMMUNOREACTIVE
TERMINALS AFTER SENSORY DEPRIVATION IN THE RAT
BARREL CORTEX. C. Beaulieu* and C.Crevier. Dept Pathology and
CRSN, University de Montreal, Montreal, (Qc) Canada.
We have previously shown that neonatal sensory deprivation leads to
a 50% reduction in the numerical density (Nv) of synaptic contacts
formed by GABA(+) boutons in layer IV of deprived barrels as
compared to controls. To estimate whether this change was due to an
actual loss of GABA(+) axon terminals, we calculated their number in
layer IV of the barrel cortex of rats which had their vibrissae on the
right face continuously removed from birth.
In long series of ultrathin sections from layer IV, we identified and
followed all GABA(+) boutons through their entire length. By
applying the disector method, we calculated that the Nv of GABA(+)
boutons was 25% lower (p<0.01) in sensory-deprived (48±7 million
per mm3) than in control (64±10 million/mm3) barrels. Thus, the
decrease of contact number in sensory-deprived cortex is due partially
to a loss of GABA terminals. By dividing the Ny of synaptic contacts
(determined in the previous study) by that of boutons, we determined a
con tact-to-bouton ratio. On average, a GABA(+) bouton of the
deprived barrels formed 1.9 contacts while this ratio reached to 2.5 in
the controls. This suggests that the decrease of contacts could be due
not only to a loss of GABA(+) terminals but also to a decrease of the
number of synaptic contacts formed by each bouton. However, it is
also possible that the decrease of synaptic contacts was consequent to a
preferential loss of a subpopulation of GABA(+) terminals making on
average, a high number of contacts. This is currently under
investigation. (Supported by MRC, FRSQ, and FCAR)

701.5

701.6

GABA IMMUNOCYTOCHEMICAL ANALYSIS OF CEREBELLAR EXPLANT
CULTURES FROM THE LURCHER MUTANT AND WILD-TYPE MOUSE.
Keith W.T. Caddy*1, and Martin L. Doughty2. 1Dept. of Physiology, University
College London, WC1E 6BT; 5Lab. de Neurobiologie du D6veloppement, Univ.
P. & M. Curie, 75005 Paris.
Lurcher is an autosomal dominant murine mutation. Lurcher
heterozygotes (+/Lc) lose all their cerebellar Purkinje cells by adulthood (Caddy
and Biscoe, 1979. Phil. Trans R. Soc. B. 287: 167-201). Chimeric analysis has
shown that the primary target of the +/Lc mutation is the cerebellar Purkinje
cell (Wetts and Herrup, 1982. J. Embrol. Exp. Morph. 68: 87-98). Purkinje cells
from the +/Lc mutant mouse survive and differentiate in long-term cerebellar
explant cultures, indicating that +/Lc Purkinje cell death is non-autonomous
(Doughty et al., 1995. J. Comp. Neurol, in press). The neuronal environment
and synaptic investment of Purkinje cells in +/Lc and +/+ (control) cerebellar
explant cultures were examined using y-aminobutyric acid (GABA)
immunocytochemistry. Cerebellar explants from 2 days postnatal (P2) +/+ and
+/Lc mutant mice were grown for 15 days in vitro before being processed for
GABA immunocytochemistry. GABA-immunolabelled explants were examined
in the light and electron microscope. GABA-immunostained Golgi and basket
and/or stellate cells were scattered throughout the +/+ and +/Lc cerebellar
explant cultures and there was no in vivo-like arrangement of the
immunoreactive somata. Qualitative observations did not indicate any
difference in the numbers and distribution of the GABA-immunostained cells
in the +/+ and +/Lc cultures. Electron microscopical analysis revealed a similar,
complex distribution of the GABA-immunostain in the +/+ and +/Lc cerebellar
explant cultures. The somata of Golgi and basket and/or stellate cells were
GABA-immunostained, whereas their neurites had a varied immunoreactivity:
GABA-immunostained and GABA-immunonegative axons formed synapses
directly with the shafts of spiny Purkinje cell dendrites; whilst all the synapses
on the dendritic spines of Purkinje cells were from GABA-immunonegative
parallel fibres. (Supported by The Wellcome Trust).

DESCRIBING AND GENERATING COMPLEX
DENDRITIC MORPHPOLOGIES USING L-SYSTEMS
D. Rosenbluth, J. Allman*
Division of Biology, Caltech, 216-76, Pasadena, CA, 91125

We describe the use of 1-systems for both the generation and de-

scription of complex dendritic mophologies. L-systems provide powerful language in which both the topology and geometry of complicated
branching structures can be described in detail using few parameters.
Such a language permits the exploration several important questions
using computational models. Two of these are: “How does dendritic
morphology affect the computations performed by single neurons?" and

“What rules govern the pruning of dedritic arborizations during development?". This formalism also provides a useful descriptive tool for ex-

perimentalists. An inference algorithm takes data on the mophology of
actual neurons and outputs an 1-system which generates that mophology
to within a specified error. The 1-system which generates the morphol-

ogy can be used as a much more complete and compact quantitative
description of morphology than other measures that have been used to
date for this purpose.

701.7

701.8

STABILISING NEUROMUSCULAR CONTACTS INCREASES
MOTONEURONE SURVIVAL AFTER NEONATAL NERVE INJURY IN
RATS. D. Harding, L. Greensmith, A.L. Connold. G. Vrbova, and S. Tuel*,
Department of Anatomy and Developmental Biology, University College
London, Gower Street, London WClE 6BT, U.K..

REGULATION OF N-TYPE CALCIUM CHANNEL DISTRIBUTION IN
ISOLATED HIPPOCAMPAL NEURONS. R.K. Lartius!*. L.-E. Trudeau!
R. Doyle! D.R. Witcher2. K.P. Campbell2 and P,G. Haydon1 ’Dept. of Zoology
and Genetics, Iowa State University, Ames, IA 50011; 2Howard Hughes
Medical Institute, Dept, of Physiology and Biophysics, Univ. of Iowa, College of
Medicine, Iowa City, IA 52242.
The influx of calcium through voltage dependent N-type calcium
channels stimulates vesicle fusion during synaptic transmission. Little is known,
however, regarding the cues that regulate the expression of these channels and
their localization during development. For example, is neuron-neuron contact
required for normal N-type calcium channel expression, distribution and function?
To address this question, hippocampal neurons were grown under conditions
which resulted in either isolated neurons or neurons with neuron-neuron contacts.
Differences in the expression of the N-type calcium channel subunit a^ were then
compared using immunocytochemistry. At 8 days in culture (DIC) neurons that
were allowed neuion-neuron contact displayed diffuse a^ immunoreactivity in
the soma as well as immunoreactivity concentrated in punctate structures within
neurites. Isolated neurons also expressed a1B at 8 DIC, but in contrast, the
distribution pattern was diffuse and non-punctate in neurites. This distribution
pattern was comparable to an "immature" pattern observed for 4 day neurons
which were allowed neuron-neuron contacts. To test whether the N-type calcium
channel subunits observed by immunocytochemistry form functional calcium
channels in neurons displaying the "immature" pattern, whole-cell patch clamp
experiments were performed. By 4 DIC a clearly detectable ooCgTx-sensitive
calcium current was present (24.6±3.5% block, n=6). These data suggest that Ntype calcium channel subunits are assembled into functional channels to be later
redistributed at sites of synaptic contact in response to signals provided by target
neurons.

After a sciatic nerve crush at birth the rat soleus muscle is permanently
weak.
The weakness is caused a) by loss of a proportion of its
motoneurones and b) by the failure of the surviving motoneurones that are
successful in reaching the muscle and reinnervate it 7 days later to expand
their peripheral field. Here we attempted to maintain new neuromuscular
contacts by applying leupeptin, an inhibitor of the calcium activated neutral
protease. This protease appears to be involved in the loss of neuromuscular
contacts during development and sprouting. This study shows that in
muscles treated with leupeptin the reduction in weight and force after nerve
crush at birth was significantly less than in those that were untreated.
Moreover, the leupeptin treated muscles had significantly higher numbers
of motor units than untreated muscles. In the leupeptin treated animals the
number of remaining motor units in the soleus muscle was 7.6 ± 0.7 (S.E.M.,
n=8), whereas in the NaCl treated animals soleus had only 3.4 ± 0.4
(S.E.M., n=10) motor units. Thus, protecting regenerating neuromuscular
junctions during early stages of reinnervation rescues motoneurones and
improves muscle recovery.
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FORMATION AND SPECIFICITY OF SYNAPSES II

701.9
SYNAPSE-FORMATION IN A GLIA-FREE CULTURE OF
DISSOCIATED CHICK CEREBRAL NEURONS. T.Taguchi*. X.-X.
Bo'. H. Taniguchi. K. Kivosue'. S. Kudoh'. S. Murase. Dept. Organic
Materials, Osaka Nat'l. Res. Inst., Ikeda 563, Japan, 'Fac. Eng. Sci.,
Osaka Univ. Toyonaka 560, Japan.
The roles of glia in brain have been regarded as important for not
only structural and nourishing support of neurons but also active
modulation of neuronal functions. In some recent reports, it was
shown that glial cells have a potential to mediate messages from a
postsynaptic cell to presynaptic one. To elucidate precise roles of glia
in neuronal systems, a glia-free neuronal culture is a useful system.
Although inhibitors of cell proliferations such as cytosinearabinoside
has so far been utilized, they were found to have toxic effects on
neuronal growth and survival. Therefore, we have developed a novel
procedure to prepare a glia-free neuronal culture system by adding
certain peptides containing a cell adhesion-relating sequence such as
RGD into culture medium. The synapse-formation in the culture was .
found to proceed in a similar way to that in the glia-containing one.
To form synaptic connection, a growth cone of an axon is thought to
recognize a specific target molecule such as cell adhesion molecules.
The results obtained in the culture indicate that a protein that recognizes
RGD sequence is not involved in the synaptogenesis in the culture.

701.11
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701.10
EXPOSURE TO PHENCYCLIDINE ALTERS MOTILITY AND THE
DEVELOPMENT OF IDENTIFIED NEURONS 'IN THE CHICK EMBRYO SPINAL
CORD. B, Mendelson* K.M. Martin and M.K. Bonner. Dept. of Anatomy, University
of Arkansas for Med. Sci., Little Rock, AR 72205.
Exposure to phencyclidine (PCP) during development often produces detrimental
effects including long lasting alterations in motor function. PCP is known to be a
noncompetitive antagonist of the N-methyl-D-aspartate (NMDA) receptor. We
have previously shown that embryonic exposure to another NMDA-receptor
antagonist, MK-801, disrupts the development of cutaneous nerve projections in
the chick spinal cord (Dev. Brain Res., 82:152-166). To determine if exposure to
PCP also induces alterations in spinal cord development, chick embryos were
exposed to PCP during the period when primary sensory afferents form
connections in the spinal cord. Groups of chick embryos were treated daily with
either: 1.0 or 10.0 mg/kg of PCP in sterile Tyrode's solution (physiological saline,
ST). Control embryos were treated with equivalent volumes of ST. Applications of
PCP or ST began in embryonic day 5 (E5) and continued until the animals were
sacrificed at E14. Embryonic motility was assayed daily at 5 time points: 15 min
before drug exposure, and, 15 min, i hr, 4 hr and 7 hr after drug exposure. Both
doses of PCP induced significant decreases in motility 15 min following PCP
administration. Motility recovered to control levels by 23.75 hr after drug delivery.
Following -sacrifice of the animals at E14, the pattern of cutaneous nerve
projections in the dorsal horn was determined by applying fluorescent tracers to
identified cutaneous nerves. PCP-treatment induced a dramatic alteration in the
organization of cutaneous nerve projections. The central projection formed by the
lateral femoral cutaneous nerve, which normally occupies only the ventral portion
of lamina 2 in lumbosacral segment 1, spread to occupy almost the entire cross
sectional area of lamina 2. These data suggest that some of the detrimental
effects of embryonic PCP exposure are due to inappropriate synapse formation by
primary sensory afferents in the spinal cord dorsal horn. (Supported by AA09205).

701.12

FUNCTIONAL CONNECTIVITY IN THE COCULTURED RAT
TRIGEMINAL SYSTEM. E. Gunhan-Aqar*. W. Guido. F.-S. Lo and R.S.
Erzurumlu. Dept. Anatomy and Neuroscience Center of Excellence, LSU
Med. Ctr. New Orleans, LA, 70112.
In explant cocultures of embryonic rat trigeminal ganglion (TG)wrth same
age whisker pad and more mature brainstem explants (slices through the
brainstem trigeminal nuclei ,BSTC), TG axons grow and arborize in both
targets (Erzurumlu et al., PNAS, 1993). Here we further characterize the
morphological and cellular aspects of this connectivity. Dil-labeled
trigeminal axons form small, well-defined arbors within the BSTC. Biocytinfilled BSTC neurons have smaR irregular shaped soma, smooth dendrites,
and simple dendritic branching patterns. Of interest was to examine the
membrane properties of BSTC neurons and determine whether TG input
gives rise to postsynaptic responses. Intracellular recordings indicate that
BSTC neurons exhibit overshooting action potentials, and at l^ast two after
hyperpolarizations,' an early fast one (Ic) and a late slow one (lahp).These
dampen the rate of depolarization and promote graded responses with
increasing stimulus strength, a feature that may help BTSC neurons sort
out various presynaptic inputs during development. Many BTSC cells have
low threshold (LT) Ca ++ spikes. Unlike those seen in mature neurons,
these are relatively smaH and lack burst firing. The presence of -LT spikes at
this age provides cells with large amounts of Ca ++ during active dendritic
growth and synapse formation. Stimulation of TG explants leads to
postsynaptic responses in BSTC neurons. Some cells have complicated
responses: at least two EPSP components (an early fast and slow late one)
and one relatively fast I PSP. In some cases postsynaptic responses trigger
LT spikes. Our results show that functional synaptic connectivity is
established in trigeminal cocultures, providing a unique means to study the
development of a highly ordered sensory pathway on a cellular level.
Supported by NSF 9396270 (W.G)and N.I.H. NS32195 (R.S.E.)

CHARACTERISTICS AND FUNCTIONS OF CAJAL-RETZIUS CELLS IN
ORGANOTYPIC SLICE CULTURES OF HIPPOCAMPUS AND NEOCORTEX.
J.A. Del Rio w, E. Soriano 0)H. Super (z, M. Frotscher (2, B. Heimrich (2 ^l) Dept,
of Cell Biology, Faculty of Biology, University of Barcelona, Diagonal 645, 08028
Barcelona, Spain. (2) Institute of Anatomy, University of Freiburg, P.O.B. Ill, D79001 Freiburg, Germany.
Cajal-Retzius cells are the most typical representatives of the marginal zonelayer I in the neocortex and hippocampus. These transient neurons disappear during
development, and their functions remain to be elucidated. Taking advantage of
calretinin-immunocytochemistry, a marker for Cajal-Retzius cells in the murine
cortex (Del Rio et al., Cerebral Cortex, 5:13), we investigate here the features of
these cells in slice cultures "in vitro", and address their developmental roles. Whereas
Cajal-Retzius cells in cultures taken from P0-P2 neocortex undergo cell degeneration
with a temporal sequence similar to that "in vivo", cells in the hippocampus persist
after long incubation periods. Since we have proposed that Cajal-Retzius cells in the
hippocampus may be involved in the attraction and targeting of developing entorhinal
afferents (Super and Soriano, J. Comp. Neurol., 344:101), we have analyzed the
development of the entorhino-hippocampal connections in co-cultures of entorhinal
cortex and hippocampus. Anterograde tracing of entorhinal afferents with biocytin
show that ingrowing axons overlap and are intermingled-with Cajal-Retzius cells,
establishing synaptic contacts. Further, cells in these co-cultures undergo cell
degeneration shortly after the ingrowth of entorhinal afferents. These results suggest
that Cajal-Retzius cells might act as guides for developing entorhinal axons, which
might in turn influence the degeneration of these transient cells. Efforts are currently
underway to determine whether the ablation of Cajal-Retzius cells in organotypic cocultures alters the pattern of termination of entorhinal afferents.

701.13

701.14

RECORDING ELECTRICAL ACTIVITY FROM HELISOMA BUCCAL
GANGLIA AND CENTRAL RING GANGLIA CULTURED ON A PLANAR
MULTIELECTRODE ARRAY. I. Kim*1, Y. Jimbo2, and A. Kawana2. ^ep. of
Biology, University of Southwestern Louisiana, Lafayette, LA 70504, and 2NTT
Basic Research Lab., Atsugi-shi, Kanagawa,243-01 Japan.
Recent advances in techniques for multisite recording and stimulation from
multiple extracellular microelectrodes allow simultaneous and chronic observation
of electrical activity of substantial populations of neurons. By using the planar
electrode array (PEA) system, the long term profile of electrical activity has been
recorded from both dissociated and organotypically cultured rat cortical neural
networks, and the periodical electrical stimulation through electrodes induced
bursting response in silent cultures of rat cortical neurons (A. Kawana et al., Soc.
Neurosci. 1994).
The merits of simultaneous chronical multi-site recording and stimulation are
utilized to study the dynamics of functional connectivity in cultured Helisoma
neural networks. In snail Helisoma, several observations suggested that patterned
neuronal activity in the buccal ganglia (BG) for feeding behavior receives descending
excitatory and inhibitory afferents from central ring ganglia (CRG: 5 pairs of
ganglion). In order to study the dynamics of functional connectivity and electrical
coupling between buccal pattern generator in BG and each ganglion of CRG, the
neural network among BG and each ganglion of CRG was generated on a planar
lithographically-patterned arrays of 64 electrodes. The electrodes (each size: 50x50
pm) were coated with platiunm black, and separated by 250 pm distance (Y. Jimbo
et al, IEEE Trans. BME). Isolated BG and CRG were trypsinized and ganglionic
conective tissues were desheated with an electrically sharpened microknife. The
desheated masses of BG and CRG were placed and cultured for the formation of
neural networks on the PEA. Each mass of ganglion covered around 4-16 electrodes,

PERFORATED PATCH RECORDING OF ACTION POTENTIALS IN
PITUITARY MELANOTROPES OF NEWBORN RATS. J.C. Gomora*.
G. Avila, A.Navaaete.A. IMarin an<d G. Cota. Dept. of P l^siol.,
Biophysics and Neurosciences, Cinvestav, Mexico, D.F. 07000.
We have previously reported that neonatal rat melanotropes generate
a pattern of voltage-dependent ionic currents characteristic of excitable
cells. We have also shown that sodium and calcium currents in these
cells undergo a marked inhibition concomitant with the onset of
dopaminergic innervation (Soc Neurosci Abstr 20:1685, 1994). In the
present study, we have used the nystatin perforated patch recording
technique to investigate whether non-innervated neonatal melanotropes
are electrically excitable. Cells were obtained from 2-day-old rats, kept
under culture conditions and then subjected to electrophysiological
recording within 6-48 h. Records were taken at room temperature from
a total number of 29 melanotropes. All of them showed spontaneous
subthreshold fluctuations of membrane potential. These fluctuations
were widely variable both in amplitude and duration from cell to cell.
The average value for the resting potential was -73 ± 4 mV. In addition,
55% of the recorded cells spontaneously generated fast, spike-like
depolarizations from the resting potential. These action potentials
frequently overshot the 0 mV level by 26±5 mV (n = 9) and were
triggered at an average rate of 1/min. In some cells, the repolarizing
phase of the fast spike was followed by a plateau longer than 200 ms
in duration. The average voltage level during the plateau was close to
-15 mV. It will be important to investigate whether the onset of
dopaminergic innervation modifies this pattern of electrical activity.

and the detected amplitude of electrical activity were ranged around 40 pV. The
dynamical changes of electrical activity of the desheathed mass of ganglion were
simultaneously recorded from multiple electrodes, and analyzed.
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702.1

WEDNESDAY PM

ONTOGENY OF FIRING PATTERNS OF DOPAMNE NEURONS IN SLICES.
G Mereu*. V. Lilliu. S. Vicini, A. Casula, W. Francesconi. M. Brunelli. and G.L.
Gessa. Dept, of Exp. Biology, Cagliary, Italy.
Bursts occurrence in vivo dopamine (DA) neurons is determined by N-Methyl-Daspartate (NMDA) tone in midbrain DA areas, while DA neurons, in slices exhibit
only a regular pacemaker pattern. However, application of NMDA and other EEAs
to slices from adult rats promptly increases the discharge frequency but fails to
modify the pacemaker pattern of these neurons. In our study, DA neurons showed a
biphasic, age-related, occurrence of bursting discharge. It increased from about 1%
at post natal day (PND) 5 to a transient peak of more than 30% at PND 18, and
rapidly decreased to zero after PND 45. In PND 15-21 slices, application of
glutamate or kainate elevated the firing rate without pattern modification. On the
contrary, NMDA (10-50 pM) activated discharge rate and also promoted burst firing
in both bursting and non bursting neurons. NMDA induced bursts were age-related,
maximal (37%) at PND 15-21, and NMDA increased the number of spikes in bursts
irrespective of age. NMDA effects were not seen in a Ca2+ free solution or in the
presence of NMDa antagonists. At PND 15-21, bath application of AP-5 reduced
spontaneous burst occurrence and firing irregularity in 11 out 19 neurons. Wholecell current-clamp recordings revealed spontaneous bursts in DA neurons at PND
15-21, superimposed on long (2-3 sec) depolarizing jumps. Low-threshold spikes,
generating bursts of action potentials, were elicited by either depolarizing, (at -65
mV), or at the offset of hyperpolarizing currents steps (at -80 mV). Using electrodes
filled with 145 mM CsCl, burst activity was paroxystically increased. In voltageclamp recordings, spontaneous miniature excitatory post-synaptic currents
(mEPSCs) were recorded in 8/12 bursting and in 1/10 pacemaker DA neurons at
PND 15-21. Addition of 100 |iM 7-C1-KA abolished the mEPSCs and produced an
outward current. Since burst firing modulates Ca2+ influx, thereby the Ca2+mediated DA release, the pharmacological manipulation of burst production might
provide new strategies for those pathologies related to DA system dysfunction,
including Parkinson's disease, abuse of drugs and schizophrenia. In addition, the
elevated NMDA sensitivity displayed by DA neurons during the critical third week
after birth might have relevance in NMDA-controlled phenomena, such as synaptic
plasticity, neuro-architecture and neurotoxicity.

702.2
ASPHYXIA DURING BIRTH INDUCES LONG-LASTING
CHANGES IN MESO-TELENCEPHALIC DOPAMINE
RECEPTORS OF THE MALE RAT.
aY. Chen, bM, Hillefors-Berglund. aB, Bielke. & CM. HerreraMarschitz. hg. von Euler and aK. Andersson*.
aDept. Internal Medicine, Karolinska Institutet, Huddinge Hospital,
141 86 Huddinge, Sweden, bDept. Neuroscience and cDept Physiology
& Pharmacology, Karolinska Institutet, Sweden.
Asphyxia was induced during birth to male Sprague-Dawley rat pups.
At an age of 4 weeks dopamine receptors were analyzed by quantitative
autoradiography in the mesencephalon (A9 and A10), the caudate
nucleus, the accumbens nucleus, and the olfactory tubercle. Mild (1516 min), as well as, severe (19-20 min) perinatal asphyxia reduced Dj
antagonist binding (pHJSCH-23390 in the presence of ketanserine) in
the accumbens nucleus, the olfactory tubercle and the A9 region, and
increased Di agonist affinity ([3H]dopamine in the presence of
raclopride) in the accumbens nucleus and the olfactory tubercle. Mild
asphyxia did not change D2 antagonist binding ([ 125I] iodosulpride) or
D2 agonist affinity ([3H]/V-propylnorapomorphine), while severe
asphyxia reduced D 2 agonist affinity in the accumbens nucleus. D3
agonist affinity ([3H]7-OH-D.PAT) was increased only following mild
asphyxia.
In conclusion, asphyxia during birth induces long-lasting changes
in dopamine receptor binding in the meso-telencephalic dopamine
systems, which may contribute to previously reported behavioral
changes. Perinatal asphyxia may thus be of importance for development
of neurodegenerative disorders.

702.3

702.4

DOPAMINE SYNTHESIS INHIBITION BY (±)-7-OH-DPAT IN STRIATUM,
ACCUMBENS, AND PREFRONTAL CORTEX IN DEVELOPING RATS. L
L. AnAnrses* *nd M, H, Teichcr, Departmern ofPsysyiatia\ HctfvrrdMMical
School, Laboratory of Developmental Psychopharmacology, McLean Hospital,
Belmont, MA 02178.
Dopamine (DA) synthesis modulation by the D3 receptor agonist (±)-7-OHDPa T was explored in striatum, accumbens, and prefrontal cortex of developing

3.6 KILOBASES OF THE 5' FLANKING DNA OF THE MOUSE TYROSINE
HYDROXYLASE GENE DIRECTS BRAIN-SPECIFIC BUT NOT
CATECHOLAMINERGIC-SPECIFIC EXPRESSION.
W.W. Morgan*.
Dept, of Cellular and Structural Biology, Univ. Texas Hlth. Sci Ctr. at San
Antonio, TX 78284-7762.
The expression of the tyrosine hydroxylase (TH) gene is regulated by very
precise molecular mechanisms which limit its activation to catecholaminei-gte
neurons located within the brain, the sympathetic chain ganglia and
paraganglia and to adrenal medullary cells. To study these processes,
approximately 3.6 kilobases (kb) of the 5' flanking DNA of the mouse TH gene
was inserted upstream of a E. coli (-galactosidase reporter (lac Z). This fusion
gene (TH3.6LAC) was introduced into one-cell embryos of C57BL/6 mice, and
transgenic mice were identified by PCR analysis. Analyses of fl-galactosidase
activity and the demonstration of TH3.6LAC mRNA by RNase protection
assays suggested that the chimeric gene was activated in every region of the
brain examined including the olfactory bulb, brainstem, hippocampus, cerebral
cortex, striatum, cerebellum and diencephalon, as well as the adrenal gland.
However, no evidence of TH3.6LAC activation was observed in the liver,
kidney, spleen, lung or thymus. Similar results were observed in different
transgenic founder lines. Histochemical analysis suggests that the reporter
gene is activated in catecaolaminergio and some selected noncatecaolaminergic nuclei of the brain and in the adrenal medulla. Therefore,
3.6 kb of the 5' flanking DNA of the mouse TH gene appears sufficient to direct
the expression of the lac Z reporter to the brain and the adrenal medulla but
not to limit this activation to catecholamine^c nuclei.
Supported by
GM43763.

rats (10 - 40 days of age) using the GBL autoreceptor model. GBL produced an
age-dependent increase in DA synthesis that was inhibited by (±)-7-OH-DPAT
(0.1 - 13.5 mg/kg) in all regions. In striatum 7-OH-DPAT exerted a greater
maxima! inhibitory effect at 10-20 days (85% inhibition) than at 30-40 days (61%
inhibition). 7-OH-DPAT inhibited DA synthesis by 66 % in the aooumbans, with
no significant change with age. In prefrontal cortex GBL increased synthesis
between 10-30 days, but had no effect at 40 days. 7-OH-DPAT inhibited DA
synthesis 60% between 10-30 days. Eticlopride antagonized the action of 7-OHDPAT in all regions, suggesting DA receptor mediation. These data confirm the
existence of synthesis-modulating autoreceptor function in prefrontal cortex that
recedes by 40 days. In all regions, the IC50 increased with age, indicating a
decrease in autoreceptor sensitivity with maturation. Curiously, the striatum was
more sensitive to the inhibitory effects of 7-OH-DPAT than the mesolimbic
below;
reg ions. (See
Tab le
IC5o
in
mg/kg)
PrefrontalCortex
Striatum
Accumbens
10 Days
«0.1
0.27 ± 0.20
«0.1
1.42 ± 0.46
15 Days
0.49 ± 0.32
0.79 ± 0.43
0.41 ± 0.14
2.97 ± 0.12
20 Days
0.95 ± 0.46
30 Days
0.44 ± 0.88
0.50 ± 0.09
3.71 ± 0.53
3.53 ± 0.64
40 Days
2.46 ± 0.25
Supported by MH-43473.

702.5
THE CREATION OF A TYROSINE HYDROXYLASE-NULL MUTATION. M,
Rios*. T. Sasaoka. D.M. Chikaraishi, and S. Roffler-Tarlov. Dept. of Anat. & Cell
Biol.; Dept, of Neuroscience, Tufts. Univ., Boston, MA 02111
Cells containing the catecholamines dopamine, norepinephrine, and
epinephrine are present in the central and peripheral nervous systems. Tyrosine
hydroxylase (TH), the rate limiting enzyme in catecholamine biosynthesis, is
persistently expressed by all catecholaminergic neurons and is transiently expressed
in some cell populations during development. The role of TH in tissues where it is
transiently expressed is not yet understood. The long term goal of the creation of a
TH-nuIl mutation is to expand our knowledge of catecholamine systems, transient
TH expression, and the putative role of catecholamines in neural development.
Tyrosine hydroxylase-null mutants were generated using homologous
recombination in embryonic stem (ES) cells. In order to disrupt the TH gene, a
polyadenylation trap targeting vector was made in which genomic sequence between
exons 6 and 8 of the mouse TH gene was replaced by a thymidine kinase-neomycin
(TK-Neo) cassette without a polyadenylation signal. This construct was transfected
by electroporation into D3 ES cells that were analyzed subsequently for the presence
of homologous recombinants. Three homologous recombinant clones were detected
among 371 neomycin-resistant clones, representing an efficiency of less than 1%.
Seven chimeras were generated from the two independent ES cell clones with
ES cell contribution estimated to range from 65-100% based on coat color. Among
the seven chimeras bred to C57B16 mice, five led to germ line transmission
producing heterozygous carriers that were used subsequently to breed the mutation
to homozygosity.
Lack of TH-null mutants in our first litters leads us to suspect that disruption
of the TH gene results in embryonic lethality in homozygous animals, confirming
the results of Zhou et al. (Nature, 1995, 374:640-643).
NS20181 and NS22675
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702.6
IN LAN-1 CELL LINE, TETRAHYDROBIOPTERINE INDUCES THE SYNTHESIS
OF DOPAMINE AND REDUCES THE SEROTONIN TURNOVER. A.Zuddas*.
V.Lilliu. C.Mancosu. M.R.Monsurro’°. G.Sorrentino°. U. di PorzioA. C.Cianchetti.
Child Neuropsychiatry, Dept.Neuroscience, Univ.of Cagliari, °Dept. Science Human
Communication, 2nd School of Medicine, Univ.of Naples,AIIGB-CNR, Naples, Italy.
LAN-1 is a human cell line expressing tyrosine hydroxylase, muscarinic Ml and M3
receptors, veratririne-sensitive sodium channels and they lack voltage-sensitive calcium
channel. To further ■ characterize the aminergic phenotype of these cells, we measured
the monoamine and metabolite content by HPLC, the high affinity uptake and the
veratridine-inducer release of [3H]dopamine. Immunocytochemical analysis using anti
Tyrosine Hydroxylase (TH) antibodies confirmed that several cell were TH-positive:
nevertheless, no dopamine (DA) nor DA metabolite (DOPAC and HVA) were found in
the cell omogenate. However, significant amounts of serotonin (5HT) and its
metabolite 5HIAA were measured in the cells (2.6 ±1.0 and 20.5 ±1.5 ng/mg protein
at 1 d.i.v. and 3.0±0.7 and 19.3 ±2.2 ng/mg protein at 4 d.i.v, respectively). The
presence in the culture medium of 5,6,7,8 tatrahydrobiopterine (THB, 10 mM),
cofactor for both TH and tryptophane hydroxylase, was able to activate the dopamine
syntesis: at 1 d.i.v, DA, Do Pa C and HVA contents were 8.7 ± 2.7, 1.1 ±0.1 and 0.3
± 0.1 respectively. Moreover, THB significantly decreased 5HIAA (24.9 ± 0.4 vs 8.1
± 1.5 ng/mg protein in control and THB, respectively, p<0.01). Similar results were
obtained in four-day old cultures. LAN 1 cells were also able to taken up exogenous
DA. After incubation with 50 nM [3H]DA, the specific [3H]DA uptake was
456.7+17.7 fmol/well and 1231.O+33.0 ftnol/well at 1 and 4 d.i.v. respectively. On
the other hand, in [3H]DA preloaded cells, veratridine (IOOp M) was unable to induce
dopamine release. Taken together these data indicate that LAN 1 cell express TH and
the cellular machinery for the high affinity dopamine uptake: in these cells, the
dopamine synthesis could be actvated by the presence of high concentrations of THB,
making this cell line an useful model of human diseases such as dopa-responsive
dystonia. THB is also able to reduce the serotonin turnover: this appears of particular
interest for studing the role of serotonin-dopamine interactions during normal
development and in the pathogenesis of human psychiatric disorders.

WEDNESDAY PM

NEUROTRANSMITTER SYSTEMS AND CHANNELS III

702.7

702.8

THE
SEROTONERGIC
SYSTEM
EXHIBITS
DISTINCT
DEVELOPMENTAL PATTERNS IN CORTICAL AND SUBCORTICAL
STRUCTURES. A. Dinopoulos \ I. Pori! and J.G. Parnavelas2 (SPON:

ANALYSIS OF THE EXPRESSION AND LOCALIZATION OF GLYCINE
RECEPTOR ALPHA2 SUBUNITS IN RAT SPINAL CORD WITH A
POLYCLONAL PEPTIDE ANTIBODY. M.V. Langston and P.A. St. John*
Dept, of Cell Biology & Anatomy, Univ. of Arizona, Tucson, AZ. 85724.
Glycine receptors (GlyRs) are pentameric proteins composed of alpha
and beta subunits. Molecular biological techniques have demonstrated the
existence of multiple subtypes of alpha subunits and have shown that
mRNA for alpha2 subunits is present in prenatal rat spinal cord.
Immunological assays also have suggested that GlyR alpha2 subunits are
present during early developmental stages in the rat spinal cord. Direct
demonstration of the presence and specific localization of alpha2
polypeptides has been lacking, however, due to the absence of an antibody
specific for this protein. We have raised a polyclonal antibody against a
10-amino acid peptide sequence, specific to the rat GlyR alpha2 subunit.
Using this antibody, we have performed experiments on different ages of
rat spinal cord neurons in vivo and in vitro to examine the expression of the
GlyR alpha2 subunit. Analysis by Western blots showed that expression of
the GlyR alpha2 subunit differed among the various developmental stages
of rat spinal cord neurons, both in vivo and in vitro, as expected from
previous results. In addition, confocal microscopy indicated that the GlyR

ENA). Dept. Anat., Vet. Sch., Univ. Thessaloniki, Greece!, Dept. Anat.,
University College London, U.K.
The serotonin (5-HT) innervation of the developing rat visual cortex (VC),
lateral geniculate nucleus (LGN), superior colliculus (SC), lateral septum
(LS) and basal forebrain (BF) was examined with light and electron
microscope immunocytochemistry. Comparisons between these areas showed
that: 1) the distribution pattern was established gradually in some areas
(LGN, SC, LS, BF), whereas in others (VC) it showed transient features; the
adult pattern of innervation was attained by the end of the third postnatal
week in all areas; 2) the types of synapses formed by 5-HT varicosities and
the nature of postsynaptic profiles varied according to age and area of the
brain examined; and 3) in all areas, the proportion of labelled varicosities
forming synapses increased from birth until the end of the second week,
declined markedly in the subsequent week before increasing again at a later
stage. These findings support the view that: 1) the organization of the 5-HT
system is related to the postsynaptic targets and, although arising in a small
number of neurons in the midbrain, is highly specific in many parts of the
brain; and 2) synapses formed by the serotonergic system during the first two
weeks of life may be related to the involvement of 5-HT in developmental
events, while those formed after the third week of life may be involved in the
mediation of neurotransmitter effects by this monoamine.

1781

alpha2 subunits are present on neuronal surfaces as early as embryonic day
14. In prenatal tissue, labeling was seen on most or all neurons, while in
adult tissue labeling was predominantly in motoneurons. Clustering of
GlyRs appeared to be much less striking than that previously demonstrated
in adult rat spinal cord. W’e conclude that the GlyR alpha2 subunit is
expressed on the surfaces of prenatal rat spinal cord neurons early in
development in mvo and at a comparably early time in vitro. (Supported by
NINDS #NS29657).
'

702.9

702.10

POSSIBLE POPULATION DIFFERENCES IN THE EXPRESSION OF
GLYCINE RECEPTOR a2 ISOFORMS BY EMBRYONIC RAT SPINAL
CORD NEURONS DURING DEVELOPMENT, M. D. Withers* and P. A.
St. John. Program in Neuroscience, Dept, of Anatomy, University of
Arizona, Tucson, AZ 85724.
Previous results radio-ligand binding assays, fluorescence microscopy
with monoclonal antibodies and whole-cell patch-clamp recordings provide
evidence for a change in the predominant expression of GlyR a subunits

HIGH-AFFINITY ADENOSINE A2 RECEPTOR MATURATION IN THE
RAT STRIATUM AND THEIR COUPLING TO G PROTEINS. J.L. Daval*.
J.F. Doriat and A.C. Humbert. INSERM U.272, 30 rue Lionnois, 54013
NANCY, FRANCE.
To study the cerebral development of adenosine A2a receptors, the specific
binding of [3H]CGS 21680, a selective agonist, was measured in striatal
membranes as well as in brain sections from the rat between birth and
adulthood. The distribution of [3H]CGS 21680 binding sites was analyzed by
autoradiography, and the functional coupling of A2a receptors to G proteins
was studied by the addition of a stable analogue of GTP, i.e. Gpp(NH)p. The
binding of [3H]CGS 21680 (0.2-80 nM) was assessed during a 90 min
incubation in Tris-HCl (50 mM, pH 7.4) containing 10 mM MgCl2 and 2
IU/ml adenosine deaminase in the absence or in the presence of 10 pM
Gpp(NH)p. In the striatum of adult rats, the total number of binding sites for
[jH]CGS 21680 reached 425±55 ffnol/mg prot, with a Kd of 15.3±1.5 nM.
A2a receptors were concentrated in caudate and accumbens nuclei, olfactory
tubercles and globus pallidus. Such a specific distribution was observed at all
developmental stages. At birth, the density of receptors was low but
detectable, around 3% of the adult value, and receptor affinity was 8-fold
higher than in adult (Kd=2.1±0.4 nM). The number of binding sites for
[3H]CGS 21680 increased with postnatal age to reach 16%o of adult value at 5
days, 30% at 10 and 15 days, and 69% at 25 days, respectively.

by embryonic rat spinai cord neurons from a relatively strychnine-insensitive
isoform, presumed to be a2*, to one or more strychnine-sensitive isoforms
one of which is shown to be a1. Recent experiments employing these
same three techniques on embryonic spinal cord neurons from a different
population of rats provide evidence for the predominant expression of
strychnine-sensitive GlyR isoforms at all times tested. [3H]-strychnine
binding is high on spinal cords and cultured spinal cord neurons from E14
rats while previous experiments on the original rat population showed no
detectable [3H]-strychnine binding sites on E14 rat spinal cords or on
neurons from these cords before four days in culture. Responses to
glycine by spinal cord neurons from the recent population of rats are also
completely blocked by 10 uM strychnine, while this concentration of
strychnine blocked responses to glycine by same-aged neurons from the
previous rat population by only 20 percent. Polyclonal antibody
experiments provide evidence for the expression of a GlyR a2 subunit at
early times in culture. These results provide evidence for the expression of
the strychnine-sensitive a2 isoform of the GlyR by embryonic spinal cord
neurons from the recent rat population at a time when a different populatior
showed expression of a strychnine-insensitive isoform of the GlyR.
(Supported by N!H and The Robert S. Flinn Foundation).

Concomitantly, Kd increased during brain development (4.5 nM at 5 days, 6.0
nM at 10 and 15 days, 9.8 nM at 25 days). Gpp(NH)p reduced significantly
Kd values at all ages (from 47 to 82%), showing that receptors are linked to
transducing proteins. Highest affinities of A2a receptors in the neonatal period
may reflect a specific role for these sites in the immature brain, and A2a
ontogeny contrasts with the developmental pattern of Ai receptors.

702.11

702.12

Differential Regulation Of Adrenergic Receptor Development By
Sympathetic innervation. Beth A, Habecker*. Nell M. Malec, and.Story C,
Landis. Dept. of Neurosciences, Case Western Reserve University,
Cleveland, OH 44106.
Alpha and beta adrenergic receptors (a and p AR) mediate the effects of
the sympathetic nervous system in peripheral tissues. Sweat glands are an
unusual sympathetic target, since activation of AR during early postnatal
development is critical for a target-directed switch of transmitter properties in
the sympathetic innervation, while the mature innervation elicits sweat
secretion through cholinergic stimulation of muscarinic receptors. Sweat
glands are an interesting system for the study of regulation of AR expression
because by postnatal day 21 catecholamines, which alter AR expression in
many in vitro studies of receptor regulation, are gone and the sympathetic
innervation contains acetylcholine, vasoactive intestinal peptide (VIP), and
calcitonin-gene-related peptide (CGRP). Alpha 1B and p2 receptors are
present in rat sweat glands; both receptor subtypes decrease after P21. This
timing raises the possibility that changes in the sympathetic innervation
influence receptor expression. Neonatal sympathectomy causes a partial
failure of a1 B downregulation, but has no effect on (32 levels. Therefore,
innervation-independent processes control developmental expression of a1
and (32, while an additional innervation-dependent mechanism contributes to
regulation of a1 receptors. Denervation at postnatal day 20, when the
sympathetic innervation is cholinergic and peptidergic, leads to retention of
adult ai receptors similar to that seen with neonatal sympathectomy, but
cholinergic blockade begun at P20 does not. These findings suggest that a
heterologous mechanism, possibly utilizing VIP or CGRP, mediates the
innervation-dependent portion of the developmental decrease in a1
receptors. Thus, multiple mechanisms, some utilizing the sympathetic
innervation, control adrenergic receptor levels during sweat gland
development. This work supported by NS23678 and NS09336.

HEME OXYGENASE ACTIVITY IN THE GUINEA PIG HIPPOCAMPUS,
CEREBRAL CORTEX, AND CEREBELLUM:
ONTOGENY AND ETHANOL
EXPOSURE. MN CookL HJ Vreman*. GS Marks*, K Nakatsu*,
DK Stevenson*, & JF Brief* *Dept. Pharmacology &
Toxicology, Queen's Univ., Kingston, Canada, K7L 3N6.
*Dept. Pediatrics, Stanford Univ., Stanford, CA 94305.
Heme oxygenase (HO) catalyzes the oxidation of heme to
carbon monoxide (CO) and biliverdin.
HO appears to be
involved in cell-cell communication via its regulation of
CO, a novel neuronal messenger, and heme, a key
constituent of nitric oxide synthase and soluble guanylyl
cyclase.
Ethanol CNS teratogenesis, a principal feature
of the fetal alcohol syndrome, may involve altered
function of HO during brain development.
The ontogeny of
HO activity in the hippocampus (H), frontal cerebral
cortex (CC), and cerebellum (C) of the guinea pig at
selected prenatal and postnatal ages and the effect of in
vitro ethanol exposure were determined.
Fetal guinea pigs
at gestational day (GD) 51 and GD 63 (term, about GD 68),
and adult guinea pigs were studied.
The microsomal
fraction of each brain region was analyzed for HO activity
by an optimized method which measures the NADPH-dependent
formation of CO from 25 /M methemalbumin at 37°C using a
gas chromatographic method to quantitate CO.
For each
brain region, HO activity was greatest (p < 0.05) in the
GD 63 fetus compared with the GD 51 fetus and the adult.
There was no difference in HO activity at each developmental age among the three brain regions.
In vitro
ethanol (25-100 mM) exposure of microsomes did not affect
HO activity.
The data demonstrate, for the guinea pig, a
distinct ontogenic profile for HO activity in the H, CC,
and C.
The effect of chronic prenatal ethanol exposure on
HO activity in these brain regions is being studied.
(Supported by the Medical Research Council of Canada).
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DEVELOPMENT OF THE RAT BRAIN HISTAMINERGIC SYSTEM IN
RELATION TO THE SEROTONERGIC AND CATECHOLAMINERGIC
SYSTEMS AND PROGRAMMED CELL DEATH. Anu Kinnunen » Institute of

EXPRESSION OF CALCITONIN GENE-RELATED PEPTIDE IN
AXOTOMIZED RUBROSPINAL NEURONS
T. Fukuoka. K. Miki. K. Noguchi*
Dept, of Anatomy & Neuroscience, Hyogo College of Medicine,
Nishinomiya , Hyogo 663, JAPAN
Axon injury induces an up-regulation in the synthesis of calcitonin
gene-related peptide (CGRP), as well as tubulin and GAP-43 in spinal,
facial, hypogrossal motoneurons. The rubrospinal neurons, that are
confined within the CNS, have also been shown to increase the expression
of tubulin and GAP-43 following axotomy. This study was designed to
examine whether CGRP expression is induced in axotomized neurons in
the rat red nucleus.
The cervical spinal cord of male Sprague-Dawley rats (140-200g) was
exposed between C1-C2 lamina arcus vertebrae, and the left lateral
funiculus was transected. Seven days after spinal hemisection, animals
were killed by decapitation, and the brains were processed for in situ
hybridization with radiolabeled oligonucleotide CGRP probe. Another
group of animals were killed by paraformaldehyde perfusion 14 days
after spinal hemisection. The change in CGRP-like immunoreactivity (LI)
in red nuclei was examined using immunohistochemistry.
In rubral neurons contralateral to the spinal hemisection, we could
detect neurons labeled for CGRP mRNA. There was no rubral neurons
expressing CGRP mRNA on the ipsilateral side. Immunohistochemistry
showed that the axotomized rubral neurons express increased CGRP-LI
compared to the contralateral neurons. These data indicate that axotomy
induces an up-regulation of CGRP synthesis in rubrospinal neurons,
suggesting that neurons in CNS may be capable of synthesizing a
neuropeptide de novo in response to the axonal injury.

In order to test the apparent spatio-temporal similarities in the distribution of the
different developing aminergic systems implicated by separate earlier studies, the
distribution of histamine-immunoreactive (HA-ir) neurons and nerve fibers was
compared to the distribution of 5-hydroxytryptamine- (5-HT) and tyrosine hydroxylaseimmunoreactive (TH-ir) ones in title developing Wistar -rat brain between embryonic
days 12 (E12) and 20 (E20) using a double immunostaining method. The authentity of
the immunohistochemically detected histamine of the developing brain was verified
using high-pressure liquid chromatography (HPLC) fluorometric method. Synthetic
oligonucleotide probes complementary to the rat histidine decarboxylase (HDC) were
used for determination of the origin of HA in the developing brain by in situ
hybridization.The immunohistochemical results revealed a transient co-localization of
HA and 5-HT between E14 and E18 within a subgroup of cells in the developing raphe
nuclei where also a positive HDC-hybridization signal was detected at El 6. From El 8
onwards the HA-ir neurons started to disappear gradually from the rhombencephalon
and could no more be seen at E20. No significant co-localization of HA and t H was

702.15

702.16

EXCITATION-SECRETION COUPLING IN CHOLINERGIC
NERVES WITHIN THE EMBRYONIC CHICK HEART. D. B. Gray.
C. .EteteePn..L^ldiestantLQ, PPctr**and./L. SSsa1- 1DDpartment of
Biology, Simmons College, Boston, MA; Department of Physiology and
Nnurobiology, Univ. of Connecticut, Storrs, CT 06269.
In embryonic chick atria, potassium-evoked secretion of acetylcholine
(ACh) from vagal and intramural parasympathetic neurons is calcium
dependent and blocked by dyhydropyridines (Gray et al., Soc.
Neurosci. Abstr., 1994). Incubation of atria with conotoxins such as
©GVIA or ©MVIIC at umolar levels had little effect on evoked ACh
release at 14 days in ovo, but both toxins blocked over 90% of
potassium-evoked ACh release at hatching. These data support the
hypothesis that calcium channels coupled to transmitter release change
from primarily L type to N type over hatching as in another
parasympathetic neurons in the avian ciliary ganglion. To confirm this
hypothesis for stimulation, ACh release was evoked from isolated atria
with field electrical stimulation from platinum electrodes. Electrodes were
connected to two grass stimulators and suspended in microfuge tubes
containing freshly isolated atria. Stimuli were administered at a pulse
frequency of 10 Hz, pulse duration of 20 msec, and stimulation period of
two min. Labeled ACh release evoked by field stimulation was
approximately 4 times higher than background and was calcium
dependent. Incubation with 10 urn nifedipine significantly inhibited
evoked ACh release from all atrial preparations: release from continous
stimulation was inhibited by 85%, while patterned stimulation using
pulse trains was inhibited by 65%. Although further pharmacological
analysis will test this possibilty it is clear that L type calcium channels
do play a prominent role in transmitter release in the embryonic heart.
Supported by The Catherine and Patrick Donaghue Foundation for
Biomedical Research.

DEVELOPMENT OF CHOLINERGIC RECEPTORS IN FOREBRAINS
OF RATS WITH 192 IgG-SAPORIN INDUCED CHOLINERGIC
DEFICITS. K.J. Clavtor, F, M. Leslie. R.G. Wiley. J. Yu* and R.T.
Robertson. Dep'ts. of Anatomy and Neurobiology, Pharmacology, and
Physical Medicine and Rehabilitation, Univ. California, Irvine, CA 92717,
and Lab. of Experimental Neurology, DVAMC, Nashville, TN 37212.
Previous work has demonstrated that an immunotoxin, consisting of
the 192 IgG antibody to the low affinity NGF receptor coupled to the
ribosome inactivating protein saporin, leads to the loss of basal forebrain
cholinergic neurons. This project is continuing to examine the effect of
early destruction of basal forebrain cholinergic neurons on development
of cholinergic receptors in postnatal rat cerebral cortex and hippocampus.
Injections of 192 IgG-saporin were made intraventricularly in SpragueDawley rat pups on postnatal day 0 (P0) and again on P2, At P8 or P21,
animals were sacrificed and forebrains were processed for receptor
autoradiography. AChE histochemistry and hemicholinium uptake were
used to verify extent of the cholinergic lesion. Results from studies of
hippocampus indicate a marked up-regulation of some forms of
muscarinic receptors, but not nicotinic receptors. Patterns of Ml and M2
receptor populations, as indicated by pirenzipine and AFDX binding,
appear no different in saporin treated and control animals. Binding of
NMS, in the presence of Ml and M2 blockers, indicates a marked upregulation of non-Ml and non-M2 receptors in hippocampus. Upregulation was most prominent in the dentate gyrus, moderate in CA1 and
CA2, and least in CA3. No changes in muscarinic receptor binding were
apparent in neighboring cingulate and somatosensory cortical areas.
These data indicate that the loss of forebrain cholinergic neurons

Biomedicine, Department of Anatomy, University of Helsinki, 00014 University of
Helsinki, Finland.

detected. The fate of the transiently HA-ir neurons was studied further using an in situ
apoptosis detection kit for DNA fragmentation. The preliminary results showed a positive
hybridization signal at El8 in the ventral pons rendering it possible that the
"dissappearing" HA-ir neurons with the same location could die apoptotically. As no
migrating HA-ir neurons were detected, an equally possible explanation is the change in
the phenotype of the HA-ir cells following the cessation of histamine synthesis in the
rhombencephalon. The study presented in this abstract was the 1994 winner of the
GBWestMemorial Competition.

produced by 192 IgG-saporin results in a selective alteration of
cholinergic receptors. Supported by NIH grant NS 30109 and the
Department of Veterans Affairs.

702.17

702.18

NEUROCHEMICAL PHENOTYPES OF POSTNATAL RAT MYENTERIC
NEURONS IN DISSOCIATED CELL CULTURE MJ. Saffrev*. K-H. Schafer§
Dept, of Biology, The Open University, Milton Keynes, MK7 6AA, UK. and
$Dept of Anatomy, University of Saarland, Hombuig, Germany
We have recently developed new methods for growing myenteric ganglia from
the postnatal rat small intestine in dissociated cell culture. These cultures contain
neurons, which can be identified by immirnolabelling with antiserum to protein
gene product 9.5 and glia, which can be identified by immumolatelling with
antisera raised against S100. We have previously shown that both basic fibroblast
growth factor and the adenosine analogue, 2-chfanoadenosine have trophic actions
on neurons in these cultural. However, different subpopulations of enteric
neurons were not investigated in this earlier work. In order to assess the suitability
of this model for the study of the actions of trophic factors on identified
populations of postnatal myenteric neurons, we have now studied the expression of
NADPH diaphorase activity and neuropeptides in these cultures. Myenteric ganglia
were separated from the muscularis externa of the small intestines of 7 - lOday old
rats by mechanical agitation of small pieces of tissue which had been treated with
collagenase. The isolated ganglia were then dissociated in trypsin, seeded on to
poly-L-lysine coated coverslips and grown in a serum-free culture medium. After 25 days in culture the cells were fixed in 4% paraformaldehyde and processed for the
histochemical reaction for NADPH diaphorase activity or immunolabelled using
antisera raised against vasoactive intestinal polypeptide (VIP), neuropeptide Y
(NPY) and methionine enkephalin (mENK). Populations of neurons in these
cultures were found to express NADPH diaphorase activity or VIP, NPY and
mENK immunrneacivity. These observations indicate that such cultures will be a
useful model for the study of the effects of neurotrophic factors on identified
populations of postnatal myenteric neurons.
1. K-K-Hhahea, MJ. Safitey and GGunmck (19999 Nornxepert 6 (6).

PRENATAL DEVELOPMENT OF NITRIC OXIDE SYNTHASE JN
THE MOUSE SPINAL CORD. G. Bruning*! S. Mazumder.l B.
Maver2 ^Dept. of Anatomy, Free University, D-14195 Berlin,
Germany, and ^Dept. of Pharmacology and Toxicology, Karl-FranzensUniversity, Graz, Austria.
The prenatal expression of neuronal nitric oxide synthase in the
mouse spinal cord was investigated by NADPH diaphorase
histochemistry and immunocytochemistry. Around embryonic day (E)
12, the first positive neurons were located in the intermediolateral
position of the thoracic and sacral spinal cord. Two days later,
presumed sympathetic cells were also located in an intermediomedial
position. Further, positive neurons were grouped around the ventricular
zone in the ventral part of the spinal cord. Between E15 and the first
postnatal days, a group of cells in the ventral horn of the cervical and
lumbar cord transiently stained for NADPH diaphorase. However,
attempts to stain this subpopulation of ventral horn cells by
immunocytochemistry failed.
Comparison with published data on the ontogenetic expression
pattern of choline acetyltransferase and GABA indicates that expression
of nitric oxide synthase starts after the cholinergic and/or GABAergic
phenotype is acquired. Regulatory functions of nitric oxide in the
development of the mouse spinal cord appear to be confined to later
stages of neuronal migration and differentiation.
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CHARACTERIZATION OF PC12 CELLS WHICH OVER- AND
UNDEREXPRESS S100A1. E. H. Cornwall*. P. D. Reynolds. C. M. Donald
and D. B. Zimmer. Department of Pharmacology, College of Medicine,
University of South Alabama, Mobile, AL 36688.
S100A1 is a small, acidic calcium-binding protein, which is expressed in
a variety of tissues and cells, including neurons. S100A1 modulates a number
of intracellular processes via interaction with target proteins such as glycogen
phosphorylase, aldolase and tau protein. Furthermore, documented increases
in S100A1 levels appear to be associated with unregulated cell growth. To
determine what cellular processes are regulated by S100A1, stable transfectants
of PC12 cells which over- and underexpress S100A1 have been prepared using
a mammalian expression vector which contains the S100A1 cDNA in the sense
(pSense) or antisense (pAntisense) orientation with respect to a cytomegalovirus
promoter. These DNA constructs were transfected into PC12 cells using
electroporation. Reverse transcriptase-polymerase chain reaction analysis
demonstrated that three clones expressed the pSense mRNA and three clones
expressed the pAntisense mRNA. Indirect immunofluorescence microscopy
showed that two clones which expressed the pSense mRNA had a greater
S100A1 antibody fluorescence staining when compared to control cells. Three
clones which expressed the pAntisense mRNA had decreased fluorescence
staining when compared to control cells. These results suggest that the
expression of the pSense and pAntisense mRNAs resulted in increased and
decreased S100A1 levels, respectively, in PC12 cells. Functional studies on
these clones will reveal which target proteins are regulated by S100A1.
Furthermore, these studies will provide insights into the consequences of
altered S100A1 expression and its role in disease progression. This research is
supported by a grant from the NIH (30660).

ACTIVIN TYPE IIA RECEPTOR mRNA EXPRESSION BY NEURONS
OF THE AVIAN CILIARY GANGLION. K. Kos. and J.N. Coulombe*
Dept. of Anatomy and Cell Biology, Uniformed Services University of
the Health Sciences, Bethesda, MD 20814
Previous studies in culture have suggested that the protein activin may
serve as a neurodifferentiation factor regulating the expression of
somatostatin in neurons of the avian ciliary ganglion. We therefore
sought to determine if any of the known activin receptors (ActR) are
expressed by developing ciliary ganglion neurons in vivo.
Oligonucleotide primers were designed for the chicken ActR type IIA
and type IIB. Both of these primer sets amplified bands of the anticipated
sizes in reverse transcription polymerase chain reactions (rtPCR) with
target RNA isolated from chicken ovaries. When RNA isolated from
ciliary ganglia was used as the target instead, only primers corresponding
to the ActR type IIA resulted in rtPCR amplification of an appropriately
sized product. This rtPCR product was subcloned and sequenced, which
confirmed it's identity as a fragment of the chicken ActR type IIA. It
thus appears that mRNA for the type IIA but not the type IIB ActR is
expressed in the chicken ciliary ganglion.
To examine what cell types contain mRNA for this ActR, digoxigeninlabeled riboprobes from the cloned ActR type IIA fragment were used for
in situ hybridization on cryostat sections of embryonic chicken ciliary
ganglia. Antisense strand, but not sense strand, ActR type IIA specific
riboprobes hybridized to cells within these sections. At the ages examined
(E6-E17), the hybridization of these probes appeared to be specific for
cells with a neuronal morphology. These results are consistent with the
hypothesized role for activin as a neurodifferentiation factor in vivo, and
imply that, within the ciliary ganglion, the ActR type IIA is specifically
expressed by neurons. (Supported by NSF IBN 9309932, USLTLS RO70DU)

703.3
EXPRESSION OF FGFR ISOFORMS IN THE DEVELOPING MURINE
NERVOUS SYSTEM
.
U.Greferath. Y.Brickman. B.Dowsine\ V.Nurcombe. P.Bartletr. and M.D.Ford.
Department of Anatomy and Cell Biology, University of Melbourne and+Walter and
Eliza Hall Institute, Royal Melbourne Hospital, Parkville, 3052 Victoria, Australia.
Acidic Fibroblast growth factor (FGF-1) and basic FGF (FGF-2) have potent effects
on the proliferation and differentiation of neural precursor cells. FGFs mediate
biological activity through tyrosine kinase cell surface receptors known as the
fibroblast growth factor receptors (FGFRs). A family of four, highly homologous
FGFR genes (FGFR 1-4) have been identified. Specific sequences encoded by separate
exons in the FGFR gene are alternatively spliced into the C-terminal half of loop III to
create various isoforms that have different binding affinities for the FGFs. There is
evidence that FGF action is regulated by spatiotemporal differences in the expression
of these FGFR isoforms. We have designed an RT-PCR assay to both detect
expression of the various isoforms of the FGFRs in the embryonic nervous system and
to generate isoform specific cRNA probes for use in RNase protection and in situ
hybridization analyses. An RT-PCR assay on mRNA from embryonic day 10 (E10)
neuroepithelium has shown that it expresses isoforms of FGFR1, 2 and 3, but not of
FGFR4. RT-PCR and RNase protection analyses on mRNA from an E10
neuroepithelium derived cell line (2.3D) demonstrated that the expression of FGFR1
Iliac is very high compared to the expression of other isoforms. The FGFR1 Iliac
isoform seems to be the only isoform in this cell line, which is used to poentiate the
action of FGF-2 (1). The distribution of FGFR protein is currently beeing investigated
using antibodies specific to FGFR1, 2 and 3.
1. Brickman, Y. et al., 1995, J.Biol.Chem. (subm)

703.4
FGF RECEPTOR IS A NUCLEAR PROTEIN - NOVEL MECHANISM FOR bFGF
ACTION. E.K. Stachowiak. E. Mordechai. A. Joy,. A. Schwart/. P. Maher". M.K.
Stachowiak. Bartow Neurol.lnst. Phoenix, Az 85013, “The Scripps Res.Inst. La
Jolla, CA 92037.
Traditionally growth factors (GFs) are thought to exert their biological effects
by interacting with plasma membrane receptors. However, some GFs including
bFGF, aFGF, or CNTF lack secretory signal sequences and are primarily cell
associated. Trans-synaptic or hormonal stimulation of adenylate cyclase in
bovine adrenal medullary cells (BAMC) leads to nuclear accumulation of bFGF
suggesting a direct nuclear function of bFGF (Stachowiak et al., 1994). To
determine how nuclear bFGF could exerts its biological effects we examined the
subcellular distribution of its receptors (FGFR). Immunoprecipitation with
antibodies against different types of FGFR showed that FGFR1 is the only type
expressed in cultured BAMC. Confocal microscopy and Western analyses of
fractionated BAMC demonstrated that FGFR1 protein is located predominantly
in the nucleus, with little cytoplasmic or plasma membrane localization. Nuclear
FGFR1 is represented by 103 kDa protein containing both the N-terminal (ligand
binding) and C-terminal (tyrosine kinase, TK) domains, and by 118 kDa and 145
kDa proteins recognized only with the N-terminal FGFR1 antibody. Consistently
with these results we detected high affinity ^l-bFGF-binding sites (kd=14 pM)
and bFGF-stimulated TK activity in nuclear extracts. Similarly as bFGF, the
FGFR1 colocalize with the nuclear matrix and nucleoplasm, but not with
chromatin. Electron microscopy revealed patches of FGFR1 colocalized with
bFGF patches within the interior of the nucleus. Treatment of BAMC with
forskolin induced parallel accumulation of bFGF, FGFR1 and bFGF-TK in the
nucleus. Nuclear translocation of bFGF and its receptors offers a novel
mechanism for GF action (Supported by NIH, NSF, APDA).

703.5

703.6

CHARACTERIZATION OF LIF-RECEPTOR (LIF-R)
ANTAGONISTS IN BIOLOGICAL ASSAYS. A.B. Vemallis*.
K. Hudson, and J.K. Heath. Dept. of Biochemistry, Oxford
University, Oxford, OX1 3QU, U.K.
LIF-R and gpl30 fligfmerize and activate intracellular signals in
response tf LIF, OSM, CNTF/CNTFR, and CT-1. Given the large
number ff ligands, antagonists ff LIF-R function would be useful in
probing the rfle ff LIF-R.
As a first approach, residues fn the A-helif ff human LIF, that are
analogfus tf site II ff human growth hfrmfne based fn the crystal
structures ff murine and human LIF, were substituted with alanine tf
generate a LIF mutant with reduced ability tf interact with gpl30.
The resulting mutant binds LIF-R with nfrmal affinity but has a
much lfwer nffidity ffr gpl30. In proliferation assays fn Ba/F3 cells
cftransfected with hLIFR and hgpl30, the mutant inhibited 50% ff
the prfliferatifn respfnse tf a submaximal dfse ff hLIF at a 30-100ffld excess ff cfmpetitfr. Respfnses tf OSM were alsf reduced.
Secfnd, in frder tf generate LIF-R that binds ligands but dfes nft
signal, the extracellular dfmain ff hLIFR was truncated after the
membrane-proximal hematfpfietin dfmain and fused tf the Fc
regifn ff human IgGl. This sfluble receptfr (LIFR-Fc) was
expressed in 293T cells and purified fn protein A. In Ba/F3 assays
the prfliferatifn respfnse tf hLIF was reduced by 50% at
approximately a 1000-ffld mflar excess ff LIFR-Fc.
Preliminary results suggest that bfth these an^g^is^ reduce the
hLIF stimulatifn ff the VIp prfmfter in IMR-32 neurfblastfma cells
indicating that the antagfdisto will be useful in studying the functifn
ff LIF-R in the nervfus system.

VIP ANALOGUE STIMULATES EMBRYONIC GROWTH THROUGH GTPINSENSITIVE BINDING SITES. TM. Hill*. D.A. Pibbem Ir., I. Gozes. M.
Fridkin and D.E. Brenneman. Lab. of Dev. Neurobiol. NICHD, NIH,
Bethesda, MD 20892; Dept, of Clinical Biochem. Tel Aviv Univ., Tel Aviv,
Israel; Dept, of Organic Chem. Weizmann Inst, of Science, Rehovot, Israel.
Vasoactive intestinal peptide (VIP) has been shown to act through GTPinsensitive binding sites to regulate embryonic growth during the early postimplantation period (Nature, 1993, 362:155; /. Clin. Invest. 1994, 94:2020).
Stearyl-norleucine-VIP (SNV), a novel VIP analogue which acts via cAMPindependent mechanisms, has recently been shown to enhance neuronal
survival (/. Pharm. Exper. Ther. 1995,273). The purpose of the current study
was: 1) to examine the action of SNV on the growth of cultured day 9.5 mouse
embryos; and 2) to compare the distribution of SNV binding sites in CNS
with GTP-insensitive VIP binding sites. SNV and GTP-insensitive binding
sites were determined by in vitro autoradiography with l25I-VIP in the
presence of 10’6M SNV or 10-5M GMP-PNP (a stable GTP analogue),
respectively, on adjacent sections. Treatment of mouse embryos in culture
with 10*7M SNV resulted in a significant increase in growth. SNV-treated
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embryos grew 3.7 somites during the four hour incubation period compared
with 2.2 somites by controls and 5.2 somites by lO'TM VIP. Embryonic growth
was not stimulated by treatment with the related peptide PACAP (10-9M10-7M). In vitro autoradiography revealed that SNV displaced 125I-VIP
only at specific sites in the CNS and those sites coincided with GTPinsensitive VIP binding sites identified on adjacent sections. Co-treatment
with both GTP and SNV resulted in the total displacement of radiolabeled
VIP from brain sections. These data suggest that VlP-induced stimulation of
embryonic growth is regulated, in part, through cAMP-independent
mechanisms and that SNV acts on GTP-insensitive binding sites in the brain.
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ALK-7, A NOVEL BRAIN SPECIFIC SERINE-THREONINE KINASE
RECEPTOR. M.Rvden. H.H. Jornvall., M. Trupp and C.F. Ibanez*
Laboratory of Molecular Neurobiology, MBB, Karolinska Institute,

A comparative study of two splice variants of the "neu"-regulin
family.
Y. Kuo* and L. Role.Integrated Program and the Department of Anatomy and
Cell Biology in the Center for Neurobiology & Behavior, Columbia Univ., P&S,
722 W„ 168th St. NY, NY 10032.
Proteins encoded by the neuregulin gene are comprised of multiple structural
and functional domains. Alternative splicing of neuregulin gene transcripts result
in over twenty protein isoforms. Some isoforms are predicted to result in proteins
with similar structural domains with different sequences. Work by Wen et al has
demonstrated that sequence differences between the a and (3 isoforms of the EGFlike domain result in proteins with different affinities for the receptor. Other
splice variants produce isoforms with significantly different predicted structures.
These differences in protein structure are likely to translate into differences in
functional properties.
We have cloned a novel splice variant of the neuregulin family which lacks an
immunoglobulin-like domain in its N-terminus (called nARIA). Instead, the
nARIA splice variant has a cysteine rich domain at its N-terminus. Furthermore,
the predicted amino acid sequence suggests that nARIA also possesses a signal
sequence, a structural motif present in only one other reported isoform (GGF). The
distribution of the nARIA message is also different from that of the otherwise
similar immunoglobulin-containing isoform, ARIA. To study the functional
differences of nARIA and ARIA, we have artificially manipulated the expression
and structure of these genes. (Supported by NS29071)

S-171 77 Stockholm, Sweden
Receptors for members of the transforming growth factor beta (TGF()-superfamily have been classified in three types, from which only type
I and II represent signalling receptors with intrinsic serine-threonine
.kinase activity. To isolate new members of this receptor family specific
for the nervous system, PCR was performed using primers derived from
conserved regions of ser-thr kinase domains using rat Pl brain cDNA.
Different fragments showing similarities to both type-I and type-II
receptors were found, one of these corresponded to a previously
nondescribed type-I ser-thr-kinase receptor which we have named ALK7. A full-length cDNA clone was isolated and shown to contain a 494

aa open reading frame displaying all the characteristic functional
domains of type I receptors. The amino-acid sequence of ALK-7 shows
up to 66% identity to ALK-4 and ALK-5. RNAse protection assays and
in situ hybridization demonstrated a highly specific pattern of
expression restricted to the central nervous system. ALK-7 mRNA was
predominantly expressed in postnatal cerebellum and hippocampus. In
vitro translation generated a major 55 kDa product, in accordance with
the predicted aa sequence. Ectopic expression in COS cells and 125 i _
surface labeling showed ALK-7 to be a surface protein. Receptor

reconstitution and cross-linking experiments are currently being
performed to determine whether any of the known members of the TGFP ligand superfamily, including TGF-(pl, TGF-(32/ activin, bone
morphogenetic proteins (BMPs) and glial cell line-derived neurotrophic
factor (GDNF), is a ligand for Al K-7.

703.9

703.10

ANALYSIS OF MUTANT PDGF RECEPTORS EXPRESSED IN PC12 CELLS
IDENTIFIES SIGNALS GOVERNING NA CHANNEL INDUCTION DURING
NEURONAL DIFFERENTIATION G.R. Fangefl*. R.R. Vaillancourt3. LE
Heasley4. J.P.R. Montmaveur). G.L. Johnson)’4 and R.A. Maue^2 Departments of
iBiochemistry and ^Physiology, Dartmouth Medical School, Hanover, NH 03755,
)Divison of Basic Sciences, National Jewish Center for Immunology and
Respiratory Medicine, and 4Deptartment of Pharmacology, Univ. of Colorado
Medical School, Denver, CO 80262
Although growth factors that stimulate tyrosine kinase receptors play an important
role in neuronal differentiation, the mechanisms by which this occurs are not well
understood. To identify signals necessary for the induction of voltage-dependent Na
channel expression, a crucial aspect of neuronal differentiation that can occur
independent of p2l/ras activation, patch clamp analysis and RNase protection assays
were used to analyze PC 12 cells stably expressing platelet-derived growth factor
(PDGF) receptors with mutations in tyrosine residues of the cytoplasmic domain that
associate with signaling molecules upon activation of the receptor. Mutations that
block activation of PI3-K, PLCy, GAP, and Syp did not alter the PDGF-mediated
induction of Na channel expression. However, mutation of tyrosines that associate
with members of the src family of kinases significantly inhibited induction of
functional Na channel expression in response to PDGF. Furthermore, mutations that
block association with src family members, in combination with mutations that block
PI3-K, PLCr, GAP and Syp activation, abrogated the PDGF-mediated induction of
type II Na channel a subunit mRNA, indicating that multiple signals generated by the
receptor contribute to this response. The results were due to the specific mutations
introduced and not simply the result of an overall decrease in receptor kinase activity,
since transin and c-fos mRNA were still induced by all of the mutant receptors
analyzed. The results provide insight into the signal transduction mechanisms
governing expression of type II Na channel a subunit mRNA and Na current density,
and mechanisms underlying neuronal differentiation. Supported by NS28767 to RAM.

Pregnenolone

Sulfate

Increases

The Growth

of

Hippocampal

Neurons . R. D. Brintor^and R. Gunawan. Dept. Molecular Pharmacology and
Toxicology, University of Southern California, Los Angeles, CA 90033
Pregnenolone sulfate (PS) has been found to be synthesized de novo in
oligodendrocytes of the hippocampus and cortex thereby providing locally
synthesized concentrations of this neurosteroid. PS has also been found to enhance
memory functions in mice and rats. Growth in the projections and synaptic
connections has been postulated to be one of the fundamental cellular mechanisms
involved in learning and memory. We therefore conducted experiments to determine
the impact of PS on the growth and morphology of hippocampal nerve cells. Results
of this investigation demonstrated that PS induced a significant increase in the
number of neurites and the total length of neurites (*p<.05, ** pc.Ol, ***p<.001).
Significant increases also occurred in the fine structure of the nerve cells. PS induced
a significant increase in the number of branches (*p <0.05, *** p<.001), in the total
branch length (*p <0.05, *** p<.001), in the number of bifurcation points emanating
from neurites (*p <0.05, *** p<.001) and in the number of microspikes (*p<.05, **
p<.01, ***p<.001). We pursued the mechanism of PS-induced nerve cell growth by
investigating the impact of blocking the NMDA glutamate receptor on PS-induced
hippocampal nerve cell growth. Preliminary results of these experiments indicate that
the growth promoting effects of PS (500 nM ** p<.01) are completely abolished in
the presence of the NMDA receptor antagonist AP5 (10 pM). In addition, our results
indicate that NMDA receptor activation is not required for normal nerve cell growth,
since the growth of neurons in the presence of AP5 was not significantly different
from control, but is involved in the potentiation of normal nerve cell growth. Results
of these investigations indicate that the neurosteroid, PS, can act as a significant
neurotrophic factor for hippocampal neurons.
Supported by grantsfrom the Norris Foundation and the Schuster Foundation to
R.D.B.

703.11

703.12

GANGUOSIDES REGULATE CYTOSKELETAL STRUCTURE AND PROTEINS
IN NEURO-2a NEUROBLASTOMA. L-J. Wana. R. Colella & F.J. Roisen.*
Anatomical Sciences & Neurobiol., Univ. of Louisville School of Med.,
Louisville, KY 40292.
It is well established that gangliosides enhance neuritogenesis of primary
neuronal tissues and several cell lines, but the exact mechanism remains
unknown. Our previous studies demonstrate that ganglioside exposure
simultaneously increases the microtubule network and neuritogenesis of
Neuro-2a ceils. A redistribution of MAP2 immunoreactivity from the
perikaryon to the distal processes occurs following 24 hr GM1 treatment. In
contrast, MAPS and tau immunolocalization remains unchanged.
Immunoelectron microscopy demonstrates that MAP2 is more closely
associated with actin-rich subcortical cytoplasm than with microtubules after
GM1 exposure (more MAP2 label per unit area was found in spine-iike
projections and in neurites). To determine if GM1 alters neuronal
development by regulating the induction of synthesis of the cytoskeletal
proteins or by targeting specific cytoskeletal proteins to distinct regions In the
neuron, protein and RNA analysis is in progress. Western blot analysis
reveals increased levels of acetyiated tubulin but not MAP2 following GM1
exposure. Actin mRNA increases in a GM1 dose dependent fashion. Studies
in progress examine the time dependent effects of GM1 exposure on actin
levels and topography via immunolocalization. Our data suggests that
gangliosides may be involved in the determination of dendritic or axonal fate
by selectively changing the distribution of MAP2, stabilizing microtubule
networks and increasing actin synthesis. It is possible that gangliosides
enhance neurite formation by altering the balance of microtubules and
microfilaments through MAP2-dependent mechanisms. Supported by Alliant
Community Trust Fund, Louisville, KY.

ANALYSIS OF RECEPTOR TYPE TYROSINE KINASE AND
ITS LIGAND DURING EARLY MOTONEURON DEVELOPMENT.
K. Ohta*, H. Iwamasa, M. Nakamura, N. lino, and H. Tanaka.
Divi. of Dev. Neurobiol., Dept, of Neurosci. and Immunol., Kumamoto
Univ. Grad. Sch. of Med. Sci., Kumamoto 862, Japan.
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Receptor tyrosine kinases (RTKs) play important roles
in cellular survival, proliferation, and differentiation. We have
isolated 19 RTKs by RT-PCR method from E5 chick motoneurons.
In situ hybridization analysis revealed that chick Sek, a member
of eph family, was expressed from E5 on motoneurons at the
brachial and lumbar segments of the spinal cord which innervate
limb muscles, and disappeared after the naturally occurring
cell death period (E6-E11). Immunohistochemistry using anti
-chick Sek monoclonal antibody showed the localization of
chick Sek protein at cell bodies and axonal fibers of motoneurons.
We also isolated a chick homolog of ELF-1, which was identified
as a ligand for both Mek4 and mouse Sek. Chick ELF-1 was
72% identical to mouse ELF-1. While the expression of chick
Sek was highly regulated in time and space, chick ELF-1
was widespread. The unique expression of chick Sek suggests
the involvement of it in the cell-cell interactions for specific
subpopulations of developing motoneurons.
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703.14

p55PIK,A NEW PI3K REGULATORY SUBUNIT ENGAGES IGF-I
SIGNALING
DURING
CENTRAL
NERVOUS
SYSTEM
DEVELOPMET.S.Pons.. LTorres-Aleman*.. M.F.White.
Joslin Diabetes Center, Harvard Med. School, Boston, MA, 02215
*Cajal Institute for Nerobiology. CSIC. Madrid. Spain.
Phosphatidylinositol (PI-3) kinase is implicated in the regulation of
diverse cellular processes, including neurite outgrowth in PC 12
pheochromocytoma cells. PI-3 kinase is composed of a 110-kDa catalytic
subunit and an 85-kDa regulatory subunit. Here we describe p55PIK, a
new regulatory subunit that was isolated by screening expression libraries
with tyrosine phosphorylated IRS-1. The p55PIK is composed of a unique

30-residue NH2-terminus followed by a proline-rich motif and two SH2
domains which contain homology to those of p85.
In contrast to the ubiquitous expression of the previously described
p85, expression of p55PIK is mainly in the central nervous system (CNS).
Maximum levels of expression are found
between 13.5-15.5dpc,
decreasing in subsequent developmental stages with only minimal levels
detected in the adult brain. High levels of p55PKe.xpression are temporally

and spatially coincident with neuronal differentiation in CNS
development.
The p55‘pK forms a stable complex with pi 10, and associates with

IRS-1 during IGF-I stimulation in both primary neuronal cultures and in
P19 cells differentiated to neuronal fate. The unique features of p55PK
suggests that it may be important in IGF-I receptor signaling during
neuronal differentiation.

703.15

EXPRESSION OF INTERLEUKIN-3 RECEPTOR ALPHA AND BETA IN
MURINE CENTRAL NERVOUS SYSTEM NEURONS. Y. Konishi*UT.
Kunishita C D.-H. Chui C S. Yonehara 2, K. Takahashi 1 and T. Tabira U 1
National Institute of Neuroscience, NCNP, Tokyo 187, Japan. 2 Institute for
Virus Research, Kyoto University, Kyoto 606, Japan.
We have previously reported that interleukin-3 (IL-3) is one of the
candidates for cholinergic neurotrophic factors (Neuron 4:429-436, 1990).
Since that report, it has been questioned whether IL-3 acts directly on
cholinergic neurons or indirectly on them via other populations of cells in
the central nervous system (CNS). We now demonstrate the expression of
IL-3 receptor (IL-3R) alpha (SUT-1) and beta (A1C-2A and -2B) in the
CNS neurons by means of reverse transcription and polymerase chain
reaction (RT-PCR) and immunohistochemistry, although the partial data on
IL-3R beta were already reported (Neurosci. Res. 19:S 137, 1994; Ini. J.
Dev. Neurosci. 1995, in press). RT-PCR followed by Southern blot analyses
revealed that the mRNAs for IL-3R alpha and beta are found in an
embryonic cholinergic septal cell line SN6 and primary cultured neurons
derived from the septal regions of embryonic mice. In contrast, a postnatal
cholinergic septal cell line SN49 expresses only IL-3R alpha mRNA, and a
postnatal non-cholinergic septal cell line SN52 expresses none of the
mRNA for IL-3R alpha and beta (SN6, SN49, SN52 are kind gifts from Dr.
B. H. Wainer, Albert Einstein College of Medicine, Bronx, NY). Actually
IL-3 elevates choline acetyltransferase (ChAT) activity in SN6 but not in
SN49, 52. These results indicate that IL-3 is utilized by cholinergic neurons
via a set of 1L-3R alpha and beta expressed in the cholinergic neurons. The
results were supported by immunohistochemical study showing that IL-3R
alpha and beta were found in cholinergic neurons of the basal forebrain.
(Supported partially by the Funds from the Science and Technology
Agency, the Health Sciences Foundation, and the Naito Foundation in
Japan.)

703.16

CHARACTERIZATION OF A NOVEL AUTOCRINE INTERACTION OF
HEPATOCYTE GROWTH FACTOR/SCATTER FACTOR AND ITS
RECEPTOR, MET IN SUPERIOR CERVICAL GANGLIA PRIMARY
CULTURE. X.-M. Yang', D. Belliveau1, J. Kohn1 M. Park2 and F.D. Miller1*.
1: Centre for Neuronal Survival, Montreal Neurological Institute, McGill
University, Montreal, Quebec, Canada. H3A 2B4. 2: Molecular Oncology
Group, Royal Victoria Hospital. Department of Oncology, Medicine and
Biochemistry, McGill University.
Hepatocyte growth factor (HGF)/scatter factor (SF) is a multifunctional
cytokine that stimulates mitogenesis, motogenesis, morphogenesis of a broad
spec trum of epithelial and endothelial cells. The HGF/SF cellular responses are
mediated by the Met receptor tyrosine kinase. To investigate the possible
biological function(s) of the HGF/SF and its receptor in the nervous system, we
chose to analyse the expression of the HGF/SF and its receptor in primaryculture of sympathetic neurons from the superior cervical ganglia (SCG). RTPCR demonstrated that sympathetic neurons express HGF/SF mRNA.
Moreover, condition media of sympathetic neuron cultures contained bioactive
HGF/SF as indicated using a scatter assay with MDCK cells. Sympathetic
neurons also synthesize met receptor mRNA, and immunofluoresence studies
indicate that the Met receptor is localized to both cell bodies and neuritic
processes. Thus, sympathetic neurons synthesize both HGF/SF and its receptor,
Met, suggesting the possibility of a novel autocrine loop. The possible
biological function of such an autocrine loop is under investigation in
sympathetic neurons in culture and in vivo.

EXPRESSION OF THE INTRACELLULAR DOMAIN OF THE P75
NE U ROTROPH IN RECEPTOR IN TRANSGENIC MICE PERTURBS
NEURONAL DEVELOPMENT. Freda D. Miller, Audrey Speelman, Christine
Zeindler, Shernaz Bamji. Daniel Belliveau, Christian Lachance, Andrew Gloster*.
and Philip A. Barker. Center for Neuronal Survival, MNI, McGill University,
Montreal, Canada H3A 2B4.
Intracellular domains of receptors can act as autonomous signalling units.
As a means of assessing p75 neurotrophin receptor signalling functions in vivo, we
.have produced fransgenic mice which overexpress the intracellular domain of p75
(ICD) within neurons. Specifically, we have utilized the Tal a-tubulin promoter,
which is expiessed at high levels in early developing neurons, and shows reduced
expression after neurons mature. Analysis of four lines of transgenic mice generated
using the TaLICD construct revealed that at least two of these lines express the
transgene at readily detectable levels. Animals from both lines display ptosis and
are smaller and noticeably less coordinated than their control littermates. In both of
these lines, the sensory and sympathetic ganglia are significantly smaller than in
control littermates. Cell counts revealed that transgenic sympathetic ganglia contain
approximately 30% fewer neurons than control littermates. Analysis of sensory
neurons of the DRG indicated 60% cell loss, preferentially of small neurons. To
determine whether the CNS of these animals is also affected, TaLICD mice were
crossed with a previously-characterized line of transgenic mice that expressed 8galactusidase from the same promoter (line K6, TalmlacZ animals, as reported in
Gloster et al.. 1 Neurosci., 14, 7319, 1994). Histochemical staining with Xgal
revealed that •';..e are significant perturbations in neuronal distribution throughout
the brains of the Tal :1CD mice. For example, the laminar distribution of neurons
within the cortex is disturbed and occasional clusters of blue nuclei are observed
within the white matter. The cellular basis for these perturbations in neuronal
development is currently under investigation.

703.17

703.18

A Cytoplasmic Homology Between p75LNTR, XNF-RI and the Fas
Antigen May Define Analogous Functional Domains. P.A, Barker*. C.
Zeindler, D, Krvl. C. Lachance. Center for Neuronal Survival. Montreal
Neurological Institute. McGill University, Montreal, Quebec. H3A 2B4
p75 LNTR was the first identified member of a superfamily of related receptors
which includes CD27, CD30, CD40, 4-1BB, 0X40, the fas antigen and the two

LAR RECEPTOR-DEFICIENT TRANSGENIC MICE: DECREASED LAR
EXPRESSION AND ABERRANT DENTATE GYRUS INNERVATION.
T. Yang1. T.T. Yeo2. L.L. ButcheA TS. Zhang1 and F.M. Lon go*1 NDept

tumor necrosis factor receptors (TNF-R1 and TNF-R2). The shared homology that
defines this group resides in conserved protein modules, termed Cys repeats, which
are present extracellularly. p75^NTR has recently been shown to signal
autonomously by stimulating production of the lipid second messenger, ceramide. In
this respect, p75 can be grouped with two other members of the TNF receptor
superfamily, TNF-R1 and fas.
Consistent with this conserved functional homology, we have found that the
intracellular domain of the p75 LNTR bears considerable sequence homology to the
previously described "death domain" of the TNF-R1 and fas receptors. Use of the
MACAW program (NCBI) reveals three regions of statistically significant
homology between these three receptors. All of these small domains are located
within the "death domain" region previously defined for TNF-R1 and fas. Parsimony
analysis indicates that p75RNTR and TNF-R1 are as closely related within this
region as are TNF-R1 and fas.
Motifs allowing receptor oligomerization are present within the TNF-R1 and fas
intracellular domains. To determine if the intracellular domain, or portions thereof,
are capable of self-association, interactions have been assayed in vitro using bacterial
fusion proteins and in vivo using the yeast two hybrid system. The identification of
this conserved intracellular domain within p75LNTR should aid futureinvestigations of the signaling capabilities of each of these related receptors.
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of Neurology, UCSF/VAMC, San Francisco, CA 94121 and NDept. of
Psychology, UCLA, Los Angeles, CA 90095.
Developmentally-regulated expression of the Leukocyte Common
Antigen-Related (LAR) tyrosine phosphatase receptor and neuronpreferential alternative splicing suggests that LAR regulates
mammalian neural development (Longo et al. SNS, 1991; Longo et al,
JBC, 1993; Zhang and Longo, JCB, 1995). LAR transgenic mice (DBA2/
129O1a hybrids) were created by W. Skames using a gene trap that
prevents synthesis of normal LAR transcripts (Centre Genome Research,
Edinburgh) and bred in our laboratory. Northern analysis of brain RNA
from LAR homozygous (-/-) transgenic mice showed trace or absent ~8kb
LAR transcript as compared to the wild type (+/+, DBA2). Dentate
gyrus innervation from basal forebrain was examined by immunohistochemistry using antibody against the p75 NGF receptor which colocalizes with cholinergic markers. In -/- mice we observed: i) reduction
of p75 immunoreactivity in the infragranular band; ii) disrupted
laminar pattern of fibers entering the granule cell layer; iii) fiber

thickening with aberrant beading in granular and polymorphic layers,
raising the possibility of a neurodegenera five process. Heterozygous
intercrosses will determine if strain difference account for any of these
abnormalities. These observations support our hypothesis that LARtype tyrosine phosphatases regulate neurite outgrowth and/or synapse
formation. Supported by an AFAR Beeson Award (FL), NIA R01 (FL),
VA (FL), French Fdn (TTY) and Retirement Research Foundation (LB).
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LAR TYROSINE PHOSPHATASE RECEPTOR: RNA AND PROTEIN
EXPRESSION OF LAR ALTERNATIVELY SPLICED ELEMENT-C
(LASE-C). I.S. Zhang*, I. Honkaniemi, T. Yang and F.M. Longo. Dept, of
Neurology, UCSF/Va Mc , San Francisco, CA 94121.

The Leukocyte Common Antigen-Related (LAR) tyrosine phosphatase
receptor contains Ig and fibronectin type III domains resembling those in
cell adhesion molecules mediating neurite outgrowth. Developmentally
regulated expression of rat LAR in neurons suggests a role in neural
development (Longo et al SNS Abst, 1991; Longo et al JBC, 1993). LASE-c
is a 27 bp alternatively spliced exon in the fifth fibronectin type III LAR
domain. Its splicing is regulated by development, NGF and denervation
and preferentially occurs in neural tissue (Zhang and Longo JCB 1995).
In-situ hybridization with a LASE-c probe which identifies the ~7 kb
LAR transcript on Northern blots showed diffuse neuronal expression at
birth. In adults, however, high expression was largely restricted to
subsets of neurons in the hippocampus and vestibular, reticular
thalamic, oculomotor and deep cerebellar nuclei. Northern analysis
showed markedly reduced LASE-c expression in cortex, hippocampus
and cerebellum during postnatal development. On Western blots,
affinity-purified antiserum raised against LASE-c peptide identified
the predicted 150kD LAR band and preferentially stained neurons in
dorsal root ganglia. LASE-c antibody also stained sciatic nerve neurites
and neurites and growth cones of cultured neurons. Expression of LASE-c
in specific subsets of neurons and presence of LAR protein with the LASEc domain in neurites and growth cones supports our hypothesis that
highly-regulated alternative splicing of LAR-type tyrosine
phosphatases regulates neurite outgrowth and/or synapse formation.
Supported by American Paralysis Association (FL) and n Ia R01 (FL).

PHOSPHORYLATION OF GP130 IN RESPONSE TO LEUKEMIA
INHIBITORY FACTOR OR MITOGEN STIMULATION OF 3T3-L1
CELLS. W.P. Schiemann*. and N.M. Nathanson. Department of
Pharmacology, Univ. of Washington, Seattle, WA 98195.

We have demonstrated recently that the human LIF receptor (LIFR) is
phosphorylated at Serl044 by mitogen-activated protein kinase (MAPK) in vitro,
and that heterologous receptor-mediated attenuation of LIFR-stimulated reporter gene
expression occurs through effects at Serl044 in vivo. We have constructed
bacterially expressed fusion proteins containing the entire or various cytoplasmic
regions of human gpl30, the p-subunit of activated LIFRs, and measured their
ability to serve as substrates in protein kinase reactions. We found that gpl30
fusion proteins, like those for the LIFR, were phosphorylated in extracts of LIF- or
growth factor-stimulated 3T3-L1 cells predominantly on Ser residues C-terminal to
box 3 in a dose- and time-dependent manner that mirrored the activation of MAPK.
The gpl30 protein kinase(s), however, is clearly distinct from activated MAPK
because: (i) gpl30 was an extremely poor substrate for active recombinant MAPK
in vitro; (ii) gpl30 phosphotransferase activity was readily separated from the
MAPK isozymes ERK1 and ERK2 following Mono Q or Superose 12
chromatography; and (iii) Ca++/phospholipid were required to reconstitute
phosphorylation of gpl30 fusion proteins in fractionated extracts. Additionally, we
find that pretreatment of 3T3-L1 cells with growth-factors coupled to activation of
the MAP kinase cascade blocked -75% of LIF-stimulated Tyr phosphorylation of
LIFR and gpl30. Preincubation of 3T3-L1 cells with phorbol ester or thapsigargin,
agents which activate the MAP kinase cascade in a cell surface receptor-independent
manner, also inhibited LIF-stimulated Tyr phosphorylation in LIFR
immunoprecipitates. Our results suggest that the gpl30 polypeptide is
phosphorylated by a protein kinase whose activation is tightly coupled to the
stimulation of MAPK, and that stimulation of Ser/Thr phosphorylation of LIFR and
gpl30 following activation of MAP kinase cascade-coupled receptor systems may
serve as a major regulatory switch governing LIFR signaling in vivo.

703.21
INTERLEUKIN-1P RECEPTOR MEDIATED NGF SECRETION
FROM RAT CORTICAL ASTROCYTES IN PRIMARY CULTURES
M Carmtm-Krzarf" V. Pahor D. M. Seliskkr. Dept. Plhimacology,
Medical Faculty, Korytkova 2, Ljubljana, Slovenia.
Interleukin-ip (IL-1P) is one of the most potent stimulators of NGF
secretion from rat neonatal cortical astrocytes in primary cultures . Our
previous studies showed that LL-ip acts at the level of NGF gene
transcription and suggested glial IL-1 receptor mediated mechanism
(Carman-KrZan M and Wise BC. J Neurosci Res 34, 1993, 225-232).

Using iodinated recombinant human IL-lp in the binding studies we
identified IL-ip receptors on the astrocyte cell population (BmiX=2.6 ±0.6
fmol/mg protein, Kd =2.58 pM). Further characterization of IL-ip receptors
on astrocytes with inhibition binding studies showed that rh IL-ip is the
most potent inhibitor (K,-=0.74 nM) followed by rh IL-IRa (K;=2 nM), rh
IL-la (Kf=7.9 nM) whereas rh IL-2 has no inhibitory action on [125I] rh ILip labeled IL-ip receptor. Their inhibitory action on IL-lp receptor is in
good correlation with their ability to induce or inhibit NGF secretion from
these cells: rh IL-1 p (10 U/mL) is the most potent activator of NGF
secretion from astroglial cells (3 fold over basal level) followed by rh IL-la.
rhIL-IRa and IL-2 alone failed to stimulate NGF release. Our further

studies showed that rh IL-1 p stimulated NGF release is inhibited by the
presence of rh IL-IRa in a dose dependent manner, confirming that IL-1
induced NGF secretion from astrocytes is IL-lp receptor mediated process.

NEURONAL DEATH VIII
704.1

704.2

Role of Interleukin ip converting enzyme in neuronal cell
death

GENE EXPRESSION IN NEURONS DURING PROGRAMMED CELL
DEATH. R. S. Freeman* and R. J. Crowder. Department of Pharmacology,
University of Rochester, School of Medicine, Rochester, NY 14642.
The expression of certain genes is upregulated during programmed cell death
(PCD) in sympathetic neurons deprived of nerve growth factor (NGF) (Freeman
et al., Neuron 12:343-355, 1994; Estus et al., J. Cell. Biol. 127:1717-1727,
1994). These genes are induced despite an overall decrease in RNA and protein
synthesis soon after NGF withdrawal. To identify other genes that are
preferentially expressed in dying neurons, we have utilized the technique called
differential display as a means of comparing the mRNAs present in NGFmaintained versus NGF-deprived neurons.
With this technique, we have
identified a new gene, termed DD1-X, that is upregulated after NGF withdrawal.
DD1-X mRNA levels begin to accumulate within 5 hours after NGF withdrawal
and peak at about 10 hours. To test the involvement of DD1-X (and other
genes, such as cyclin Dl, c-jun, c-fos, and c-myb) in the cell death process, we
have examined its expression in neuronal death paradigms that are independent
of NGF withdrawal. For example, cytosine arabinoside (AraC) kills postmitotic
neurons in a manner that resembles NGF deprivation except that the onset of
death is delayed by many hours. DD1-X, cyclin Dl, c-myb, c-fos, and c-jun are
all upregulated during AraC induced neuronal death.
Furthermore, the
induction of these genes is delayed relative to their induction during NGF
deprivation-induced PCD, consistent with their potential involvement in the cell
death process. To test DD1-X and cyclin Dl for a direct role in the mechanism
for PCD, we are attempting to inhibit their expression in NGF-deprived neurons
using antisense approaches.

Valeria Gagliardini, Weiwei Li, Mark Fishman? Junying Yuan

Cardiovascular Research Center, Massachusetts General Hospital,149 13th
Street, Charlestown, MA 02129

Interleukin-1 p converting enzyme (ICE), the mammalian homolog of ced-3,
is formerly known as the enzyme responsible for the production of IL-lp.
Recently our studies demonstrated that ICE activity participates in
neuronal cell death (CD) and inhibiton by crmA can delay this process
(Gagliardini et al., Feb 11 Science 263, 1994). In order to better understand

the role of ICE in programmed CD, we demonstrated an induction of ICE
during apoptosis in dorsal root ganglion (DRG) neurons. A basic level of ICE
was detected in neurons and the expression of ICE was upregulated in dying
neurons with condensed nuclei. The requirement of ICE/ced-3 family genes in
neuronal programmed CD is supported by the ability of the precursor of IL1P (pIL-ip) or mutant ICE with a point mutation in ICE active site (C to G),
that elimimate pIL-ip processing activity as well as autoprocessing, to
prolongue neuronal survival. Microinjection of the human pIL-ip gene as
well as the mutant form of mouse ICE into chicken DRG neurons was found to
prevent CD induced by deprivation of nerve growth factor. Neurons were
able to survive for 6 days often with neurites and healthy cell body.
These evidences suggest that ICE is playing a major role in neuronal CD.
Further experiments have to be done to understand whether additional
members of the ICE/ced-3 family are also involved in controlling neuronal
CD.
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704.3
PC12 CELLS, TRANSFECTED WITH CALBINDIN-D28k cDNA,
ARE PROTECTED FROM DEGENERATION CAUSED BY
SERUM WITHDRAWAL. A. McMahon. E. Lephart*. C.L. Liang,
and D.C. German. Dept Psychiat, UT Southwestern Med Sch,
Dallas, TX 75235-9070.
Calbindin-D28k (CALB) is a calcium-binding protein that is
found in many neurons, and it has been proposed to play a
neuroprotective role. We sought to identify a tissue culture
system in which to directly study the role of CALB. PC12 cells
normally express low levels of CALB, as detected by Western
analysis. After treatment with NGF, however, there was a
maximum 6 fold increase above control levels by 4 days.
Greater levels of CALB expression were obtained by stably
transfecting PC12 cells with a rat cerebellar CALB cDNA. Two

pools of cells were generated, calb-70 and calb-58, containing
> 100 fold increased CALB protein. These cells, and control
cells, were incubated for 24 hours in serum depleted media.
When cell integrity was assayed by measuring release of lactate dehydrogenase (LDH), control cells gave a 3 fold increase,
calb-70 cells a 2 fold increase, and calb-58 cells a 1.5 fold
increase. These data suggest that CALB: (1) can interfere with
apoptosis (since serum depletion kills cells by activating
apoptotic mechanisms); and (2) may be important in mediating
the neuroprotectant effects of NGF.

704.4
Nitric Oxide Generating Compounds Prevent the Death of
PC12 Cells and Primary Sympathetic Neurons Following
Withdrawal of Trophic Support. S.E. Farinelli. M.P. Joyce* and L .A .
Greene. Dept. of Pathology and Ctr. for Neurobiology and Behavior,
Columbia University, New York, NY 10032,.

We have used both the PC12 cell line and primary cultures of rat
sympathetic neurons as model systems to examine the mechanism by which
neuronal cells undergo apoptotic death when deprived of growth factors.
Previously we have provided evidence for a possible link between
uncoordinated cell cycle progression and apoptotic death in these systems
including data which suggests that certain cell cycle blockers protect cells
from death. Since it has been reported that nitric oxide .(NO) generating
compounds inhibit proliferation of a number of cell types, we proceeded to
test these compounds for their ability to protect PC 12 cells and sympathetic
neurons following removal trophic support. Two such agents S-nitroso-Nacetylpenicillamine (SNAP) and diethylenetriamine nitric oxide adduct
(DETA-NO) provide complete protection for at least two days following
removal of serum from naive PC12 cells while only 15% of the untreated
cells remained alive. These compounds also provided complete protection
for two days to neuronally-differentiated PC12 cells following withdrawal of
NGF in serum-free medium while only 50% of the untreated cells survived.
Treatment of primary sympathetic neurons with DETA-NO and SNAP
following withdrawal of NGF also resulted in significantly enhanced survival
relative to controls. A well understood target of NO action is guanylate
cyclase which is activated by nitrosylation of its heme prosthetic group. LY83,583, an inhibitor of guanylate cyclase, blocks the protective effects of
both SNAP and DETA-NO on serum-deprived PC12 cells without
preventing NGF-induced survival, suggesting that the protective effects of
NO may be mediated by elevated intracellular cGMP. (Supported by grants
from the NINDS).

704.5

704.6

INDUCTION OF /?53-DEPENDENT NEURONAL APOPTOSIS
BY THE ANTIMITOTIC CYTOSINE ARABINOSIDE, WHOSE
TOXICITY CLOSELY RESEMBLES DEATH BY TROPHIC
FACTOR DEPRIVATION. T.L. Deckwerth* and E.M. Johnson. Jr.
Washington University School of Medicine, Department of Molecular
Biology and Pharmacology, St. Louis, Missouri 63110, USA
Exposure of nerve growth factor (NGF)-maintained neonatal rat
sympathetic neurons to the antimitotic agent cytosine arabinoside
(araC) resembles death by NGF deprivation based on pharmacological criteria (Martin et al., J. Neurosci. 10: 184-193, 1990). Here
we show that the similarities between death by NGF deprivation,
which occurs by apoptosis (Deckwerth and Johnson, J. Cell Biol 123:
1207-1222, 1993), and by exposure to araC extend to several
biochemical and morphological parameters indicative of apoptotic
neuronal death. Similar to NGF-deprivation, araC-induced apoptosis
was accelerated in murine sympathetic neurons deficient in the death
suppressor bcl2. To determine whether araC might induce apoptosis
by inflicting DNA damage, we examined whether the gene dose of
the tumor suppressor p53, which triggers apoptosis upon excessive
DNA damage, would affect the kinetics of death after treatment with
araC. In the absence of p53, neuronal death by exposure to araC
was delayed significantly, consistent with a potential role for DNA
damage in contributing to araC-induced neuronal apoptosis.
Supported by the AT Children’s Project and NIH grant NS24769.

APOPTOSIS OF SERUM DEPRIVED PC12 CELLS AND NGF RESCUE:
EFFECTS ON AP-1 DNA BINDING ACTIVITY. L. Tone*. K. WerrbachPerez and J.R. Perez-Polo. Dept. of HBC&G, UT Med. Branch,
Galveston, TX 775554)652
We have previously reported that transcription factor AP-1 DNA binding
activity transiently increased and then decreased during apoptotic cell
death induced by serum deprivation. NGF, which rescues PC12 cells from
apoptosis, upregulated AP-1 binding activity persistently. Our hypothesis
is that impaired AP-1 DNA binding activity after serum deprivation may
contribute to Apoptosis in PC12 cells and that NGF may rescue cells via
maintenance of AP-1 DNA binding activity. K252a, an inhibitor of the Trk
receptor, abolished both NGF rescue of PC12 ceils and increases in AP-1
DNA binding activity. Enhanced AP-1 activity in the presence of combined
NGF and protein synthesis inhibitor cydoheximide treatment indicated that
there is persistent AP-1 activation due to posttranslatipnal modifications
of various . fos and jun proteins. Increased AP-1 DNA binding activity also
was persistent during InsuHn and cAMP-mediated survival of PC12 cells
after serum deprivation. In addition, there was a decline in AP-1 activity
in PC12 cells after NGF deprivation. Furthermore, retinoic acid, known to
have a repressive function on AP-1 activity, abolished NGF-mediated
rescue and increased the sensitivity of PC12 cells to serum deprivation.
Therefore, serum deprivation-induced cell death and NGF rescue correlate
with AP-1 DNA binding activity. Supported in Part by NINDS-NS18708.
This is publication 35Afrom USPHS grant P01 AG 10514 awarded by NIA.

704.7

704.8

REDUCING AGENTS PREVENT APOPTOTIC DEATH OF
TROPHIC-FACTOR-DEPRIVED PC12 CELLS AND
SYMPATHETIC NEURONS. C.Y.I.Yan*.G.Ferrari.and L.A.Gteene.
Dept, of Pathology, Columbia University, Coll, of P & S, New York,
NY 10032.
We have used serum-deprived PC 12 cells and NGF-deprived
sympathetic neuron cultures as models to study apoptosis elicited by
trophic factor withdrawal. In our paradigm, N-acetyl-cysteine (NAC)
maintains long-term survival of PC 12 cells and sympathetic neurons
and also inhibits PC 12 cell proliferation. NAC has been reported to be
an anti-oxidant that increases intracellular glutathione (GSH) levels.
However, several other anti-oxidants do not promote survival or
block proliferation, suggesting that NAC's actions cannot be
explained by its anti-oxidant properties. The NAC-mediated increase
in intracellular GSH also seemed unnecessary since depleting
intracellular GSH with buthionine sulfoximine did not affect NAC's
protective or anti-proliferative effects. An alternative explanation is
that NAC acts as a reducing agent. When we tested other compounds
with reducing properties, a number retarded death. Among the most
effective was 2,3 dimercaptopropanol (British anti-Lewisite). This
compound also blocked PC 12 cell proliferation. These findings
suggest that NAC prevents death by means of its reducing activity
and that other reducing agents may also inhibit the apoptotic pathway.
Finally, these data indicate that like NAC, other reducing agents
block DNA synthesis and this activity may account for their capacity
to rescue neuronal cells from apoptotic death. Supported by the
NINDS and ALS Foundation.

CHANGE OF INTRACELLULAR cAMP LEVELS IN SYMPATHETIC
NEURONS UNDERGOING PROGRAMMED CELL DEATH
I.Y.Chang* and V.V.KoroIev Dept Anatomy, Univ. Arkansas for
Medical Sciences, Little Rock, AR 72205
The survival and proper functioning of sympathetic neurons is
dependent on nerve growth factor (NGF). When immature
sympathetic neurons are deprived of NGF, they undergo an "active"
dying process usually termed "programmed cell death" (PCD), or
"apoptosis". Cyclic AMP or agents capable of increasing intracellular
cAMP can prevent this sympathetic neuronal PCD caused by trophic
factor deprivation. This trophic dependence is age-related such that
the cells become less dependent on NGF as they mature. Sympathetic
neuronal cultures derived from rat superior cervical ganglia were used
to study the relationship between intracellular cAMP levels and
neuronal cell death. With a cAMP radioimmunoassay, our results
indicate that as a neuron matures, the relative amount of cAMP per
cell increases concurrently. There is a 2-fold increase of cAMP levels
per cell when the cAMP levels from a 1-week- and 2-week-old culture
were compared. Removal of NGF in 1-week-old cultures, which
triggers the process of PCD, results in a decrease of intracellular cAMP
levels. NGF deprivation for 24 and 48 hours leads to a 50% and 75%
decrease of cAMP levels. In contrast, when these cells mature in
culture and become relatively NGF independent (i.e., 2-week-old
culture), NGF withdrawal does not lead to a drop of cAMP levels.
PACAP (pituitary adenylate cyclase-activating peptide), a
naturally occurring bioactive peptide, can increase cAMP levels in
these sympathetic neurons, and prevent neuronal cell death resulting
from NGF deprivation. (Supported by NIH NS32253)
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704.10

METABOLIC AND GENETIC ANALYSES OF APOPTOSIS IN
POTASSIUM/SERUM-DEPRIVED CEREBELLAR GRANULE CELLS
T.M. Miller* and E.M. Johnson. Jr. Department of Molecular Biology and
Pharmacology, Washington University School of Medicine, St. Louis, MO 63110.
Cerebellar granule cells may be maintained in serum-containing medium by
elevating (25 mM) extracellular potassium levels. Removal of both potassium
and serum after seven days in culture triggers a characteristic apoptotic death
(D’Mello et al., 1993, P.N.A.S. 90, 10989-10993) We have found that
removal of the serum has an important function in this model of apoptosis.
After 96 hours of potassium deprivation in the presence of serum, 40-45% of
the cells are still alive whereas more than 95% of the potassium/serum-deprived
cells have died by this time. Thus, while the nearly complete cell death of the
potassium/serum-deprivation system provides a convenient model, this system
is complicated by removing two sources of trophic support at the same time.
Metabolic and genetic parameters are being analyzed in the potassium/serumdeprivation model. Protein synthesis decreases precipitously after
potassium/serum-deprivation to less than 15% of control (25mM K+ plus
serum) at 12 hours, a time when approximately 50% of the neurons are
committed to die. Cells maintained in 25mM K+ without serum showed a slow

decline in protein synthesis to approximately 50% at 24 hours. C-jun, a . gene
required for cell death after trophic factor deprivation is also induced several

fold in potassium/serum-deprived cerebellar granule cells. Similarities and
differences in the pattern of gene expression in dying sympathetic and granule

neurons will be presented. Supported by NIH grants NS 24679 and AG 12947
and by the Washington University ADRC (P50 AG 5681).

704.11

DENSITY-DEPENDENT PROTECTION OF RAT
CORTICAL NEURONS FROM APOPTOSIS IN
SERUM-FREE PRIMARY CULTURES. N. Fukushima*.

H. Ueda, Y. Saaaki and Y. Misu, Dept. of Pharmacol.,
Yokohama City Univ. Sch. of Med., Yokohama 236,
Neurons are known to require exogenous signals, such
as serum, trophic factors or glial cells, for survival. We have
reported that the neuronal cell death, which occurs in the
serum-free primary cultures of rat cortex without any
supplements, was inhibited in a cell density-dependent
manner. In the present work we further characterized the
density-dependent inhibition of the cell death. When the rat
cortical cells were seeded at the low density (1 x 105
cells/cm2), the number of neurons (neurofilament-positive
cells) markedly decreased within 6 hours after seeding.
Since most of neurons were not stained with propidium
iodide, they were found to be viable. The eNA ladders,
biochemical feature of apoptosis, were detected 3 hours
after seeding. However, the rapid cell death was inhibited in
a density-dependent manner in the ranges of 1 to 5 x 105
cells/cm2. In addition, eNA laddering was inhibited in the
high density (5 x 105 cells/cm2) cultures. Both glial and
proliferative cells were negligible in all cultures. These
findings indicate that cortical neurons are protected from
apoptosis in a density-dependent manner under the serumfree condition.

704.12

SERUM SUBSTITUTES FOR ENDOGENOUS FACTORS
INVOLVED IN CELL DENSITY-DEPENDENT SURVIVAL OF
RAT CORTICAL NEURONS. Y. Sasaki^2*. H. UedaL N, Fukushima1.
T. Okada2. Y. Misul dDepartment of Pharmacology, Yokohama City
University School of Medicine, Yokohama 236, Japan, 2Intemational
Research Laboratories, Ciba-Geigy Japan, Takarazuka 665, Japan.
We have reported that survival of neurons was cell density-dependent
in the primary culture of rat cortex under serum-free condition in this
meeting last year. To examine mechanism of neuronal cell death at low
density culture (1 x 105 cells/cm2), we developed a new colorimetric
assay for survival, using Alamar Blue. Alamar Blue is a redox indicator
which yields a colorimetric change in response to chemical reductants
derived from living cells. At low density culture, the rate of neuronal
survival decreased to 20% of initial neurons at 15 hr. In this process of
neuronal cell death, genomic DNA laddering was observed, indicating
that neurons are dying in a manner of apoptosis. On the other hand,
more than 80% of initial neurons survived at higher density culture (5 x
105 cells/cm2) at 15 hr. In the presence of 10% serum, however,
survival of neurons increased at lower density and unchanged at high
density. As a result, there was no more density-dependent survival.
Survival of neurons at low density was increased by addition of 10%
serum only for initial 1 hr and deprivation of serum subsequently, while
the survival was not enhanced by the addition of serum at 1 hr after
seeding. These findings suggest that serum substitutes for endogenous
factors involved in cell density-dependent survival of neurons.

REGULATION OF APOPTOSIS IN THE NEURONAL LINEAGE OF MOUSE
OLFACTORY EPITHELIUM. J. D. Holcomb*. J.S . Mumm and A . L. Calof.
Dept. of Biological Sciences, Univ. of Iowa, Iowa City, IA 52242.
When olfactory epithelium (OE) is deprived of interaction with its target tissue,
the olfactory bulb (OB), cells in the OE die. We have characterized the timecourse
and extent of this induced cell death in vivo, following unilateral ablation of the
olfactory bulb (OBX) in adult mice, and in vitro, in cultures of dissociated
neuronal cells isolated from E16.5-17.5 OE. Cells undergoing apoptosis were
detected using end-labeling of fragmented DNA (TUNEL staining); 3H-thymidine
incorporation was used to label neuronal precursors, and cell type-specific
antibodies were used to distinguish different OE cell types. In vivo, cells at all
stages in the neuronal lineage of the OE — neuronal precursors, immature olfactory
receptor neurons (ORNs), and mature ORNs — were found to undergo apoptotic
death. Apoptosis occurs at low levels in all neuronal cell types in unoperated OE
and increases dramatically in all neuronal cell types at short times (24 hr)
following OBX; at long times (8 wks) post-OBX, however, apoptosis is increased
exclusively in mature ORNs. In vitro, tx)th neuronal precursors and ORNs undergo
apoptosis when cultured in the absence of OB or added trophic factors; this can be
inhibited by aurintricerboxylic add (ATA), a known inhibitor of apoptosis in
many types of cells. Both ATA and a membrane-permeant analog of cyclic AMP
(CPT-cAMP) promote survival of a substantial fraction of cultured ORNs at 72
hrs in vitro. Survival of ORNs is also promoted by certain neurotrophins (BDNF,
NT-3, and NT-5, but not NGF), although none promote survival to as great an
extent as ATA or CPT-cAMP. Consistent with this, expression of trkB was
observed in a subset of ORNs in neonatal OE. These results suggest that apoptosis
is a mechanism for regulating cell number at all developmental stages in the ORN
lineage, and implicate one class of polypeptide growth factor — the neurotrophins
— in this process. We are currently testing neurotrophins in vivo, to determine
whether they can rescue ORNs from apoptotic death induced by OBX.
Supported by NIH Grants NS32174 (ALC) and DC00040 (NRSA to JDH)

704.13
CEP1347 PREVENTS CELL DEATH INDUCED BY NGF-DEPRIVATION IN DORSAL ROOT GANGLION NEURONS AND PC12
CELLS IN CULTURE M.A. Glicksman1*. M.E. Fortes1. T. O’Kane1. C.

BASIC FIBROBLAST GROWTH FACTOR PREVENTS THE
LOW POTASSIUM-INDUCED APOPTOSIS IN THE
CULTURED CEREBELLAR GRANULE CELLS. H. Amino*. H.

Murakata2. N.T. Neff1. D. Bozvczko-Covne . 1Cephalon. Inc. West Chester,
PA 19380: 2Kvowa-Hakko Kogvo. Tokyo. Japan
Dorsal root ganglion neurons and PC 12 cells maintained in the presence
of nerve growth factor (NGF), undergo cell death upon its removal. The
indolocarbazole alkaloid, K-252a, and a structurally novel analog,
CEP1347, promote survival and/or differentiation in a variety of neurons in
vitro (J.Neurochf^m.^1:201,1993,64:1502,1995).
to addition, CEP1447
prevents embryonic and postnatal programmed motoneuron death in vivo
and prevents the loss of ChAT immunoreactivity in axotomized adult
hypoglossal motoneurons (Soc. Neurosci. Abstr.1994,1995). To determine
effects of such small “neurotrophic" molecules on cell death thought to be
primarily due to apoptotic mechanisms, two in vitro systems were
employed. In chick embryonic (E9) dorsal root ganglion cultures, K-252a
and CEP1347 rescued >50% of the neurons lost after NGF withdrawal
(compared to rescue by readdition of NGF). K-252b, a related compound
that has no direct effect on the survival and/or differentiation of neurons in
vitro, showed no protective effect. In PC12 cells, CEP1347 also rescued
cells from death after NGF withdrawal, while KT5823, a "non-neurotrophic"
analog, had no effect. Actinomycin D partially reduced cell death in both
models, suggesting that the cell death may be dependent on RNA
synthesis, and a cAMP analog (8-(4-chlorophenylthio)cAMP) prevented cell
death in both models. These data support previous findings that CEP1347
prevented cell death in vitro and in vivo. Furthermore, since cell death in
these models is thought to be primarily due to apoptotic mechanisms,
CEP1347 may interfere with this process.
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Saito and N. Nishivama. Dept, of Chem. Pharmacol., Fac. of
Pharmaceut. Sci., The Univ. of Tokyo, Tokyo 113, Japan.
Apoptosis, which is characterized morphologically by chromatin
condensation, and cytoplasmic and nuclear shrinkage, is one of the pathways
of cell death. Cultured mature cerebellar granule cells, isolated from 8-dayold postnatal rat, die by apoptosis when deprived of depolarizing
concentration of extracellular potassium (25 mM). We here investigated the
effect of basic fibroblast growth factor (bFGF) on this neuronal apoptosis.
Exposure of cerebellar granule cells to bFGF (0.01-10 ng/ml) protects
cultured cerebellar granule cells (DIV 7), maintained in the presence of
physiological concentration of potassium (5 mM), from apoptotic cell death
in a concentration dependent manner. This antiapoptotic effect was not
mimicked by several other neurotrophic factors, acidic FGF, nerve growth
factor and brain-derived neurotrophic factor at the same range of
concentration. The trophic action of bFGF was remarkably and significantly
blocked by tyrosine kinase inhibitors, herbimycin A and lavendustin A.
Protein kinase C inhibitors, straurosporine and H-7, also reversed the
protective effect of bFGF, whereas protein kinase A inhibitor, H-89 had no
effect. Moreover, neither ionotropic nor metabotropic glutamate receptor
antagonists block the antiapoptotic effect of bFGF. These results suggest that
bFGF prevents the neuronal apoptosis induced by low potassium in cerebellar
granule cells through activation of FGF receptor tyrosine kinase and protein
kinase C. It is interesting to speculate that FGF or FGF-iike molecules are
released in para- or autocrine fashion to prevent the apoptotic cell loss of
granule cells in a living rat cerebellum.
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704.15
PROTEIN KINASE INHIBITION INDUCES APOPTOSIS IN
DEVELOPING RETINAL NEURONS . L. Colombaioni. * Istituto di
Neurofisiologia del CNR, 56100 Pisa, ITALY.
Isolated retinas from newborn Po-P3 rats are an useful model system
for the study of trophic-dependent selection process that occurs
during early phases of neuronal development. Culture conditions have
been found in which, following serum withdrawal, retinal ganglion
cells rapidly undergo death showing morphological and functional
characteristics of apoptosis. It is known that neurotrophins promote
survival of developing neurons by binding to Trk receptor protein
tyrosine kinase, but it is also known that the direct activation of
protein kinases often fails to inhibit apoptosis. At the aim of further
investigate the role of protein kinase pathway in neuronal death,
retinas isolated in serum free medium have been exposed for 3-6
hours to protein kinase inhibitor staurosporine 50-100 nM, a dose
considered to inhibit selectively protein kinases C. This treatment
remarkably accelerated the time course of ganglion cell death. Under
these conditions of protein kinase C inhibition, survival promoting
action of serum was lost. These data indicate that prevention of
neuronal apoptosis requires activation of protein kinase C pathway.
Since other reports indicate that this is not sufficient to prevent
neuronal death, it is suggested that simultaneous activation of
multiple signaling pathways could be required for neuronal survival.

704.17
PHARMACOLOGICAL AGENTS THAT MODIFY
OXIDATIVE STRESS PROMOTE
MOTONEURON
SURVIVAL DURING DEVELOPMENT. R.W. Oppenheim* J
Hong. J. Caldero. C. Milligan. A. Newsome. L.Llovd and Cl
Prevette. Wake Forest University Medical School, Winston
Salem, NC 27157
Developing spinal motoneurons (MNS) in the chick embryo
undergo normal programmed cell death (PCD) in vivo and
following trophic factor deprivation in vitro. Previous in vitro
studies of other neuronal and non-neuronal cells have suggested
that increased oxidative stress may be involved in the pathway
leading to PCD. We have begun to examine whether oxidative
stress is also involved in the normal PCD of chick MNS in vivo
and in vitro. Preliminary studies with one anti-oxidative agent,
N-acetylcysteine (NAC), indicates that treatment of chick
embryos in ovo during the normal period of MN cell death
significantly reduces the number of dying (pyknotic) cells and
increases the number of healthy MNS present at the end of the
cell death period. Studies are in progress to examine other antioxidants and to determine their mode of action (and that of
NAC) in preventing the PCD of MNS.

704.19
EFFECTS OF NEUROTROPHIC FACTORS ON THE SURVIVAL
OF SENSORY NEURONS FOLLOWING AXOTOMY IN THE
NEONATAL MOUSE. L. Li*. A.C. Lo. M. Lei. R.W. Oppenheim
and L.J. Houenou
Dept, of Neurobiology and Anatomy, Bowman Gray School of
Medicine, Wake Forest University, Winston-Salem, NC 27157.
Extensive neuronal death results from peripheral nerve section
during the early period of postnatal development in mammals.
Recently, it has been reported that a number of neurotrophic factors
including BDNF, NT-3, NT-4/5, CNTF, IGF and GDNF promote the
survival of axotomized motoneurons in vivo. The present study is
aimed at determining whether these neurotrophic factors also rescue
axotomized sensory neurons in the neonatal mouse. Our results show
that approximately 25% of neurons in the lumbar spinal segment 4
dorsal root ganglion (DRG) died following sciatic nerve section in 5
day old mice, when examined one week after surgery. Several
neurotrophic agents including: NGF, BDNF, NT-3, CNTF, IGF-1
were able to promote the survival of axotomized DRG neurons.
However, GDNF, previously shown to rescue axotomized
motoneurons, was ineffective in rescuing sensory neurons from
axotomy induced cell death. Our findings extend previous reports on
the effects of neurotrophic agents on axotomized motoneurons and
sensory neurons and suggest that some of these agents may be useful
in the treatment of diseases and injuries affecting sensory neurons.
Supported by Grants from NIH and MDA.
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704.16
INSULIN-LIKE GROWTH FACTOR IS REQUIRED FOR SPINAL
MOTONEURON SURVIVAL FOLLOWING SCIATIC NERVE AXOTOMY.
S.-F. Pu*. H.-X. Zhuang. D. J. Marsh and D. N. Ishii. Dept. of Biochem. and
MoL BioL & Dept. of PhysioL, Colorado State University, Fort Collins, CO 80523.
The long-term disconnection of motoneurons from muscle targets is known to
result in the death of motoneurons in humans. Several lines of evidence, dating
from the time of Ramon y Cajal, support the inference that axotomy may deprive
motoneurons of soluble neurotrophic substances present both in nerve and
muscle. There is a pressing need to identify these substances. We previously
showed that insulin-like growth factors (IGFs) are neurotrophic factors, and that
IGF mRNAs are increased in nerve and muscle following nerve crush. We tested
the inter-related hypotheses that (i) IGF-II can support the survival of postmitotic
motoneurons, and (ii) endogenous IGFs normally support the survival of
motoneurons. Following sciatic nerve transection in postnatal rats, various
substances impregnated in gel foam were applied to the proximal nerve stump.
The number of motoneurons were counted in spinal cord sections after 6 days.
Recombinant human IGF-II supported the survival of motoneurons, whereas an
anti-IGF-II antiserum as well as IGF binding protein-4 increased their death
relative to vehide-treatment (P < 0.05). The latter results showed that the activity
of endogenous IGF within or dose to nerve is required for the survival of injured
motoneurons. Although the administration of other exogenous factors may
support motoneuron survival, this is the first demonstration that an endogenous
neurotrophic factor contributes to survival following nerve damage. These results
may explain the observation that the degree of survival is proportional to the
length of the remaining nerve stump following transection. IGF is produced in
nerve Schwann cells, and more IGF would be available to axons following distal
vs. proximal nerve transection. (Supported by American Paralysis Assodation
Grant PA1-9401 and NINDS Grant PO1 NS28323)

704.18
MECHANISM OF THE OSMOPROTECTIVE EFFECT OF IGF-I IN
HUMAN NEUROBLASTOMA CELLS. C. C. Matthews* and E. L.
Feldman Dept, of Neurology, Univ. of Michigan. Ann Arbor, MI
48109-0588
We have previously shown that exposure to media made
hyperosmotic by the addition of mannitol or NaCl significantly
decreased the number of viable SH-SY5Y human neuroblastoma cells
within 24 hrs. In contrast, low concentrations of IGF-I preserved cell
viability under hyperosmotic conditions. In the current study, we have
examined the mechanism of the IGF-I osmoprotective effect.
The IGF-I osmoprotective effect was virtually eliminated by adR3, a
blocking antibody to the type I IGF receptor. Hyperosmotic conditions
caused cell cycle arrest of the cells as measured by the rate of 3h thymidine incorporation and flow cytometry. Addition of lOnM IGF-I
protected the cells against hyperosmotic death without stimulating
DNA synthesis.
Programmed cell death (PCD) can occur by withdrawal of an essential
external signal such as a growth factor. As determined by flow
cytometry, several days of serum deprivation in isotonic media did not
precipitate PCD. In serum-free hyperosmotic media, PCD was initiated
in 40% of cells in 24hrs and 80% in 72hrs. In hyperosmotic media
containing lOnM IGF-I, apoptosis occurred in only 12% of cells in
48hrs and 20% in 72hrs. Collectively, our results show that IGF-I acts
as a neuronal osmoprotectant by' protecting the cells against PCD.
These data suggest a potential therapeutic role for IGF-I in diabetic
neuropathy or other conditions that lead to hyperosmotic states.

704.20
GDNF AND BDNF PROTECT A CATECHOLLAIINEGIC CELL
LINE (CATH.a) FROM DOPAMINE INDUCED CELL DEATH.
L. Gong*, H, Kulaqa. A. Adams. R.J. Wyatt and
J,M, Mast^irano. Neuropsychiatry Branch, NIMH
Neuroscience
Center
at
St.
Elizabeths,
Waahington, D.C. 20032.
Glial cell line-derived neurotrophic factor
(GDNF) and brain-derived neurotrophic factor
(BDNF)
promotes
survival
of
dopaminergic
neurons in primary cultures and protect these
neurons from the neurotoxic effects of 6-OHDA
and MPTP.
We
are using a
CNS
derived
catecholaminergic cell line (CATH.a) as a model
to study the effects of growth factors on cell
death. Dopamine (DA) (10 - 500 /xM) produces a
dose dependent cell death (maximal 70%) in
CATH.a cells.
DA induced cell death is
correlated with an increase in intracellular
peroxides
and
is
inhibited by
catalase,
suggesting that cell death is caused by
oxidative stress. Treatment of cultures with
GDNF or BDNF reduced DA (100 /xM) induced cell
death from 40% to 20%. Nerve growth factor,
fibroblast growth factor and insulin had no
protective effect. These results indicate that
GDNF and BDNF protect CATH.a cells from the
oxidative stress of intracellular peroxides
produced by dopamine autoxidation.
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705.1
GENESIS OF INTERNEURONS IN THE RAT STRIATUM. A.F.
Sadikot*. R. Sasseville. S. Gauthier. Dept. of Neurology and
Neurosurgery, Montreal Neurological Institute, McGill
University. Montreal, PQ, Canada.
The time of final mitosis (birthdate) of different classes of
interneurons in the rat striatum was analyzed using the 5'bromodeoxyuridine (BrdU) incorporation method. Doublelabeling immunohistochemistry allowed simultaneous
visualization of BrdU, and either calretinin, parvalbumin,
choline acetyltransferase or somatostatin. At the level of
the precommissural dorsal striatum, most GABAergic
interneurons expressing calretinin are born between El 4E16, whereas most GABAergic interneurons expressing
parvalbumin are born between E14-E17. As shown in studies
using ^H-thymidine (Semba et al., '88), our studies confirm
that the birthdate of the majority of cholinergic and
somatostatinergic interneurons at this striatum level is
between El 3-El 5 and El 5-E1 6, respectively. Thus, unlike the
patch and matrix projection neurons, whose peak birthdates
are E13 and El8, respectively (van der Kooy and Fishell, '87),
GABAergic and somatostatinergic interneurons of the dorsal
striatum leave the mitotic cycle at an intermediate time
period. Further studies are aimed at defining gradients of
neurogenesis within the dorsal striatum, and at comparing
birthdates of neurons generated in the dorsal or ventral
striatum.
Supported by the MRC, FRSQ., AANS.

705.3
FACTORS INFLUENCING THE DEVELOPMENT OF DENDRITE BUNDLES IN
THE RAT'S SPINAL CORD.
A.GRAMSBERGEN*. J.IJKEMA-PAASSEN. F.KLOK
Medical Physiology, Groningen, NL-9712 KZ, The Netherlands.
Recently, we studied dendrite bundles in motoneuronal pools of
muscles, which are involved in posture and locomotion in the rat. Dendrite bundles specifically occur in pools of axial muscles and particular
antigravity muscles in extremities. These bundles develop at the age
when effective control of posture becomes apparent (from postnatal day
8 [P8] in the pools of the long back muscles and from P14 in the pool of
the soleus muscle.
It is not known how this dendritic reorganisation is induced.
Possibilities are: ’by supraspinal afferents; 2by muscle afferents or 3by
retrograde influences from muscles via their motor nerves. We interrupted the ingrowth of descending projections on P10 by a total spinal
transection at Th10-Th11 (N = 18) or a hemitransection (N = 21). Muscle
afferents were interrupted unilaterally at P10 by cutting the dorsal roots
of L3-L5 (N = 21) and in another group (N = 18) we blocked neuromuscular transmission from P3-P12 in the soleus muscle by a-bungarotoxin (in
silicon rubber). Dendrite bundles in the pool of the soleus muscle were
labeled with Cholera Toxin subunit B at P1 8, P20 and P30.
Results indicate that blocking neuromuscular transmission retards
the development of dendrite bundles while a total transection leads to a
decrease in the number of dendrite bundles and dendrites per bundle
(although the onset of this reorganisation is normaD.Neither sectioning of
dorsal roots, nor hemisection of the spinal cord has an effect on this
development. It seems that both trophic influences from muscles and
supraspinal influences are essential for dendritic reorganization.

705.5

705.2

DIFFERBSTTAL EXPRESSION OF GENES PREFERENTIALLY RESTRICTED
TO MOTOR NEURONS. E. F. SalazaL-Gruego*. Z. Zhang, aPd L. M»Department of Neurology, University of Chicago, Chicago, IL 60637.
Molecular processes specific to motor neuron (MN) growth and
development are poorly characterized. We are using clonal hybrid
cells derived from embryonic mouse spinal cord MN which express
traits typical of MN to identify and characterize genes preferentially
expressed in MN. cDNAs preferentially expressed in hybrid MN were
isolated by differential display reverse transcription polymerase
chain reaction and by differential hybridization screening of a hybrid
MN cDNA library. cDNAs were sequenced, and submitted for
comparison to gene and protein databanks using the BLASTA program.
Twenty of 45 (47%) cDNA clones were found to be identical or very
homologous to genes previously characterized in mice or rats. Eleven
(24%) others had sequence homology to genes previously
characterized from humans (9), cattle (1), & fruit fly (1). Twelve
(27%) others do not share identity with any currently known genes
or proteins. One cDNA sequence was recently identified by others as a
G protein p subunit gene. By northern blot we have identified an
alternately spliced transcript of this gene which appears to be
expressed only in brain and spinal cord. In conclusion, we have used
hybrid MN cells to identify novel genes related to MN. One of these, a
neural specific gene, appears to be present in MN. Twelve others
appear to be novel genes that may have specificity for MN.

Supported by a grant from the Walter Boughton ALS Fund

705.4
LOCAL INFLUENCES ON REORGANIZATION OF AN
IDENTIFIED THORACIC LEG MOTOR NEURON DURING
METAMORPHOSIS OF THE MOTH MANDUCA SEXTA. O
Kent* and T. M. Bollerman. Dept. Biological Structure & Function,
Oregon Health Sciences University, Portland, OR 97201
During metamorphosis of the moth Manduca sexta. thoracic leg motor
neurons (MNs) persist from larva to adult but undergo dramatic morphological changes including regression and growth of both dendritic and
terminal processes. Previous studies have shown that these central and
peripheral changes are under control of ecdysteroid hormone. As part of
an on-going study to determine if cell-cell interactions are also involved
in shaping these changes, we have examined the regression and growth
of terminal processes of an identified leg MN, the femoral extensor MN.
In addition, we have used heterochronic mosaic insects in order to
determine if local peripheral signals might influence the reorganization of
motor terminals independent of the reorganization of central processes.
A combination of cobalt and biocytin staining methods, immunocytochemical techniques, and labeling with persistent fluorescent dyes, has
demonstrated that regression of motor terminals occurs over the several
days preceding pupation as the larval muscle degenerates. Regressed
processes remain associated with a remnant of the larval muscle and by
three days after pupation, motor terminals demonstrate signs of new
growth, displaying filopodial-like processes. Application of a juvenile
hormone mimic (methoprene) to the larval legs was used to create
mosaics in which larval-like legs with persistent larval leg muscles were
retained on a pupal insect. Under these conditions, larval-like motor
terminals were retained on the persistent larval leg muscles. In contrast,
dendritic regression occurred centrally despite retention of the larval leg.
These results indicate that the processes of dendritic regression and
terminal regression are not necessarily linked and that local cell-cell
interactions influence peripheral changes independent of central changes.

705.6

A TEMPORAL EXAMINATION OF MUSCLE FIBER TYPE IN THE
DEVELOPING GUINEA PIG STERNOMASTOID MUSCLE. W.A.GrowT
P.W.Sheard, M.Duxaon, M.B.Laakowakl.
WAMI Medical
Program, University of Idaho, Moscow, ID 83843.
Due to their size, human muscles have multiple
endplate regions,
and muscle
fibers are usually
associated with only one of these regions. Rat muscles,
on the other hand, typically contain only one endplate
region, and all muscle fibers extend the entire length
of the muscle. There are four endplate regions in the
guinea pig sternomastoid (SM) muscle, and therefore it
is a better model of human muscle development than the
rat muscles which have typically been studied.
We
determined the fiber type composition of the guinea pig
SM
muscle
for
both
newborns
and
adults
with
immunocytochemical staining of fast and slow myosin
heavy chain proteins.
In the newborn, one edge of the
SM muscle consists almost exclusively of fast muscle
fibers; by adulthood this region remains exclusively
fast but has expanded in size.
In the newborn SM slow
muscle fibers are always found isolated and surrounded
by fast fibers, whereas in the adult SM slow fibers are
almost always found in clusters of 2-5 cells.
In
addition, the number of slow muscle fibers and the total
number of muscle fibers are identical for all four
endplate regions in the newborn SM; this is also true
for the adult SM.
Finally, the number of slow muscle
fibers and total muscle fibers significantly increases
after birth, indicating either transformation of fibers
originally with a fast phenotype into slow fibers and/or
the generation of new slow muscle fibers.
Either
possibility could explain the clusters of slow muscle
fibers seen in the adult SM.
Supported by NIH.
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DEVELOPMENT OF TRIGEMINAL MESENCEPHALIC AND MOTOR NUCLEI
IN RELATION TO MASSETER MUSCLE INNERVATION IN MICE . C. G.
Widmer* and J. Morris-Wiman. Dept, of Oral and Maxillofacial Surgery and Dept,
of Orthodontics, Univ. of Florida, Gainesville, FL 32610.
There has not been a systematic investigation of the spatiotemporal development of
nuclei containing sensory (mesencephalic) neurons and motoneurons and their
innervation of masticatory muscles. The purpose of this study was to determine the
timing of sensory and motor innervation of the masseter muscle and compare this
process with the developmental organization of mesencephalic and motor nuclei.
A total of 55 embryos representing gestational days 1o.5, 11.5, 12.25, 13.5, 14.5
and 15.5 were obtained from timed-pregnant CD1 mice. Dil or DiA was implanted
into the embryonic masseter muscle or masseteric region, into the dorsomedial
mesencephalic region, or into maxillary or mandibular molar tooth buds or tooth bud
regions. Specimens were maintained at 38°C for 2-8 weeks to facilitate transport of
the dye. embedded in gelatin, sectioned at 85 pm using a vibratome, and examined
under epifluorescence using a Zeiss Axioplan microscope. Images of labelled cells
and their processes were acquired for analyses.
At gd 10.5, 41.6% of the embryos with dye placed in the masseteric region
demonstrated labelled cells in the trigeminal motor nucleus while 0% of the
mesencephalic nucleus neurons were labelled. Dorsomedial mesencephalic dye
placement, however, labelled mesencephalic cell bodies and processes that extended
to the motor root, but not into the periphery. At gd 11.5, 100%o of the embryos with
dye in the masseteric region were found to have labelled cells . in the caudal portion
of the mesencephalic nucleus and motor nucleus. All embryos older than gd 11.5
with dye in the masseter had labelled cells in the full extent of the mesencephalic
and motor nuclei. Dye placement in tooth buds did not label the mesencephalic
nucleus at any gestational age examined.
These results demonstrate trigeminal motor innervation to the masseter muscle
prior to proprioceptive innervation by mesencephalic neurons. In addition, there is a
substantial temporal delay of innervation of the periodontal ligament around the
teeth by mesencephalic neurons.
Supported by USPHS grants DE10130 (CGW), DE00333 (CGW) and DC01657
(JMW).
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705.7

EARLY BRAINSTEM SPINAL SEROTONERGIC AND NORADRENERGIC
PROJECTIONS IN THE RAT EMBRYO: DOUBLE- LABELING STUDY
USING DEXTRAN AMINES AND IMMUNOHISTOCHEMISTRY.

F. Aac Icic * and R. MM-chand. Centre de Recherche en Neurobiologie, IJUvvrartc
Laval, Quebec, Canada, G1J 1Z4.
Previous studies dore ir our laboratory have described the location crd ditcutted
the possible idertitiet of neuronal groups projecting to the spiral cord early during
the development of the rat embryo. At those stages, the identification of reuroral
populations based or their location ir the brain and cytology is a hard task. To
further characterize those reuroral groups, serotonine (5 -UT) and tyrosine hydroxylase
(TH) content was assessed combined with retrograde tracing from the spinal cord
using dextran amines. The embryos were taker out by cesarean section a the
appropriate day of gestation and directly immersed ir an artificial oxygenated cerebrospinal fluid (CSF). The brain was dissected out and a hemisection of the spiral cord
was made at the level of the first cervical segment. Fluorescent dextran amires were
injected ard the preparations were kept ir CSF for 12 to 36 hours at 20°C. They were
then fixed ir paraformaldehyde and cut ir a cryostat. Immunohistochemistry was done
or the sections mounted on microscope slides. Although many cells rear the midline
ir the caudal brainstem were retrogradely labeled from the spiral cord on day 14 ard
15, few neurons were double-labeled after immunohistochemistry against 5-HT.
.Mirny cells were also retrogradely labeled from the spiral cord in the rostral lateral
pors on day 14, 16 and 18. Again, few neurons were double-labeled after
immunohistochemistry against TH on day 14 ard 16, but a significant number was
or day 18 in locus coeruleus and subcoeruleus. A large number of the retrogradely
labeled neurons in the rostral lateral pons were located just medial to the TH-positive
neurons, in a region that could be associated with Barrington' t nucleus of the adult. In
conclusion, although 5 -HT - positive neurons ir caudal raphe nuclei become
immunoreactive around E13, a large number has not reached spiral cord levels at
El 5 - Also, many neurons in the rostral lateral pons become TH -positive around E14
but only a few have reached spiral cord levels by E16.

705.8
SEROTONIN INCREASES THE EXCITABILITY OF EMBRYONIC CHICK
MOTONEURONS RECORDED FROM A SPINAL CORD SLICE
PREPARATION. T. Hayashi. B. Mendelsor. K.D, Phelan and E. Garcia-Rill*.
Department of Anatomy, University of Arkansas for Medical Sciences, Little Rock,
AR 72205.
Intracellular recordings were obtained from motoneurons ir an embryonic chick
spiral cord slice preparation over a series of developmental stages (E12-E18). These
time points bracket the critical period of development (E14) ir which the ability of
the spinal cord to recover from injury is lost. Transverse slices (<1 mm thick) were
isolated from lumbosacral segments 1-3. Ventral roots were maintained for
stimulation. Motoneurons were identified by antidromic activation. Bath application
of serotonin (5-HT; 50-100 |iM) was used to determine its effect or rheobase, action
potential threshold, afterhyperpolarization and some firing frequency properties.
Rheobase was determined as the amplitude of the current pulse of >300 msec
duration at 1 Hz that produced an action potential during 50% of the pulses. The
absolute membrane potential at the onset of the action potential was defined as the
action potential threshold. To analyze firing frequency, depolarizing pulses of 1 sec
duration at 0.2 Hz were applied at 0.1 nA increments. Serotonin induced a
membrane hyperpolarization in the majority of motoneurons at E12 and a
depolarization in all of the cells recorded at El 8. However, at all stages examined,
the firing frequency of the vast majority of motoneurons was increased during the
serotonin administration. Rheobase and membrane potential at action potential
threshold were decreased following 5-HT administration. This 5-HT effect was
greater in E18 compared to E12 cells. The peak amplitude of the
afterhyperpolarizatior was also decreased during the serotonin administration. These
results indicate that 5-HT administration increases the level of excitability of
motoneurons at all stages examined. Supported by NSF grant RII 8922108, USPHS
grants NS20246 and AA09205.

705.9

705.10

RELATIVE CONTRIBUTIONS OF POTASSIUM CONDUCTANCES AND
SYNAPTIC INPUT IN DETERMINING INPUT RESISTANCE OF
DEVELOPING BRAINSTEM MOTONEURONS. T.Hodgson and W.
Cameron. Dept, of Neuroscience and Psychiatry, Univ. of Pittsburgh,
Pittsburgh, PA 15260.
Between postnatal week 1 and 2, the mean input resistance of rat
genioglossal motoneurons drops 50% without an increase in total membrane
surface area. To investigate the mechanism underlying this decrease,
intracellular recordings were made from genioglossal motoneurons in an in
vitro brainstem slice preparation from 6-7 day, 13-15 day and 18-25 day old
rat pups. Input resistance was measured from the linear portion of the
voltage response. Perfusion with high Mg2* (6mM) ACSF increased input
resistance compared to control (mean = 10% in 6-7 day olds; mean = 2% in
20-25 day olds). This suggests a decreasing contribution by calciumdependent synaptic release to motoneuron input resistance. Intracellular Cs*
injection also produced an increase in input resistance (mean = 11% in 6-7
day olds; mean = 27% in 20-25 day olds), reflecting the increasing
involvement of potassium conductances in input resistance over
development. In order to determine the change in the relative contribution of
synaptic activity and potassium channels during the first weeks of postnatal
life, we measured input resiSance in: control ACSF(2mM Ca 2* /2mM Mg2*),
high magnesium (6 mM Mg2*/ 1mM Ca2*) and high magnesium/TEA (6mM
Mg2*/ 1mM Ca2*/ 20mM TEA). Mg2* made a smaller contribution than TEA
to the total increase in input resistance in all age groups. In addition, the
relative contribution of Mg2* versus TEA changed with increasing postnatal
age: 25% Mg/75% TEA in 6-7 day olds, 15% Mg/85% TEA in 13-15 day olds,
and 5% Mg/95% TEA in 20-25 day old rat pups. Supported by HD 22703.

MYELOGENESIS OF THE VENTRAL AND DORSAL ROOT AT THE
BRACHIAL AND LUMBOSACRAL ENLARGEMENTS OF THE
OPOSSUM, MONODELPHIS DOMESTICA. H. Leblond* ard T.
Cabana. Sciences Biologiques, Uriversite de Montreal, C.P. 6128,
Succ. Certre-Ville, Montreal, Canada, H3C 3J7.
The opossum is bom more immature than any placental mammal. At
birth, its forelimbs are sufficiantly developed to perform rhythmic,
alternate movements, but the hindlimbs are immobile. The latter do rot
begin to move until about postnatal day (P)10. Ir light microscopy, we
have investigated myelogeresis of the ventral (VR) and dorsal (DR)
roots of spinal segments that innervate the forelimb (C8) ard hindlimb
(L4), selected because they virtually contain exclusively somatic fibers.
The tissue was fixed with a modified Karrovsky's fixative, post-fixed
with 2% Os04, embedded ir resir, the roots were cut transversely at
1.5|im, stained with toluidine blue and photographed. Ir the Pl
opossum, both roots at both segments are unmyelinated. At C8, the first
myelinated fibers are seer in the VR at P15 and in the DR at P17. At L4,
myelinated fibers are first seer in the VR at PI7 and ir the DR at P22.
At P25, the C8 VR contains about 70% of its adult number of myelinated
fibers but the DR only 30%; the L4 VR contains 26% ard the DR 10% of

their adult numbers of myelinated fibers. However, at P25 myelinated
fibers are comprised of a single population in terms of diameter,
myelin sheath included. It is only at P50 that they can be separated into
distinct populations: alpha and gamma for the VRs and Types I, II ard
III for the DRs. Also at P50, the total number of myelinated fibers ir
both L4 roots is greater than ir the adult. These data will be correlated
with the ontogeny of motor behaviors. (Supported by NSERC)

705.11

705.12

AUGMENTED KINESTHETIC FEEDBACK PROMOTES MOTOR
LEARNING IN THE RAT FETUS. S. R. Robinson*. Department of
Psychology, University of Iowa, Iowa City LA 52242.
The capacity of the rat fetus to selectively alter its motor activity ir
response to kinesthestic feedback was evaluated in a model of fetal motor
learning. After surgical preparation of the pregnant rat to permit fetal
observation, E20 rat fetuses were fitted with a fine thread tied to both

HUMAN FETAL AND NEONATAL MOVEMENT PATTERNS AND
EFFECTS OF CNS ABNORMALITY. C. R. Almli*. N. M. Mohr. R.
Ball, and L. Bernhard. Developmental Neuropsychobiology Lab.,
Washington University Medical School, St. Louis, MO 63108.
Little is known about development of spontaneous movement
patterns (autogenic movement patterns, AMP) of human fetuses
and neonates, e.g., how fetal AMP may change following birth
(neonatal AMP), and, how fetal and neonatal AMP may be altered
by prenatally-identified CNS -abnormality. Quantitative analysis of
AMP determined: (1) continuity/dis-continuity of fetal-to-neonatal
AMP in normal subjects, (2) how fetal/neonatal AMP may be altered
by prenatal CNS abnormality (e.g., myelomeningocele)
AMP video tapings were obtained for fetuses (third trimester:
ultrasonography) and for neonates (birth and 6 weeks postnatal).
Leg AMP of fetuses/neonates were quantified with a computervideo movement analysis system.
Results for numbers and periodicity of leg movements indicates:
antenatal-to-postnatal AMP continuity for normal fetal/neonatal
subjects, and altered fetal/neonatal AMP for CNS abnormality
subjects. Results suggest that fetal/neonatal AMP, which is under
control of central pattern generators, is disrupted by prenatal CNS
abnormalities, and that fetal/neonatal AMP may not be as strongly
influenced by environmental factors (intra- to extra-uterine
transitions) as previously thought.

rearlimbs. With this yoking procedure, it was expected that an active
movement by one limb would result in passive movement of the other limb,
thereby producing additional kinesthetic feedback that could facilitate
interlimb coordination. Experimental subjects (YOKED) were tethered for
30 min, after which the connecting thread was cut and the subject observed
for another 30 min. Control subjects were either fitted with a thread that
was immediately cut (UNYOKED) or received no treatment (NT) and were
observed without interruption for 60 min. YOKED subjects showed a 6- to 8fold increase in the frequency of synchronous movements of the left and right
rearlimbs. No change in synchronous rearlimb activity was evident in the
UNYOKED or NT groups. The observed increase in synchronous movements
was not expressed immediately, but emerged gradually over the 30-min
period in which the limbs were physically coupled, ard persisted for 20-25
min after the yoke was cut. Other experiments revealed that the
effectiveness of the yoking procedure varied with the elasticity of the
connecting thread; a stiff linkage was more effective than an elastic thread
in promoting interlimb synchrony. A similar increase in synchronous
forelimb movement was promoted when the yoke was applied to the two
forelimbs. These data provide evidence that the E20 rat fetus possesses a
functional kinesthetic sense, and that the fetus can alter the organization of
motor behavior to adjust to varying conditions of biomechanical constraint.

Society

for

Neuroscience

, Volume 21, 1995

1791

1792

MOTOR SYSTEMS

705.13
GROOMING DEVELOPMENT AND ACTIVATION IN
WEAVER MUTANT MICE. V.J. Bolivar*. W. Danilchuk
and J.C. Fentress. Psychology Department, Dalhousie
University, Halifax, Nova Scotia, Canada, B3H 4J1.
Weaver (wv/wv) mice have well specified nigrostriatal
dopaminergic and cerebellar defects. Quantitative analyses of
behavioral development in these animals have not previously
been pursued. We examined grooming in wv/wv pups and
littermate controls before and after a 30 second swim period.
Deficiencies in grooming of wv/wv pups are context and age
dependent. Wv/wv spend less time grooming than controls;
however, after day 13 postpartum during the post-swim
period mutants attained grooming levels of pre-swim controls.
Wv/wv pups also showed, from day 15, an increase in number
of grooming bouts post-swim.
This reflects previous
activation by swimming. Our data suggest activational effects
can be separated from balance, postural or sequencing
problems. Although controls displayed longer bouts than
mutants overall, during the post-swim period (day 13 and
older) wv/wv pups produced bouts as long as pre-swim
controls. Strokes used by wv/wv pups tended to cluster
around the early grooming sequence phase and some later
strokes were never used by the mutants.
These results
indicate the importance of examining behavioral ontogeny
under different conditions, as well as the value of using
multiple measures when examining action sequences. Mutant
mouse research holds much promise in linking cellular, circuit
and behavioral levels of organization.

WEDNESDAY PM

705.14
SNAP-25 ISOFORM mRNA EXPRESSION IN SPINAL MOTONEURONS AFTER NERVE INJURY. G. Jacobsson. F. Piehl*. X.
Zhang. I.C. Bark and B. Meister. Department of Neuroscience, Karo-

linska Institute, S-171 77 Stockholm, and Department of Developmental
Biology, Uppsala University, Sweden.

Synaptosomal-associated protein of 25 kDa (SNAP-25) is a protein
involved in the molecular regulation of exocytosis. SNAP-25 is located at
the presynaptic plasma membrane and is a component of the 20S multiprotein complex that mediates vesicle docking and fusion. The protein
exists in two isoforms, which arise from alternative splicing of exon 5.
In order to study the plasticity in SNAP-25 gene expression, we have
axotomized the sciatic nerve and studied SNAP-25 mRNA levels in
spinal motoneurons using in situ hybridization and isoform-specific
oligonucleotide probes. In all animals, SNAP-25a mRNA was detected
in the nucleus of motoneurons, whereas SNAP-25b mRNA was present
in the cytoplasm. After axotomy, the levels of SNAP-25a and SNAP-25b
mRNA decreased in motoneurons belonging to the sciatic pool. Measurements of the grain density over cells on the lesioned side as compared to the unlesioned side revealed a significant decrease after 2 days.
The maximum decrease was detected at 7 days (62% for SNAP-25a and
67% for SNAP-25b), while levels had slightly recovered by 14 and 28
days. Ventral root avulsion produced a similar decrease in SNAP-25
mRNA levels in lesioned cells, indicating that the decrease in SNAP-25
mRNA is due to the axonal severance in itself. The results suggest that
SNAP-25a and SNAP-25b mRNA have different localization within the
cell and that SNAP-25 mRNA is down-regulated in specific populations
of spinal motoneurons after nerve injury.

705.15

705.16

FACTORS RESPONSIBLE FOR POOR FUNCTIONAL RECOVERY AFTER
PERIPHERAL NERVE LESIONS. Neil Tvreman. Mukaila Raii and Tessa
Gordon*. Department of Pharmacology and Division of Neuroscience,
University of Alberta, Edmonton, Alberta, Canada T6G 2S2.
Even primary nerve repair may be associated with dismal functional
recovery when long delays are incurred between the peripheral nerve injury
and target reinnervation. In this study, we have systematically and independently controlled the duration of axotomy (X), denervation of the distal nerve
sheaths (SH) and muscle denervation (M) to determine the relative
contribution of each factor to functional recovery. In rats, the posterior tibial
nerve (TIB) was cross-sutured to the CP nerve via a contralateral common
peroneal (CP) nerve graft (10-15mm) to reinnervate tibialis anterior (TA)
muscle, either immediately or after prolonging TIB axotomy, CP graft or TA
denervation. At least 6 months after graft surgery, number and size of TA
motor units were determined as measures of number of regenerated nerves
and numbers of muscle fibers reinnervated per motoneuron. An average of
99.4±15.3 motoneurons innervated TA after immediate grafting. In all cases
where nerve repair was delayed, the number decreased as a function of
delay between AX, SH or D and nerve repair, reaching an asymptotic value
of 30.2±3.6, 41.4±4.1 and 13.7±3.4 at 300 days.
In the light of our previous findings that deterioration of intramuscular nerve
sheaths is the primary factor limiting reinnervation of long-term denervated
muscle (Fu & Gordon, J. . Neuroscience, in press), these findings indicate that
the growth response of AX motoneurons and the growth environment of
denervated nerve sheaths deteriorates with time. The better recovery after
prolonged graft denervation than after prolonged muscle denervation
indicates that migration of Schwann cells from the "nosh" nerves into the ’old
graft" may have facilitated regeneration. We are presently evaluating the
molecular basis for the reduced growth response of long-term axotomized
nerves and denervated nerve sheaths (see You et al. abstract).

ACCUMULATION OF NEUROFILAMENTS CAUSES DENDRITIC
ATTRITION IN MOTOR NEURONS. J.-M. Kong, D.W. Cleveland-. and
Z.-S. Xu*. Worcester Foundation for Experimental Biology, Shrewsbury,
MA 01545; -Ludwig Institute for Cancer Research and Department of
Neuroscience, UCSD, La Jolla, CA 92093.
Accumulation of neurofilaments (NFs) in motor neurons has been widely
observed in human motor neuron disease, of which the most common forms
are amyotrophic lateral sclerosis (ALS) and spinal muscular atrophy
(SMA). In transgenic mice, severe accumulation of NFs induced by forced
over-expression of either NF-L or NF-H leads to loss of motor function,
resulting in paralysis, skeletal muscle atrophy, and finally death (Xu et al,
1993; Cote et al, 1993). To further understand how NF accumulation
causes motor neuron dysfunction, we have examined the structure of
neuromuscular junction by EM • and motor neuron morphology by Golgi
staining in the NF-L transgenic mice. Except for the increased NF content
in nerve terminals, the neuromuscular junction remains intact. However, a
quantitative measurement of the spinal cord motor neurons reveals a
significant shortening in the length of their dendrites (by more than two fold
in comparison with the wild type), leading to a reduced density of dendrites,
a shrunken area coverage by the dendrites, and a loss of distal dendrites •
These changes could cause a reduction in the number of synapses
contacting the motor neurons and consequently lead to motor neuron
dysfunction.

705.17
STUDIES ON SLOW AND FAST COMPONENTS OF
AXONAL TRANSPORT IN MICE LACKING
THE
NEUROFILAMENT LIGHT (NFL) GENE. S. Couillard-Despres,
Q, Zhu, D. E. Playford* and J.-P. Julien. Centre for research in
Neuroscience of McGill University, The Montreal General Hospital
Research Institute, 1650 Cedar ave., Montreal, Quebec, Canada,
H3G 1A4.

The neurofilamen^triplet proteins form the 10 nm filaments found in almost all
neuronal cells and-Ore the major constituents of the cytoskeleton in these cells. The
presence of the three components (neurofilament light, medium and heavy
subunits: NFL, NFM and NFH) is required for a proper polymerization. Our
laboratory recently produced a mouse line lacking the NFL gene. In the absence cf
NFL, expression of the two other subunits, NFM and NFH, in the nervous system
is down regulated. Our data reveals the existence of a compensatory mechanism
resulting in the up-regulation of tubulin and microtubule-associated proteins. To
study axonal transport, 35S-methionine was injected in the ventral horn of the
spinal cord (between L2 and L3) of knock-out and control mice. The mice were
sacrificed after different time intervals following injection. The sciatic nerves were
dissected and divided into 5 mm segments. Protein was extracted from each
segment, fractioned on SDS-PAGE, and analyzed by fluorography. Our
preliminary results reveal a dramatic increase in the rate of axonal transport cf
tubulin in the NFL knock-out mice.
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VISUAL CORTICAL DEVELOPMENT

706.1
LAMINAR DISTRIBUTION OF GLUTAMATE RECEPTORS IN
DEVELOPING RAT VISUAL CORTEX. B. Gordon*. L.N. Fu and T.
Lissman. Institute of Neuroscience, Univ. of Oregon, Eugene, OR 97403
We studied the development of glutamate binding sites in the visual
cortex of Long-Evans rats. We used quantitative autoradiography to
describe the development of pH]MK-801 binding sites (an open channel
ligand for NMDA receptors), pHjkainate binding sites, and pH]AMPA
binding sites. As a non-glutamate control we used pH]muscimol, a ligand
for GABAa receptors. Binding of each ligand was measured at 14, 18, 26,
39 days (d) and in adults (>90 d). At 14d pH]MK-801 binding was
similar across all layers, with a slight peak in layers 2/3 and 4. In older
animals pH]MK-801 binding peaked in layers 2/3 and declined in the
deeper layers. Binding in layers 5 and 6 was greater in both 26d and 39d
animals than in adults. Thus, MK-801 binding in the deeper layers of the
rat visual cortex appears maximal around 30d, the approximate peak of the
critical period (Fagiolini et al. 1994). pHJKainate binding was maximal in
layers 5 and 6 and was not age dependent. AMPA binding did not vary
dramatically by layer, although it decreased slightly from layer 2 to layer
6. In layers 4-6, AMPA binding was lower in adults than in 26d or 39d
animals. Except at 14d muscimol binding was greatest in layers 2/3 and
4. Here mmuimol bibdidgww grertarat 2t2i thtui in adulte.These resultt
suggest that NMDA receptors are involved in plasticity in the rat. AMPA
binding sites may also be involved. The precise role of these binding sites
requires better definition of the rat critical period. The present results in
rat contrast somewhat with results we reported previously for cat (cf.
Gordon et al., 1994). (Supported by NEI grant ET04050 to BG).

706.2
COLOCALIZATION OF NMDA-R1 mRNA AND GLU-R1 IMMUNOREACTIVITT IN THE RAT VISUAL CORTEX. Z. Cao*. B. Gordon,
and M. Lickev. Inst, of Neurosc., Univ. of Oregon, Eugene, OR 97403.
NMDA receptors may mediate activity dependent plasticity in the visual
cortex during development (for review see Fox and Zahs, 1994). In rats,
maximal visual plasticity occurs at approximately 30 days of age
(Fagiolini et al., 1994). In the visual cortex of Long-Evans rats, we
studied NMDA receptor gene NMDA-R1 with in situ hybridization and
AMPA receptor protein Glu-Rl with immunohistochemistry. (The
NMDA-R1 cDNA was a gift from Dr.Koki Moriyoshi, subcloned by
Dr.Gilbert Burns). Glu-Rl immunoreactivity was similar in 30 day and
90 day animals. It was present in all layers but was highest in layer 1
and lowest in layer 4. The level of NMDA-R1 gene expression was
much higher at 30 days than at 90 days. At both ages NMDA-R1 expression was maximal in the top half of layers 2/3. Double labeled cells were
found primarily in 30 day animals. The majority of the cells in 30 day
animals were double labeled and double labeled cells were found in all
layers except layer 1. These data show that NMDA-R1 expression is
greater at the height of the critical period than in adulthood. This result
is consistent with the hypothesis that NMDA receptors are involved in
visual cortex plasticity in the rat. The role of the Glu-Rl protein is less
clear, since the abundance of this protein does not appear to decline in
association with declining plasticity. In future studies■ we plan to examine
additional age groups and subunits. Supported by NEI grant ET04050 to
Barbara Gordon.

706.3

706.4

1793

REGIONAL AND LAMINAR CHANGES IN SYNAPTIC LOCALIZATION OF
NMDA RECEPTOR SUBUNIT SPLICE VARIANT NR1 IN RAT VISUAL
CORTEX AND HIPPOCAMPUS. R. R. Johnson*, X.-P. Jiang, and A. Burkhalter.
Dept. Anatomy & Neurobiology, Wash. Univ. School of Medicine, St. Louis, MO 63110.
Regional and laminar distribution of the NR1 subunit of the NMDA receptor was
examined at the light (LM) and electron microscopic (EM) levels using a new antiserum
directed against a differentially spliced C-terminal exon (NR1-C1; Sheng et al., 1994).
This exon is expressed in a restricted number of NR1 splice variants (Sugihara et al.,
1992; Hollman et al., 1993) and is a major substrate for posttranslational modification by
phosphorylation (Tingley et al., 1993). The most striking result was that the pattern of
NR1-C1 immunoreactivity in both the hippocampus and visual cortex was more restricted
than that previously shown using other NRl-specific antibodies (Huntley et al., 1994;
Petralia et al., 1994; Siegel et al., 1994), and did not label cells in CA3, dentate gyrus and
subicular regions of the hippocampus and in layer 4 of the visual cortex. Regional and
laminar differences in synaptic NR-C1 localization were confirmed by quantitative EM.
Surprisingly, in addition to abundant postsynaptic staining, immunoreactivity was
found in >40% of axon terminals in the dorsal subiculum, but in only a very small
percentage (<1%) of terminals in visual cortex. This strongly suggests that presynaptic
NMDA receptors play a major role in neuronal processing of hippocampal output through
the subiculum, but have a relatively minor role in VI.
In sharp contrast to the pattern in the adult, there was relatively little regional and
laminar variation in NR1-C1 immunoreactivity in the developing brain (PND 11).
Interestingly, NR1-C1 splice variants were present in cortical layer 4 as well as in
CA3, dentate gyrus, and subiculum at the early time point but were largely excluded
from these structures in the adult. This suggests that NR1-C1 splice variants may play
a role in determining the critical period for visual cortical layer 4. Continued
expression within upper and lower layers of the cortex and in CA1 of the hippocampus
in the adult could provide a substrate for plasticity in corticocortical connections and
Schaffer collateral synapses beyond the critical period.

DIFFERENTIAL DISTRIBUTION OF TWO GLUTAMATE DECARBOXYLASES
(GAD67 AND GAD65) IN THE NEWBORN AND ADULT CAT VISUAL CORTEX.
Y. Guo. I.V. Kairian, N.G.F. Cooper and G.D. Mower*. Univ. of Louisville Sch.
of Med., Louisville, KY 40292.
The identification of two forms of glutamate decarboxylase (GAD67, GAD65),
the synthetic enzyme for GABA, raises the possibility that they may play
different roles in the development of mature GABAerglc circuitry. We have used
antibodies to compare GAD67, GAD65, and GABA positive neurons in neonatal
(4-6 days) and adult cat visual cortex. In adults, GABA and GAD67 containing
neurons were found in ail cortical layers but little cell body staining was seen
Higher power observation revealed a
with the antibody to GAD65.
complementary intracellular distribution of GAD67 vs GAD65. GAD67 was found
mainly in ceil bodies and was present to a lesser degree in puncta (presumptive
synaptic terminals) than GAD65. GAD65 was faint in cell bodies but labeled
more puncta than GAD67. In neonates, GABA and GAD67 were densest in two
distinct bands, one superficial (Layer I), another deep (Layer Vl/Subplate).
Unlike in adults, GAD65 positive cell bodies were clearly evident in neonates
and distributed similarly to, but less frequently than, GABA and GAD67. Higher
power observation again revealed that the density of GAD65-positive punctate
structures was higher than that of GAD67-punctate structures. The distinct
intracellular localization of the two isoforms in adult cat visual cortex is
consistent with the notion that GAD67 (holoGAD) provides the basal pool of
GABA and GAD65 (apoGAD) is specialized to respond to short-term increases
in demand for GABA in axon terminals. That the intracellular and laminar
distribution of both isoforms of GAD and of GABA differs between neonatal and
adult VC suggests that these two forms of GAD may be differentially involved
in two distinct aspects of postnatal maturation of visual cortical GABA circuitry:
dying off of embryonic cells and differentiation of the adult GABA system.

706.5

706.6

DEVELOPMENTAL EXPRESSION OF THE IMMEDIATE EARLY GENE EGR-1
MIRRORS THE CRITICAL PERIOD IN CAT VISUAL CORTEX. I. V. Kaplan. Y.
Guo. K. Klueber* and G. D. Mower. Department of Anatomical Sciences and
Neurobiology, University of Louisville School of Medicine, Louisville, KY
40292.
The aim of this study was to determine the postnatal developmental profile
of EGR-1 protein expression across the layers of cat visual cortex and relate
it to the state of visual cortical development and plasticity. Cats at various
postnatal ages (0.5 week, 1 week, 2.5 weeks, 5 weeks, 10 weeks, 20 weeks,
and older than 1 year) were used. Coronal sections from visual cortex were
processed for immunohistochemistry with avidin-biotin visualization. In very
young animals (0.5 weeks), EGR-1 positive cells were restricted to deep
cortical layers (layer Vl/Subplate).
With increasing age, EGR-1
immunoreactivity spread across layers of the visual cortex in inside-outside
manner, and by 5 weeks of age, EGR-1 protein was highly expressed in all
layers of the visual cortex. In addition, an intensely stained band of labeled
cells in the lowest portion erf layer IV appeared at 1 week of age and was
present in all older animals. EGR-1 expression remained high until
approximately 10 weeks or age and then gradually began to decline in layer
IV with little change in supra- and infragranular layers. Therefore, in adult
animals, EGR-1 positive neurons were located predominantly in the layers
above and below layer IV.
This pattern of EGR-1 expression in developing cat visual cortex exhibits
both temporal and laminar similarities with the development of visual cortical
connectivity, with the development of orientation selective receptive field
properties, and with the level of visual cortical plasticity, suggesting an
involvement of EGR-1 expression in these processes.

LAMINAR patterns
of GABAa RECEPTOR EXPRESSION IN FERRET
PRIMARY VISUAL CORTEX ARE ESTABLISHED PRIOR TO CORTICAL
INVASION BY GENICULATE AFFERENTS. A.L.Smith and I.D.Thompson
University Laboratory of Physiology, Parks Road, Oxford OX1 3PT, U.K.
Quantitative in vitro autoradiography has been employed to monitor the
expression patterns of GABAa receptor proteins in the primary visual cortex of
ferrets throughout postnatal development. pHJMusicimol, a GABAa receptor
agonist, and pHjflunitrazepam, an agonist at the benzodiazepine modulatory
site, revealed very similar expression patterns in cryostat sections. Presumptive
primary visual cortex was identified by transneuronal axoplasmic tracing of
geniculate axon terminals using intraocular injections of wheatgerm agglutinin
conjugated to horseradish peroxidase (4%, 2-4pl) and the development of the
cortical plate was monitored by neuronal birthdating using 5-bromo-2’deoxyuridine immunocytochemistry.
GABAa receptor density within primary visual cortex doubles in the first
postnatal week, after which time layer-specific laminar distribution patterns are
observed. From postnatal day 8 (P8), when migrating layer IV neurons are
arriving in the cortical plate, until adulthood receptor density in layers I and IV
exceeds that found in the infragranular layers or layers ll/lll (P<0.001).
Receptor protein expression in all layers continues to increase throughout
development, increases in layers I and IV preceding those in other layers,
reaching a maximum a month after eye opening and then decreasing slightly
after P85. Unlike EAA receptors (Smith & Thompson, J. Physiol. 485:8P)
changes in GABAa receptor distribution do not appear to be linked with
changes in the state of the geniculate fibres and preliminary evidence indicates
that disruption of the geniculocortical pathway does not affect the early
patterning of GABAa receptor expression.
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706.7
CHANGING DISTRIBUTION OF NMDAR1 IN THE DEVELOPING VISUAL
CORTEX S. M. Catalano*. C. K. Chang and C. J. Shatz. HHMI and DepL of
Molecular and Cell Biology, University of California, Berkeley, 94720
NMDA receptors are thought to play an essential role in the
development of the visual cortex. We have examined the distribution of the
NMDAR1 receptor subunit protein in the ferret using 3 different antibodies: two
are raised against overlapping, C-terminal, alternatively spliced domains (Abl &
2), and the third is raised against a separate, non-altematively spliced domain
(mAb3). At embryonic day 35 (birth = E 41), all 3 antibodies stain fibers within
marginal zone (future layer 1), cells in the cortical plate, and subplate neurons
(located within future white matter); the subplate neurons are stained most
intensely. There was no detectable immunostaining of migrating cells in the
intermediate zone. By P 3, cells within layer 6 stain as intensely as the subplate
neurons. In addition mAb3, but not the other antibodies, stains a band of
horizontally oriented fibers within the intermediate zone. By the 7th postnatal
week, when ocular dominance columns have begun to form in cortical layer 4,
staining of layer 1 and the white matter (subplate neurons) is undetectable with
all 3 antibodies. Within the cortical layers, mAb3 stains layers 4 and 2/3 more
intensely than layers 5 and 6, whereas the other 2 antibodies stain neurons in all
layers with equal intensity. In the adult, the mAb3 antibody stains cells in layers
2/3 more intensely than those in layers 4-6. These observations indicate that 1)
the earliest cells of the neocortex to be stained are subplate neurons, and 2)
during the period of ocular dominance column formation, there is a relative
decrease in the R1 subunit in layer 4 as detected by the antibody that recognizes
an epitope which is not alternatively spliced (mAb3). These results are
consistent with a role for NMDA receptors not only during the critical period,
but also far earlier in visual cortical development. Supported by grants from the
NEI to CJS (EY02858) and SMC (EY06491). We thank T. Dawson for the
generous gift of Abl.

706.9
SYNAPTIC VESICLE PROTEIN IMMUNOREACTIVITY
DURING DEVELOPMENT IN MACAQUE MONKEY PRIMARY
VISUAL CORTEX. T. Yoshioka* & S.H.C. Hendrv. Krieger
Mind/Brain Inst. & Dept, of Neuroscience, Johns Hopkins
University, Baltimore, MD 21218
Changes in synaptic activity are essential in the functional and
anatomical development of mammalian neocortex. Such synaptic
activity is influenced by intrinsic and extrinsic neuronal input in
different laminae during development. To assess the pattern of
laminar-specific events in the development of synapses in macaque
primary visual cortex (VI), we have examined the expression of
synaptophysin, an integral membrane protein of synaptic vesicles, in
the fetal and infant macaques. At embryonic day E135 (gestation =
165 days), immunostaining of synaptophysin revealed distinct
laminar boundaries, with intense punctate immunoreactivity in layers
4A, 4Ca, and the bottom of 4C|5 through 5. Immunostaining in layer
4A showed clear evidence of a honeycomb or lattice, even though no
pattern was evident in the pale cytochrome oxidase staining of layer
4A at this age. A similar irregular honeycomb pattern was also
evident in deep layer 5. The laminar pattern seen at E135 continued to
be visible in later age, but became less laminar-specific
immunostaining in postnatal tissues. These observations suggest that
the maturation of synapses occurs in a laminar specific manner in
macaque VI. (Supported by NIH grant EY06432. We thank Dr.
Anita Hendrickson for providing fetal and neonatal tissue.)

WEDNESDAY PM

706.8
SUBCELLULAR REDISTRIBUTION OF NMDA RECEPTORS IN
DEVELOPING VISUAL CORTICES OF CATS. C-G Go*. Chive
Aoki. N. Nurbhai. C. Venkatesan. X.-Z. Song & Ted M. Dawson-f. Ctr
for Neural Sci., New York Univ., NYC, NY 10003 & +Dept. Neurol. &
Neurosci., The Johns Hopkins Univ. Med. Schl., Baltimore, MD.
Earlier electrophysiological studies have shown that, during the
postnatal period spanning the critical period, NMDA receptors in the
visual cortex undergo alterations in their laminar distribution and are more
sensitive to blockade by NMDA-receptor antagonists. Using a previously
described antiserum directed against the NMDA-R1 subunit, we
determined whether these pharmacological changes correlate with changes
in the cellular and subceliular distributions of the receptor. During the first
three postnatal weeks, light microscopy showed prominent staining of a
small subset of neurons that were scattered throughout the cortical
thickness, including layer 6B. These neurons exhibited non-pyramidal
perikarya and varicose dendritic processes which were studded with
intensely immunoreactive patches. In addition, fine beaded processes,
most likely axonal, were prominent in the white matter. In contrast, tissue
obtained from older animals exhibited a more uniform distribution of
punctate labeling in the neuropil. Electron microscopy revealed that these
consist of immunoreactivity in small patches along plasma membranes of
dendrites, axons and terminals. These results indicate that the NMDA-R1
subunit undergoes dramatic redistribution during the critical period for
developmental plasticity. Supported by NEI-EY08055, NSF Presidential
Faculty FUwshp RCD 92-53750, NINDS NS30944-01 & HFSP RG-16/93.

706.10
SPONTANEOUS ACTIVITY OF NEURONS IN ORGANOTYPIC
CULTURES OF RAT NEOCORTEX DURING DEVELOPMENT IN VITRO.
D.Erhcvama* and KAlbu*. Neurobiology Groups, Max Planck Institute for
Biophysical Chemistry, 37018 Gottingen, FRG.
Neurons in organotypic cultures (OTCs) of rat cortex may develop highly
dependent firing patterns, including sterotyped burst pattern (1). We wondered
whether in neocortical OTCs spontaneous bunting activity displays a progessive
time-dependent onset as it has been demonstrated for neurons in OTCs of
hippocampus. Action potentials were recorded extracellularly from 640 neurons in
102 OTCs (from 3-9 days old rats, roller tube technique) of rat occipital cortex
between 4 and 64 days in vitro (DIV). Neurons were divided operationally into 4
classes: 1) Not spontaneously active (NonSp) neurons, detected only by electrical
stimulation; 2) Spontaneously active, regularly firing (SpR) neurons; 3)
Spontaneously active, bunting (SpB) neurons; 4) Spontaneously active, mixed
(SpM) neurons, i.e, with both SpR and SpB activity. In OTCs 4 DIV all activity
classes were prcKnt The proportions of activity classes changed during development
in vitro. From the first to the second week the proportions of NonSp neurons
decreased (from about 60% to about 30%) and that of spontaneously active increased
accordingly. From thereon no systematic change occured until the end of the 2nd
month. During development in vitro a slight (not significant) upward trend in average
firing rate; intraburst firing rate and burst duration was found. A spatial and temporal
analysis of firing patterns by means of double recordings revealed a high degree of
burst synchroucdty across OTCs with multiple sources for triggering individual
bunts. A progressive time dependent onset of bursting activity was not seen. Rather it
was found that SpB neurons, in particular those displaying longer lasting burets, were
present from the 4th DIV on in OTCs treated with more thin average mechanical
manipulation during preparation.
(1) Gutnick et aLE.B.R .76:131-140 (1989); McBain et al. JNMtth.Y!35-49
(1989). Supported by Av.Humboh SPAK 0025 and Gobiemo Vasco BIF94.046.

706.11

706.12

DEVELOPMENTAL CHANGES IN EVOKED SPATIAL ACTIVITY
PATTERNS IN CORTICAL SLICE CULTURES. Y. Jimbo1. P.J. Charlety1.
H.Kamioka1, H.P.C. Robinson*2, and A. Kawana1.. 'NTT Basic Res.Labs, 3-1
Morinosato Wakamiva. Atsugi-shi, Kanagawa 243-01.JAPAN. 2Phvsiol. Lab. Univ.
Cambridge. U. K.
Spontaneous synchronized activity is believed to play a role in the refinement of
connections in the developing nervous system. Developmental activity changes in
dissociated cortical cultures have been described previously (Charlety et al., Soc.
Neurosci. 1994, 534.9). Here we have mapped developmental changes in the spatial
profile of evoked activity in cultured cortical slices. P2 rat cortical slices were fixed by
gentle centrifugation onto substrates containing an array of 64 embedded electrodes, and
cultured. After 5 days in vitro (DIV), stimulation (1.5 V, 100 (is, every 5 s) was applied
individually through 16 different substrate electectrodes and the evoked responses were
recorded at 8 sites. In normal medium at 5 DIV, each stimulus evoked a burst of action
potentials of about 200 ms duration whose structure showed evidence of summed
activity from multiple neurons in the vicinity of the recording electrode. Latencies
varied with the site of recording, revealing an anisotropic propagation of the burst
activity through the slice from the site of stimulation. At 9 DIV, the duration of evoked
bursts was markedly reduced, to about 50 ms. In picrotoxin-containing medium at 5
DIV, the first evoked burst was followed by a sequence of bursts of reduced amplitude,
separated by more than 200 ms. At 9 DIV, the number of bursts evoked by a single
stimulus in picrotoxin was increased, and the interval between successive bursts was
shorter than at 5 DIV. This suggests that inhibitory synapses develop between 5-9 DIV
and play an important part in modulating the pattern of synchronized bursting.The
results suggest that, like dissociated cultures of cortical neurons (Robinson et al., 1993,
J. Neurophysiol. 70:1606), cultured organotypic slices have the capacity for propagation
of locally-synchronized bursting activity, that the pattern of propagation is determined
by the anisotropic structure of the local circuitry of the cortex, and that there is a
progressive sharpening in the local synchronization of bursting with development.

DEVELOPMENT OF CORTICOCOLLICULAR CELLS IN NORMAL
AND ANOPHTHALMIC MICE. M. KHACHAB* and L.L, BRUCE. Dept.
Biomed. Sci., Creighton University, Omaha, NE 68178.
Anophthalmic corticocollicular (CC) axons show a delayed growth into
the superior colliculus (SC) when compared to normal CC axons. This delay
may be due to a delayed development of the anophthalmic visual cortex or
to the absence of retinocollicular (RC) axons (Khachab and Bruce, Soc.
Neurosci. Abstr. 1994). To test these possibilities, the development of
anophthalmic CC neurons was compared to that of normal CC neurons.
Injections of the fluorescent dye, Dil, were made in the SC of normal
(C57BL/6J) and anophthalmic (129SV/CPorJ) embryonic and postnatal mice
to retrogradely label the CC neurons. In normal mice, labeled cells were
first observed at E15. These cells had a short apical dendrite that had not yet
extended to the superficial layers. By P0, the apical dendrites extended to
the superficial layers and 1 or 2 basal dendrites were present with no
collaterals. At P2, the basal dendrites had multiple branches and most apical
dendrites were bifurcated. At P4 and P6, the main shaft of the apical
dendrites ramified in the superficial layers forming an elaborate terminal tuft
and the basal dendritic tree continued to arborize. In contrast, cells in
anophthalmic mice were less mature at comparable ages. By P0, only a few
dendrites and a fine axon were present. By P6, some apical dendrites had
bifurcated and all appeared to extend to the superficial layers with a fine
terminal tuft. Basal and apical dendrites had relatively few branches and
dendritic collaterals. Thus, a delay in the maturation of the anophthalmic CC
neurons appears to be responsible for the delayed growth of the
anophthalmic CC axons rather than the absence of the RC axons.
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706.13

DENDRITIC DEVELOPMENT OF LAYER 4 STELLATE CELLS
IN CAT VISUAL CORTEX. C.J.Pace. S.B.Tieman*. D.G.Tieman.
and L.F.Henrv. Neurobiology Research Ctr., SUNY at Albany,
Albany NY 12222
The visual cortex of the cat develops many of its physiological
and anatomical characteristics after birth. However, there are few
studies on dendritic development in the visual cortex. We have
studied the postnatal development of the dendritic arbors of layer 4
stellate cells. These cells are the primary recipient of visual
information from the lateral geniculate nucleus. We intracellularly
injected individual neurons with biotinylated Lucifer Yellow within
300 micron fixed cortical sections and processed the sections by the
ABC method. Layer 4 stellate cells were entered into a computer
and analyzed in 3 dimensions using Sholl concentric rings. In
newborn kittens these cells already had most or all of their primary
dendrites and fairly extensive dendritic arbors. Branching increased
substantially within the first week and only slightly over the next 3
weeks. Dendrites grew in length for at least the first 4 weeks.
Additions to dendritic length were proximal as well as distal since
the length of first order branches increased. These results
demonstrate that dendritic development is coincident with the period
of synaptogenesis and mostly precedes that of sensitivity to
experience dependent modification.
Supported by NSF grant IBN9212426 to SBT.

706.15

706.16

NEURONS IN THE STRIATE CORTEX OF FOUR-WEEK POSTNATAL
KITTENS EXHIBIT ADULT-LIKE INHIBITORY PROPERTIES. E.S. Green.
G. C. DeAngelis, and R. P. Freeman*, Group in Vision ncience. UUnersity of
California, Berkeley, California 94720-2020.
Excitatory characteristics of neurons in the kitten's visual cortex are thought
to be largely mature by four weeks postnatal (Mitchell and Timney, 1984.)
However, the status of inhibitory properties at this age is not clear. We hare
studied specific inhibitory phenomena (end- and side-inhibition and crossorientation suppression) using single cell recordings in the visual cortex of fourweek kittens, and hare compared our findings with data from adults.
Responses were recorded extracellular^ from neurons in area 17 of
paralyzed and anesthetized kittens. To elicit excitation, we used drifting
sinusoidal, gratings of optimal parameters. To test for end- and side-inhibition
we varied the length and width of the excitatory grating. The tuning properties
of end- and side-inhibition were studied by varying the orientation and spatial
frequency ofpatches located outside of the excitatory receptive field. To measure
cross-orientation suppression the excitatory grating was overlaid with a drifting
grating of orthogonal orientation.
Our results show that all three types of inhibition are present in neurons of
kittens at four weeks postnatal. As in adults, every cell tested in the kittens
exhibited cross-orientation suppression, and maximal cross-orientation
suppression could be elicited from a region of approximately the same size as
the classical receptive field. Neurons showing end- and side-inhibition to a
similar degree, neurons showing only end-inhibition, and neurons showing only
side-inhibition were also present in kittens, and occurred in roughly the same
proportions as in cats. Finally, end- and side-inhibition were well-tuned for
orientation and broadly tuned for spatial frequency, as in adults. These
experiments show that intracortical inhibitory mechanisms are quite mature by
four weeks postnatal, and suggest that inhibitory and excitatory processes develop
in parallel. (EY01175)

706.17

Changing Patterns of BDNF and NT-4/5 Immunoreactivity During Visual
System Development. R. T. Cabelli*. S. Tavazoie. and C. I. Shatz. HHMI
and MCB, University of California, Berkeley, 94720.
Roles for neurotrophins " have been implied in both the selective cell
death and activity-dependent competitive remodeling of axons that occur
during the maturation of the mammalian visual system. In particular,
infusion of exogenous BDNF or NT-4/5 into visual cortex has been shown to
prevent the formation of ocular dominance columns. In addition, subplate
neurons, which undergo massive cell death during development, have been
shown to express trkB, the receptor for BDNF and NT-4/5, and stain with a
pan-neurotrophin antibody. Here we have used a polyclonal antibody
specific for BDNF, and 2 monoclonal antibodies directed against different
epitopes within NT-4/5 to characterize the localization of these
neurotrophins in the ferret visual system. During early neonatal
development (postnatal days 2-6) first subplate neurons and then cortical
layer 5 neurons become strongly immunoreactive for both BDNF and NT4/5. Staining of subplate neurons subsequently decreases, disappearing
between P22 and P31. Neurons in layer 2/3 become immunoreactive by PI 7
while neurons in layer 4 begin to stain for NT-4/5 but not BDNF by P32,
which corresponds to an early stage in ocular dominance column formation.
At ensuing ages BDNF immunoreactivity remains low in layer 4 and in the
adult BDNF containing neurons are seen predominantly in layers 2/3,5, and
6; while scattered layer 4 neurons are only lightly stained. In contrast, NT4/5 immunoreactive neurons are stained with equal intensity within all
cortical layers. The localization of BDNF and NT-4/5 suggests that 1)
that subplate neurons, which take up injected NT-4/5, may depend on
ligands of trkB for their survival during development, and 2) endogenous
NT-4/5 or possibly BDNF in layer 4 or other layers could play a role in
ocular dominance column formation. Supported by EY02858 (CJS).

706.18

RECIPROCAL LAMINAR LOCALIZATION AND DEVELOPMENTAL
REGULATION OF BDNF AND NT-3 mRNA DURING VISUAL CORTEX
DEVELOPMENT. E. Lein. A. Hohn* and C.J. Shatz. HHMI and Dept, of
Molecular and Cell Biology, University of California, Berkeley, CA 94720.
The segregation of thalamocortical afferents into ocular dominance columns
(ODCs) that occurs during visual system development in higher mammals is an
activity-dependent process in which inputs from the two eyes compete for
synaptic space within layer IV of visual cortex. One possible mechanism for
this process, which involves the selective growth and retraction of axonal
branches, is competition for a trophic substance released by the target
neurons. A growing body of evidence implicates the family of neurotrophins in
this process and other forms of synaptic plasticity.
A potential role in ODC plasticity for two of the neurotrophins, BDNF and NT3, was assessed using in situ hybridization to localize gene expression in cat
visual cortex before, during, and after the critical period for segregation of
thalamocortical afferents in layer IV. The expression patterns of these two
neurotrophins were found to be reciprocal, both temporally and in terms of
cellular localization. BDNF mRNA expression is hardly detectable in visual
cortex soon after birth (P7), but increases dramatically after eye opening (P15),
where it is first in found in large, presumably pyramidal neurons in deep cortical
layers. By the height of the critical period (P28), the pattern is similar to that in
the adult, with high levels in large neurons in both deep (V,VI) and superficial
(1I,III) layers. In contrast, 'NT-3 mRNA is expressed at high levels in visual cortex
prior to the onset of the critical period (P7), mainly in small, presumably stellate
neurons in the deep portion of layer IV (IVB). This cortical expression steadily
declines and is almost undetectable by the end of the critical period (P45). In
neither case was glial neurotrophin expression observed.
This dynamic change in neurotrophin expression during the critical period for
thalamocortical segregation suggests a role for these factors in the selective
growth and stabilization of eye-specific connections during ODC formation.
Supported by NSF predoctoral fellowship (EL) and NIH Grant ' E402858 (AH).
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LESION OF CHOLINERGIC BASAL FOREBRAIN NEURONS DOES NOT
AFFECT FUNCTIONAL DEVELOPMENT OF THE RAT VISUAL CORTEX.
Sl__ Siciliano,
N.
Berardi.
F.
Casamenti"
and
L.
Domenici*. Istituto di Neurofisiologia CNR, Pisa 56127
(Italy); ° Dept Pharmacol, Firenze (Italy).
Recently
it
has
been
shown
that
antagonizing
cholinergic
receptors
affects
visual
cortical
plasticity during early postnatal development (Q. Gu
and W. Singer, Eur. J. Neurosci. 5:475-485, 1993). Here
we tested whether in absence of the cholinergic input
from the basal forebrain (BF) the functional properties
of visual cortical neurons develop normally. Six rats
(Long Evans) were deprived of cholinergic input to the
visual cortex at the beginning of the critical period
(postnatal day 15) by unilateral stereotaxic injections
of quisqualic acid in BF cholinergic nuclei. One month
later we
performed
extracellular
recordings
under
urethane anaesthesia to assess the ocular dominance
distribution and orientation selectivity of visual
cortical neurons in area 17. At the end of recording
sessions rats were sacrificed and the extent of the
cholinergic depletion
was assessed in terms of the
acetylcholinesterase
pattern
and
by
measuring
the
choline acetyltransferase (ChAT) activity
at the level
of area 17 in both hemispheres. We found that lesion of
BF cholinergic nuclei did not substantially affect
either
the
ocular
dominance
distribution
or
the
orientation selectivity of area 17 neurones.
Supported by BIOMED BMH1-CT94-1378, HFSP RG 93/93.
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DEVELOPMENT AND PATTERN OF OCULAR DOMINANCE
COLUMNS IN FERRET VISUAL CORTEX E.S. Ruthazer*, G.E.
Bakeri«and M.P. Stryker. Neuroscience Graduate Program, Dept, of
Physiology and Keck Center for Integrative Neuroscience, UCSF, CA
94143, IDept. of Human Anatomy, Univ. of Oxford, UK
We have examined the developmental time course and spatial pattern
of ocular dominance column segregation in the sable ferret visual cortex
using transneuronal cortical labeling following injection of either 3Hprolme or WGA-HRP into one eye.
In adult ferrets the visual cortex consists of a large contralaterally
dominated monocular segment and a binocular segment near the area
17/18 boundary. In addition, and unlike normal cats, in the normal sable
ferret a band about 0.5mm wide along the area 17/18 border is
completely dominated by inputs serving the contralateral eye. In the
binocular segment, ocular dominance columns are distinctly labeled in
layer IV and more faintly in layer VI and show a patchy banded
appearance, much like columns in the cat. Columns are also present in
area 18 but are wider than those in area 17.
In postnatal day (PND) 30 ferrets a largely uniform distribution of
label along layer IV was observed in the binocular segment. By PND 37
there was a clearly periodic modulation in the pattern of label in layers IV
& VI, resembling that in the PND 21 cat. Over the following six weeks
the modulation became progressively sharper in both hemispheres,
suggesting increased segregation of the inputs serving the two eyes.
The onset of ocular dominance column segregation occurs about one
week earlier in the ferret than the cat (dated from conception) and from
the earliest stages of segregation includes a contralaterally dominated
zone at the area 17/18 border not seen in normal cats. Supported by NIH

EY027841, NIH T32-EY07120 and a Kleberg Fellowship.
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•GITTER CELLS’ IN DEVELOPING CORTICAL WHITE MATTER ARE
INVOLVED IN AXON PHAGOCYTOSIS AND TRANSFORM TO
RESTING MICROGLIA M. Schweizer* and_C,M. Muller; , Max-Elancfc

MAJOR COMPONENTS OF THE THALAMO-HYPERSTRIATAL
SYSTEM ARE ESTABLISHED BY THE TIME OF HATCHING IN
CHICKS (GALLUS GALLUS) Chi-Cheng Wu? K. Cox, and Harvey J.
Karten . Department of Neurosciences, University of California, San Diego, La Jolla,
CA 92093
Connections of the thalamo-hyperstriatal system of hatchling chicks were
investigated using multiple injections of cholera toxin subunit B (CTb) in the wulst.
In the ipsilateral telencephalon, we observed CTb-labclcd cells in hippocampus, lateral
portion of neostriatum frontale, neostriatum intermedium, dorsolateral portions of
neostriatum caudale, posterodorsolateral neostriatum, and other portions of -the wulst.
We observed CTb-labeled fibers in the paleostriatal complex. CTb-labeled cells were
also seen bilaterally in the archistriatal complex. In the diencephalon, CTb-labeled
cells were seen in dorsolateral is anterior thalami complex, n. superficialis
parvocellularis, and medial and posterior nuclei of the dorsal thalamus. Heavily
labeled fibers/terminals were present in the external half of the external laminae of
geniculatus lateralis, pars ventralis. Moderate to minor concentrations of labeling
were found in n. intercalatus thalami, ventrolateralis thalami, and geniculatus lateralis,
pars dorsalis principalis. Evidence of efferent projections of the wulst was observed in
the ventral half of optic tectum and many pretectal areas, including n. basal optic root,
pretectalis medialis, spiriformis medialis, principalis precommissuralis, and
lentiformis mesencephali, pars magnocellularis. In the brainstem, CTb-labeled cells
were observed ipsilaterally in n. tegmenti pedunculo-pontinus, pars compacta,
substantia grisea centralis, area ventralis, and locus ceruleus, and observed bilaterally
in n. tegmenti ventralis and linearis caudalis. The present data demonstrates that
major neuronal connections of the thalamo-hyperstriatal system are well established
by the time of hatching in chicks.
Supported by NIH NS24560 (HJK).

Institute for Developmental Biology. 72076 Tubingen. Germany
In early postnatal development thalamo-cortical projections of the mammalian
visual system undergo an activity-dependent reorganization giving rise to ocular
dominance and orientation maps. The adaptive changes include axon and synapse
elimination. A mechanism of such regressive plasticity may reside in the
phagocytotic capacity of glial cells. We tested this hypothesis by injecting the
lipophilic tracer Di-I into the thalamic lateral geniculate nucleus of kittens aged
between 2 and 8 weeks and monitoring transcellular staining due to phagocytosis

(Thanos et al, TINS 17:177, 1994) after survival times of one to 12 weeks.
Fluorescent microscopy revealed Di-I staining at three distinct locations:
i. retrogradely labeled layer VI pyramidal neurons, ii. a band of anterograde label
in layer IV, and iii. a distinct population of small cells in the white matter (WM)
underlying the visual cortex. Double labeling experiments with the astroglial
marker GFAP and the microglial/macrophage marker GSA-I-B4 identified these
cells as 'gitter cells'. Transcellular staining in WM was only observed when the
dye injection was performed prior to the third postnatal week, coincident with the
transient presence of 'gitter cells' up to that age. No transcellular staining of glial
cells was observed in the cortical gray matter. The faith of gitter cells was
assessed by GSA-I-B4 staining 10 weeks after Di-I tracing performed at an age of
two weeks. Cells in the WM, transcellularly stained by the early Di-I injection,
now revealed the typical ramified morphology of resting microglial cells. We
conclude that 'gitter cells' are involved in the phagocytosis of neuronal structures
in early postnatal development and lateron transform to resting microglia. The
failure to observe transcellular labeling of glial elements during the period for
activity-dependent plasticity challenges a phagocytotic role of glia as a mechanism
of regressive plasticity, i.e. axonal pruning. (Suppoited by the bmfto 3169O2)
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ADULT CENTRAL NERVOUS SYSTEM AXONS DO NOT REGENERATE
ACROSS A MICROLESION IN WHICH THE GLIAL FRAMEWORK IS
ALIGNED. S.J.A. Davies. P.M. Field and G.Raisman*. The Lee Research
Centre, Division of Neurobiology, NIMR, Mill Hill, London NW7 1AA, UK.
Microlesions were made by stereotaxicallypenetrating the cingulum with a 50/im
diameter micropipette. The cut ends of the caudally directed cingulate axons arising
from the cholinergic basal forebrain neurons were identified by immunohistochemistry of p75. From 1 day post-lesion, the proximal parts of the cut axons
were expanded into irregular terminal and preterminal varicosities, and emitted a
variety of fine sprouts. At no time after the lesion did any of the axons or sprouts
advance beyond the line of the lesion. At survival times up to 2 days 0X42
staining showed that the lesion site had been infiltrated by macrophages. However
by 4 days only ramified microglial cells with thickened processes aligned along the
longitudinal tract axis were present within the lesion site and extended as a flare for
about 600/xm caudally (i.e. in the orthograde direction). This microglial response
had largely subsided by 8 days after operation. From 3 days there was an increase
in both GFAP and vimentin immunoreactivity of the tract astrocytes at the lesion
site. Hypertrophy of the astrocytic processes tended to obscure their original
longitudinal orientation. This was reduced to virtually normal levels at 8 days, by
which time the arrangement of the tract astrocytes and their processes across the
lesion site was similar to that of an undamaged tract.
Thus, although the framework of glial cells and their processes in the cingulum
had resumed its normal alignment by 8 days, the cut axons and their sprouts showed
no signs of advancing not only during the initial phase of glial response, but also
for one week after this response had subsided. These observations indicate that the
failure of regeneration of adult axons is not due solely to unavailability of aligned
glial pathways.

AN IN VITRO MODEL OF THE DORSAL ROOT ENTRY ZONE.
J. Golding. D, Shewan. M. Beny and J. Cohen. SPON: Brain Research Association.
Div. of Anatomy and Cell Biology, UMDS-Guy's Hospital, London, UK.

707.3

(DREZ). To analyse the cellular and molecular mechanisms involved, we have
developed a culture model of the DREZ, using longitudinal cryosections of dorsal

adult rat spinal cord, with attached dorsal roots (DR), as a culture substrate for
dissociated rat DRG neurons, ranging in age from embryonic (E)13 to adult. After
culturing for 1-2 days, sections were triple-stained with antibodies to laminin (to
identify DR endoneurium and pia), GFAP (to identify astrocytes at the DREZ) and
GAP-43 (to label neurites and their growth cones). The DR supported robust neurite
outgrowth from neurons of all ages studied, in contrast to the age-dependent growth
we previously described on sciatic nerve cryosections (Bedi, K.S. et al; Eur. J,
Neurosci. 1992). Furthermore, die longitudinally aligned endoneurial tubes in the DR
acted as a conduit for growing neurites, thereby maximizing the number of growth
cone encounters with the DREZ. In agreement with previous in vivo studies, the
majority of neurites growing on the DR failed to cross the DREZ. In contrast, the
DREZ posed no barrier to neurites extending from neurons on the spinal cord.
Irrespective of neuron age, a small proportion (< 10%) of neurites approaching the
DREZ from the DR did cross onto spinal cord tissue and, in the case of neurons
isolated from El 3-El 7 rats, unlike older neurons, subsequent growth on the spinal

cord was extensive. The accessibility of this culture model to studies of DRG growth
cone interactions with the immature and adult DREZ, from both intact and prelesioned rats, should help elucidate the mechanisms underlying the failure of axon
regeneration across the DREZ. Supported by Action Research.

7Q7.4

THE CRITICAL PERIOD FOR GROWTH OF DORSAL SPINOCEREBELLAR AXONS
THROUGH A LESION OF THEIR SPINAL PATHWAY. STUDIES USING THE NORTH
AMERICAN OPOSSUM, DIDELPHIS VIRGINIANA J.R Term^X.M. Wang, and G.F.
Martin. Dept of Cell Biology, Neurobiology and Anatomy and Neuroscience Program, The
Ohio State University, Columbus, OH. 43210.
Opossums are bom at fetal stages of development, 12-13 days after conception, making it
possible to manipulate them experimentally without intrauterine surgery. We have taken
advantage of die opossum's embryology to show that axons of the dorsal spinocerebellar tract
(DSCT) are able to grow through a lesion of their spinal pathway from postnatal day (PD)
5-9 (Terman et al, 1994). Such growth does not occur in adult opossums (unpublished
observations), but the critical period for it has not been determined In order to address that
issue, opossum pups ranging in age from PD 13-68 and still attached to the nipple were
anesthetized so that their spinal cord could be hemisected at T8 or T9. They were maintained
with their mother for 1 -4 months postoperative^ before being subjected to bilateral injections
of Fast Blue or Fluoro-Gold into the anterior lobe of the cerebellum, the major target of
DSCT axons. The intent ofthe injections was to label any neurons in Clarice's nucleus (CN),
caudal and ipsilateral to the lesion, that supported axons which reached the cerebellum. In
the opossum, as in other species, DSCT axons originate within CN and project ipsilaterally
to the cerebellum (unpublished results). After 7 days survival, the pups were reanesthetized
and perfused intracardiahy with buffered formalin so that their spinal cord could be removed,
sectioned transversely, and examined with a fluorescence microscope. In all cases, neurons
in CN rostral to the lesion were labeled bilaterally in roughly equal numbers. Labeling in CN
caudal to fee lesion, however, was limited to the unlesioned side. This implies that by PD 13,

DSCT axons do not grow through or around a lesion of their spinal pathway to innervate fee
cerebellum. In contrast, at least some brainstem spinal axons grow through or around a
comparable lesion until PD26 (Wang et al, 1994; Martin et al, 1994). Our results suggest feat
the critical period for growth ofDSCT axons through a lesion of their spinal pathway ends
considerably earlier than feat for comparable growth of brainstem axons (Supported by NS25095 and 10165).
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The failure of lesioned axons from dorsal root ganglion (DRG) sensory neurons to
grow into the adult mammalian spinal cord has been attributed to the presence of
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ABSENCE OF PROGRESSIVE NECROSIS AND CAVITATION AFTER SPINAL
CORD CRUSH INJURY IN MICE, M. Fuiiki*. Z. Zhang. L. Guth and O.
Steward Dept, of Neurosci., Univ. of Virginia, Charlottesville, VA 22908. Dept.
of Biol., College of William and Mary, Williamsburg, VA 23185.
A new approach to CNS regeneration research involves the use of animals carrying
particular mutations (natural-occurring or induced). In the course of studies of the
effects of mutations on the response to spinal cord injury in mice, we discovered that
at least one substrain of mouse (the C57BL/6J substrain) does not exhibit the
progressive necrosis and cavitation that characterize the response to spinal cord injury
in other species. The spinal cord of adult C57BL/6J mice was crushed at T8 using an
extradural approach and animals were allowed to survive for 1,2,3,4 and 8 weeks.
The spinal cords were prepared for histological evaluation using the Bodian stain for
axons, and the trichrome stain for connective tissue. Reactive changes in astrocytes
were evaluated using GFAP immuno-histochemical techniques. The evolution of
cellular changes following crush injury in mice differed from what has been described
in other species. The injury completely destroyed neural tissue at the crush site. Over
time, the area of the crush was essentially completely filled in with non-neural tissue
including phagocytic macrophages and connective tissue. Even at the longest intervals
(8 weeks post-crush) the two ends of the spinal cord remained connected by an area that
was filled with cells and connective tissue with no cystic cavities. Astrocytes were not
present within the crush site, but astrocytic processes did form a glial scar at the edge
of the crush. At 8 weeks post crush, intact axons could be seen growing amongst the
non-neural cells in the crush site. These results indicate that mice have naturally solved
what is taken to be one of the key problems facing attempts to repair the injured spinal
cord — the prevention of progressive cavitation and necrosis. Thus, mice will provide a
useful model system in which to explore ways to promote axonal regeneration
following spinal cord injury. Supported by NIH Grant NS 32280.
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REGENERATION OF THE VESTIBULAR NERVE IN CATS. G. Li*.
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J. Elidan. A. Newman. I. Lopez, and V. Honrubia. Otolaryngology. HadassahUniversity hospital, Jerusalem, Israel;Victor Goodhill Ear Center, UCLA Sch. of Med.,
Los Angeles, CA. 90024
The purpose of this study was to examine the vestibular nerve regeneration in cats.
Under general anesthesia and in aseptic conditions, the cats (n=3) were subjected to a
VUIth nerve (vestibular part) neurotomy on both sides by suboccipital approach. The
animals were allowed to survive up to a maximum of 6 months. Short latency
vestibular evoked potentials (VsEPs) were recorded in response to angular acceleration
impulses. Auditory nerve-brainstem response (ABR) was also used for monitoring the
cochlear function. Following the nerve transection, the VsEPs disappeared
immediately. At two months post transection time (PTT), the VsEPs reappeared with
P] and P2 waves of longer latencies and smaller amplitudes. Four months PTT. P3-P4
waves were clearly recognized with P1-P2 latencies recovered to normal range. At the
6 th month PTT, the amplitudes of the P1-P4 waves dramatically increased and the
VsEPs had an appearance close to that observed before the transection. On the other
hand, ABR showed that the cochlear nerve was partially transected. No ABR recovery
was observed until the 6th month PTT. Histological examination indicated that the
Scarpa’s ganglion showed a full compliment of ganglion cells and the dendrites were
identified projecting to the cristae and maculae which were in a normal morphology. In
the centrifugal portion of the vestibular nerve and the brainstem, the nerve fibers had
lost their orderly pattern. The thicker and thinner fibers intermingled each other.
Protargol stained specimens demonstrated that these fibers were long, tortuous and
somewhat unusual trajectories comparing to control. However, these fibers finally
projected to the neurons in all the vestibular nuclei. Degeneration was observed in the
partially transected cochlear nerve. Therefore, the histological results supported the
physiological findings (ABR and VsEPs) following the nerve transections. The present
study suggests that the vestibular nerve is able to regenerate following the axon
transection in cats. (Supported by Oberkotter Foundation, U.S-Israel Bilateral
Foundation No.89-00l9l, and N1DCD grant DC01404)

INTRACELLULAR DENDRITIC ANALYSIS OF DENTATE GRANULE CELLS
FOLLOWING UNILATERAL ENTORHINAL CORTEX LESIONS. K.R.
Bulsara*, G.K. Pvapali, A.K. Shetty, and D.A. Turner.
Neurosurgery and
Neurobiology, Duke Univ. Med. Ctr. and Durham VAMC, Durham, NC, 27710.
Unilateral electrolytic lesions of the entorhinal cortex result in deafferentation of
ipsilateral dentate granule cells. Recovery in this deafferentation model has been
suggested to be due to terminal proliferation and synapse formation of the crossed
temporodentate pathway. However, enhanced electrophysiological activation of
granule cells by the crossed temporodentate pathway occurs within a few days
following the lesion, preceding anatomical correlates of synapse formation. Thus,
early recovery may result from either changes in granule cell dendrites (such as
sprouting or atrophy) or synaptic terminals rather than re-innervation.
We
investigated dendritic alterations in granule cells (6-8 week male F344 rats) in vitro
at ten days post-lesion by using intracellular neurobiotin staining. Adequately labeled
cells were reconstructed on a computerized 3D microscope (Neurolucida).
Normal granule cells show typical unipolar architecture, branches reaching the
hippocampal fissure and a total dendritic length of 3.55 ± 0.84 X 103 pm ' (n=10), in
agreement with previous data. Preliminary results at ten days following unilateral
entorhinal cortex lesions show a total dendritic length of 2.43 X 103 pm. The average
width of the entire molecular layer was reduced by 14% in lesioned animals to 189 ±
6.4 pm compared to 220 ± 8.5 pm in normal animals. Morphologically, granule cell
dendrites in the outer molecular layer of lesioned animals appeared tortuous as they
extended to the hippocampal fissure, possibly due to shrinkage.
These results indicate that loss of the perforant pathway may lead to shrinkage of
the molecular layer and possibly secondary dendritic alterations in granule cells. This
format of analysis may provide a method to assess both the physiological and
anatomical aspects of early functional recovery following the perforant path lesion.
Supported by HHMI (KRB), NIA (GKP), NINDS (DAT) and VAMC (DAT).

707.7

707.8

STRUCTURAL CHANGES IN ABDUCENS INTERNUCLEAR NEURONS
FOLLOWING THE TRANSECTION OF THE MEDIAL LONGITUDINAL
FASCICLE IN THE CAT. R.R. de la Cruz*. A .M. Pastor. C. Looez-Garcia. F.J.
Martinez-Guiiarro and J.M. Delgado-Garcia. Lab. de Neurociencia, Univ. de Sevilla,
41012-Sevilla and Lab. de Biologla Celular, Univ. de Valencia, 4600-Valencia, Spain.
The intemuclear neurons of the cat abducens nucleus project selectively on the
medial rectus motoneurons of the oculomotor nucleus. Their axons cross midline at
the level of the abducens nucleus and course through the medial longitudinal fascicle
(MLF) for a length of about 10 mm in the adult cat. We have studied this projection
as a model to characterize the response of central nervous system neurons to the
injury of their axons. The sectioning of the MLF was performed by a microknife
aimed through the cerebellum with an anteriorly directed angle of 45 deg to transect
the MLF -1 mm caudal to the trochlear nucleus. Abducens intemuclear neurons
observed at 6, 14 and 28 days post-lesion showed marked ultrastructural changes. In
contrast to controls, axotomized cells had a disorganized and dilated rough
endoplasmic reticulum and a hypertrophic Golgi apparatus. The density of axosomatic
synapses was noticeably reduced in the axotomized neurons; instead numerous
filamentous or multilayered glial processes appeared covering large areas of the
somatic membrane. Postembedding immunocytochemistry of semithin sections against
GFAP indicated an increase in immunopositive profiles both in the neuropil and
surrounding the somata. Biocytin-labeled axons of abducens intemuclear neurons
could be followed in parasagittal sections along the MLF caudal to the lesion site.
Axons did not penetrate across the scar tissue, but coursed in abnormal trajectories
like U-tums and right angles. Axonal terminals formed either big and smooth clubs
or sprouted into several short and thin collaterals exhibiting both terminal and enpassant bouton-like structures. In spite of the failure of axons to pass through the
lesion site, the presence of these bouton-like elements in the MLF caudal to the lesion
might represent some form of axonal regeneration in the central nervous system.

SPECIFICITY OF MOTOR AXON REGENERATION IN "PURE MOTOR"
NERVES. T.M. Brushart,* Y.G. Chen.
Depts. of Orthopaedic
Surg. and Neurology, Johns Hopkins, Balt., MD 21287.
Motor axons regenerating in mixed nerve preferentially
reinnervate former motor pathways. However, the influence
of regenerating sensory axons on this process in unknown.
These experiments examine the specificity of motor axon
regeneration after DRG excision. "Pure motor" femoral
nerves were prepared in 1 month old rats by excision of
the ipsilateral L2, L3 and L4 DRG’s. Three groups of 20
experimental nerves were prepared by DRG excision and
simultaneous repair of the proximal femoral nerve,
enclosing a
mm gap within silicon tube. Groups were
evaluated at 2, 3 and 8 weeks by double labeling femoral
sensory and motor branches with HRP and FG. Labeled motor
neurons were counted and scored as to their projection
into the. motor branch (M), sensory branch (S), or both
branches (double labeled, DL). Mean motor neuron counts
(N = 20/gp) were: 2 weeks; M-126, S-57, DL-31: 3 weeks;
M-194, S-87, DL-33: 8 weeks; M-279, S-76, DL-25. In
the 8 week group, a mean of 834 myelinated axons
reinnervated the motor branch and a mean of 517
reinnervated the sensory branch. Motor neurons preferentially reinnervated the motor branch at all times. In
comparison with previous studies, specificity was greater
and occurred more quickly when sensory axons were
removed. Motor neurons retained twice as many axon
collaterals when projecting to the sensory branch as
opposed to the motor.

707.9

707.10

WITHDRAWN

A QUANTITATIVE EM ANALYSIS OF RAT NERVE DEGENERATION
AND REGENERATION. J.M. Kerns* and J.Landloti. Anatomy Dept.,
Rush Medical College, Chicago, IL 60612.
The purpose of this study is to quantify the cellular and extracellular
characteristics of nerve degeneration/regeneration using volume fraction and
cell density analysis of electron micrographs. Random fields (n=10) were
selected from 7 dpo injured nerves (n=4) at regions taken before, at, and
after the front of regenerating axons, determined with the vibrating probe.
The mean nerve fiber density dropped significantly in the distal degenerating
nerve segments when compared to proximal normal nerve; the degenerating
fibers were still being removed by macrophages.
Conversely, the
endoneurial space, which is related to tissue edema, showed a significant
increase when compared to normal nerve. Volume fraction values were
significantly increased in the distal regions for Schwann cells, macrophages,
and fibroblasts, while cell density data suggested the fibroblasts did not
increase in cell number. These findings are consistent with the tissue
swelling and cellular proliferation characteristics of inflammation. As
expected, both volume fraction and ceU density values of the regenerating
axons diminish at regions more distal from the lesion site.
This
ultrastructural portrait of sprouting axons regenerating through the terrain
of degenerating nerve is consistent with current hypotheses. Finally, these
comparisons of specific volume fraction and ceU density values may improve
our interpretation of MRI studies of injured peripheral nerve.
Supported by NIH grant NS19769, BRSG 507RR5477 and the Enelow Fund.
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OCCURRENCE OF EPIDERMAL NERVE ENDINGS IN GLABROUS AND
HAIRY SKIN OF THE RAT FOOT AFTER SCIATIC NERVE REGENERATION. N. Stankovic1»2, 0. Johansson3 and C. Hildebrand^*.
Dept Cell Biology!, Dept Plastic Surgery, Hand Surgery &
Burns2, Faculty of Health Sciences, University of Linkoping
Linkoping, Dept Neuroscience3, Karolinska Institute,

ANATOMICAL BASIS OF NERVE REGENERATION IN HUMAN
SKIN TRANSPLANTS. G.C.Panzica*0. A.Paraninfo0. A. Garzino°.
G.Ramieri§. M.Calcagnioo. M. Stellaoo. S. Teich-AIasiaA °DepL Human Anatomy &
Physiology, §Dept.Maxillo-Facial Surgery, °°CTO, Dept. Plastic Surgery and Bum
Unit, AFPSRU, Torino (Italy)
In recent years the study of the human skin innervation received new impulses by
immunohistochemical techniques. There are, however, only a few studies dealing
with functional markers in both the normal and transplanted skin. Previous
investigations performed in our laboratory demonstrated the presence of nervous
structures, identified by means of structural markers (PGP 9.5, S-100), also in skin
transplants. Io the present study we analyzed the immunoreactivity for both structural
(PGP 9.5) and functional markers of sensitive nerve fibers [calcitonin gene-related
peptide (CGRP), substance P (SP)] in biopsies of skin transplants from several areas
ranging from 3 months to 8 years. The PGP 9.5 immunoreactive structures are
qualitatively distributed in a similar way in normal and transplanted skin, although a
marked reduction was observed in the latest. We detected the presence of innervated
and non-innervated Merkel cells, intraepidermal fibers, and, in a limited number, that
of capsulated receptors. Immunoreactivity for CGRP is present in almost all the
structures detected with PGP 9.5 (including some of the Merkel cells, but not the
capsulated receptors), although their total number is greatly decreased. Finally in
some samples a very limited number of SP-immunoreactive structures (mainly
intraepithelial and intradermal fibers) was observed. Our study shows that
regenerating nervous structures in human skin may exhibit immunocytochemical
markers indicating a potential functional activity. Their number is greatly reduced in
comparison with normal skin, but their qualitative distribution seems not altered,
suggesting the regeneration involves all the different classes of nerve fibers
innervating the skin. Further quantitative studies are required to understand if
functional recovery of the transplant and presence of neurochemical markers might be
related. This work was supported by FPSRU

Stockholm, Sweden
The occurrence and distribution of intraepidermal nerve
endings in hairy and glabrous skin of the rat foot was
examined in normal cases and three months after sciatic
neurotomy/suture or a crush lesion. Nerve endings were
visualized in cryostate sections with antibodies against
protein gene product 9.5. Normal glabrous skin exhibited

23.3 enninng/mm llenth. NNerotomy//sture caaes had 6.1
endings/mm. In crusaed rate the occurrence was normal, but
the intraepidermal nerve endings tended to be abnormally

short and occurred mainly in the basal layer of the epidermis. In sections from hairy skin countings were not
possible. Subjective evaluation indicated that the occur-

rence of dermal and epidermal axon profiles usually was
deficient after neurottmy/sttute and normal after crush.
Skin samples from the contralateral side of operated
animals showed a normal occurrence and distribution of
nerve endings. Cases subjected to nnuothtm//stttoe showed
increased numbers of immunornactive intraepidermal cells
and an abnormally thin epidermis. A deficient regeneration
of intraepidermal nerve endings may be one factor behind
the uneatnsfaattr/ rnetitution of sensory function after
neurotomy and etture.

707.13

707.14

Histochemical Analysis of Sensory and Motor Axons and Neuronal Cell Bodies
Following Axotomy of the Median-Ulnar and Sciatic Nerves of Adult Rats.
Maaas, M.Y. ». Riley, DA, Lehman. CT. Department of Cellular Biology and
Anatomy, Medical College of Wisconsin, Milwaukee, WI 53226
Current studies on peripheral nerve regeneration do not discriminate the
regenerating fibers as either alpha motor or sensory axons. Carbonic anhydrase (CA)
and cholinesterase (CE) histochemical activities of nerve fibers distinguish myelinated
sensory and motor axons, respectively. In our previous studies of the rabbit sciatic
nerve, regenerating sensory axon sprouts appeared in the earlier and in greater
numbers than motor axons. A rat model was developed to determine whether axonal ‘
regeneration onset is dependent upon the distance of the nerve cell body from the
axotomy site; and if so, whether neurons are triggered to sprout following axotomy by
an early retrograde signal from the injury site. The right median-ulnar and left sciatic
nerves of male Sprague-Dawley rats (225-275g) were studied. Motor and sensory cell
bodies are at a similar vertebral level for the median-ulnar nerve; in the sciatic nerve,
motor cell bodies are further rostral by 4.0 cm. Both nerves were axotomized, and the
proximal stumps sampled 10, 30, or 90 days later. Histochemical staining for carbonic
anhydrase and cholinesterase was performed on serial cryostat sections, and the ratio
of CA/CE positive regenerating fibers was counted. For transport studies, the nerves
were crushed, injected at crush site with 5 gl of 1% WGA-HRP, ligated and axotomized
distal to crush site. HRP activity was visualized in the dorsal root ganglia and ventral
horn of the spinal cords using tetra-methyl-benzidine histochemistry 12, 24, and 48 hrs.
after injection. The CA/CE ratio of positive axons in the median-ulnar and sciatic
nerves were: 2.5+02SD and 1.6+0.1 in control (non-injured); 75+2.0 and 682+35 at
10 days; 8.0+2.0 and 16.3+1.6 at 30 days; and 1.^+0.1 and 0.7+0.1 at 90 days,
respectively. The transport studies showed dorsal root ganglia labelling for both nerves
at 12 hrs. Motor cell bodies of the median-ulnar nerve also labelled at 12 hrs., but
those of the sciatic nerve were not labelled until 48 hrs. Results show that axon
regeneration is directly related to the distance between soma and axotomy site and are
consistent with injured neurons being signaled to regenerate by a retrogradely
transported factor. (Supported by NAG-522)

CELLULAR FACTORS INVOLVED IN NEUROMA FORMATION. D .M.
Zhanq. R.W. Beuerman. S. Zhao, H. Tran, D, Kline, H. Gould*. Depts. of
Ophthalmology, Neurosurgery, and Neurology, LSU Medical Center, New
Orleans, LA 70112.
Nerve growth factor (NGF) and its low-affinity receptor (NGFR) have
recently been detected in the .distal segment of the sciatic nerve 6 hours
to 14 days after transection. We have investigated cellular localization of
NGFR, growth associated protein (GAP-43), basic fibroblast growth factor
(bFGF), and FGFR1 at 2 weeks to 12 months in a monkey neuroma
model and in human neuromas. In the monkey 2 weeks after transection,
tibial nerve proximal segment immunoreactivity for NGFR was found in the
perineurium and less intensely in endoneurium. In both monkey and
human neuroma, intense staining for NGFR was associated with
disintegrating fibers. We also found staining of Schwann sheaths
surrounding masses of axons. Immunoreactivity for NGFR was more
intense in 12-month monkey specimens and in human neuromas than in
2- week m onkey nenroma. Proximal segments of tfe neuroma showed
equal axonal staining for GAP-43, whereas very few thin disorganized
fibers were stained with GAP-43, and the number of GAP^-stained
fibers decreased with time of neuroma development. Western blot of
3- month hc^k yeuroma showee d Sedreans in UFGF a na FGFR1,
compared with the proximal segments. In conclusion, the increase in
NGFR, together with the decrease in GAP-43, bFGF, and FGFR1, may be
related to the formation of the neuroma. However, the role of NGFR in the
development of the axon mass of the neuroma is not clear. Supported in
part by DAMD17-93-V-3013.

707.15

707.16

Long-term Changes of Motor Unit Organization after Peripheral
Nerve Repair
A.Mautes. M.Lehnert. Ch, Braun and A.C. Nacimiento*. Neurosurgical
Research Laboratory and Department of Trauma Surgery, Saarland
University, Medical School, 66421 Homburg/ Saar
Previous work from our laboratory showed that end-to-end or graft
repair of the transected peroneal nerve alters histochemical profile of
reinnervated extensor digitorum longus (EDL) muscle in the rat by
inducing fiber type conversion leading to an additional fiber type (SDHINT) with reactivity between those of type IIA and IIB fibers. This type
is not present in the normal EDL of young adult rats. An early, bilateral
increase in number of SDH-INT 3 months after repair was followed by a
decrease after 6 months, indicating partial recovery of motor unit
organization pattern. To analyse degree and scope of this reversibility we
extended our investigation to 15 months postoperative. After computer
assisted quantification of histochemical typing, the values obtained were
compared with those of animals with intact innervation of the same age.
Results: SDH-INT number increased significantly through conversion of
IIA fiber type on the operated, but not on the contralateral side after endto-end repair. No differences were observed after grafting. In intact
muscle SDH-INT fiber type was also present, but to a lesser amount.
Conclusion: Postrepair alteration of motor unit organization was not
reversed with time, suggesting a reduction of motor unit plasticity
enhanced by an interaction between reinnervation and concomitant age
related changes of fiber type composition.

TYROSINE HYDROXYLASE-IMMUNOREACT1VITY IS EXPRESSED IN DORSAL
ROOT GANGLIA OF CHICK EMBRYOS AFTER SPINAL CORD TRANSECTION.
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P.A. Gurul6. A.Y. Gonzales. K.D. Kemp and I.A. Wallace*. Dept, of Anatomy, Univ.
of New Mexico Sch. of Med., Albuquerque, NM 87131.
CatecWelsmiuergic phenotype traits, such as the expression of tyrosine hydroxylase
(TH), are normally not associated with cells of the dorsal root ganglia (DRG).
However, cells derived from embryonic quail DRG synthesize TH as well as
catecholamines when grown in culture, although these properties are not found in
normal developing embryos (Xue et s I.,'85). Iu contrast, small numbers of THimmuuereactivn (TH-IR) cells are present.in many DRG in chick embryos, and we
report here a striking change in the number of these cells in animals that have
undergone spinal cord transection. Animals underwent complete mid-thoracic spinal
cord transection either on E12 or E14 according to the methods of Hasan et al.' 93
(all animals were prepared in the laboratory of Dr. J. Steeves, Univ. Of British
Columbia), and were later sacrificed on E2O-21. Analysis of embryos transected on
E14 revealed an .increase in TH-IR cells within DRG throughout the thoracic cord,
although the increase was most prominent at the level of initial cord lesion with up
to 25-30 TH-IR cells observed per 10 pm section of DRG. The increase in number
of TH-IR cells decreased markedly in both cervical and lumbar cord segments.
Control unboned animals at E21 demonstrated at most 2-3 immuuestaiueF cells per
section of DRG at any cord level. In embryos lesioned on E14 the TH-IR cells were
dispersed throughout the DRG and appeared as primary sensory neurons ranging
from 20-30 pm in diameter; some with a single thick immuuostsiueF axon. In
contrast, no comparable changes were discerned in embryos transected on E12. It
is possible that the expression of TH by chick embryonic DRG neurons results from
injury to central projections of the cells or appears as a response to synaptic
rearrangements and exposure to various trophic factors in the spinal cord during the
recovery period. Supported by DHHS-GM08222 and RR08139.
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707.17
FORMATION OF SYNAPTIC CONNECTIONS IN THE PTEROPOD
MOLLUSC CUONE LIMACINA: REGENERATIONAND CELL CULTURE
STUDIES. Yu. Panchin. L, Popova*. P. Zelenin, R. Sadreev. Belozersky Institute
of Physico-Chemical Biology, Moscow State University, 119899, Moscow, Russia.
The neuronal network controlling rhythmic wing movements in the
pteropod mollusc Clione limacina is located in a pair of pedal ganglia
interconnected by commissure (C). Most neurones comprising the network, as well
as their connections have been identified. The motoneurons project to the wing
muscles via ipsilateral wing nerve (N). The intemeurons provide coordination
between the left and the right wings by means of their axons in C. It was shown
that, in the otherwise intact animals, the original connections of the moto- and
intemeurons regenerated after crushing their axons. A new technique to study this
regeneration in vitro was used in the present investigations. The isolated pedal
ganglia were embedded in agarose gel and cultured in different positions to each
other: NN - the stump of the wing nerve of the right ganglion contacted the stump
of the left wing nerve; NC - the stump of the wing nerve of the ganglion contacted
the stump of the commissure of the other ganglion; CC - the stump of the
commissure of two ganglia contacted each other. Intemeurons were able to outgrow
only through the CC contact. In this case, they restored correct connections with
their original targets. In two other cases the intemeurons sprouted in their own
ganglia only. The motoneurons were able to cross all three types of contact. They
formed chemical connections which were not present in the intact ganglia, the
connections resembled the neuromuscular aoetylcholinergic synapses formed by the
motoneurons on the muscle fibres. The abnormal chemical connections were also
found in the pairs of cultured isolated identified motoneurons. (Supported by ISF
grant MJU000 and KVA grant for Swed.-Russ. sci. coop.).
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708.1

708.2

DIRECT AND INDIRECT DETECTION OF FLUORESCEIN
LABELLED NUCLEIC ACID PROBES FOR IN SITU
HYBRIDIZATION. I. Durrant* and S. Brunning. Amersham
Laboratories, Amersham, Buckinghamshire, HP7 9LL, UK.
In situ hybridization is a powerful technique for the study of
mRNA, genomic sequences and viral infection within the structure
of cells, tissues and chromosomes. A non-radioactive system has
been developed which uses fluorescein as a label for DNA, RNA and
oligonucleotide probes. The efficiency of the labelling reaction can
be monitored in a rapid, semi-quantitative assay based on the
fluorescent properties of the label. The system uses a hybridization
buffer which is formulated to enhance specific signal and reduce
background. Various detection procedures have been utilised to
reveal the fluorescein labelled hybrids. Comparison has been made
in terms of resolution, sensitivity and speed for direct and indirect
detection of the fluorescein label. The direct method utilises
fluorescence microscopy whilst the indirect methods utilise anti fluorescein antibody conjugated to either alkaline phosphatase, HRP
or gold and detected using appropriate substrate systems. These
include NBT / BCIP, cobalt enhanced DAB, luminol based
chemiluminescence or silver enhancement. Model systems used in
this work including POMC detection in rat pituitary sections.

A RIBONUCLEASE-RESISTANT AND REPRODUCIBLE METHOD OF IN
SITU HYBRIDIZATION HISTOCHEMISTRY IN RAT BRAIN TISSUE. M. E.
Wolf*. H. Y. Chen and W. X. Lu. Dept. of Neuroscience, Finch University of
Health Sciences/ The Chicago Medical School, North Chicago, IL 60064

708.3
PERIAXOPLASMIC PLAQUES ARE NOVEL RNA-ASSOCIATED
STRUCTURES LOCALIZED SUBJACENT TO THE AXOLEMMA OF
THE MAUTHNER CELL AXON. E Koenig.* Dept. of Physiology,
Univ. at Buffalo, Buffalo, NY 14214.
Recently, ultrastructural analysis of unstained, ultrathin sections
of isolated M-cell axons, using electron spectroscopic imaging (ESI) of
RNA phosphorous, revealed random clusters of 25 nm signals typical of
ribosomes, which appeared only above the phosphorous absorption edge.
The clusters were distributed intermittently in the cortical zone and were
not present in RNase digested axoplasm (Koenig & Martin Soc. Neurosci.
Abstr. Vol 20, Part 2, p. 1332, 1994). Surface inspection of isolated Mcell axoplasm after staining with YOYO-1, a selective, nucleic acid
fluorescent dye, reveals periaxoplasmic plaque-like bodies, which vary in
size, shape, intrinsic organization, and fluorescence intensity. Structural
correlates are often visible in phase-contrast and DIC microscopies.
Associated with regional domains of some plaques are discrete
fluorescent puncta, which are distributed within a volume extending into
the ectoplasm. All YOYO-1 fluorecent structures are sensitive to RNase.
Confocal microscopy after double labeling of isolated axoplasm with
rhodamine-phalloidin and YOYO-1 indicates that the plaques can be
superficial to and/or integrated within the cortical actin layer.
Periaxoplasmic plaques, which are structurally labile unless stabilized in
isolated native axoplasm, may be ribosome-associated domains.
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Two major problems limiting neurobiological applications of in situ
hybridization are: 1) contamination by ribonuclease (RNase), which is difficult to
avoid and therefore makes the method difficult to establish for many laboratories,
and 2) lack of reproducibility, which makes the method inadequate for detecting and
quantifying changes in mRNA levels. Based on a previously described method for
free-floating brain tissue (Brain Res. 578: 155, 1992), we have developed a
modified method of in situ hybridization that addresses these problems. Briefly, rat
brains are perfused with saline containing 0.02% diethyl pyrocarbonate, a RNase
inhibitor, followed by fixative solution (4% paraformaldehyde). Brains are cut
frozen (40 pm) and sections stored free-floating in an ethylene glycol-based
cryoprotectant solution at -20°C. Brain sections are then rinsed in 50% formamide
and 4 x SSC, and hybridized with 35S-labeled oligonucleotide probes at 37°C
overnight. Thus, RNase resistance is afforded by the inclusion of RNase
inhibitors during steps in which mRNA is vulnerable to RNase digestion,
alleviating the need to maintain RNase-free conditions during experiments. These
changes result in higher levels of specific hybridization, while maintaining low
background. In addition, a high level of reproducibility is obtained, both for
sections obtained from the same animal and for corresponding sections obtained
from different animals. This method has been characterized for preproenkephalin
and glutamate receptor GluR 1-4 mRNAs. Suported by USPHS Grant DA 07735.

708.4
DIFFERENT RATES OF PROLIFERATION OF HSV STRAINS MAY
CONTRIBUTE TO SPECIFIC PATTERNS OF VIRAL SPREAD IN THE
CNS. J. H. LaVail.*, A. L. Rothman. S. M. O'Rourke, and K. S. Todd . Dept,
of Anatomy and Neuroscience Program, UCSF, San Francisco, CA 94143.
Different viral strains have been shown to correlate with patterns of
intercellular transport of Herpes simplex virus (Type 1) (HSV) within the
CNS. Mclntyre-B strain undergoes retrograde transneurona transport, i. e.,
from cell bodies to nearby axons; HI29 strain undergoes anterograde
transneuronal transport, i. e., from axons to nearby cell bodies. Mechanisms
that might account for the different viral behaviors include preferential uptake
by axons or cell bodies/dendrites; a defect in anterograde or retrograde axonal
transport; and different rates of viral proliferation or release. Our goal was to
determine whether the behaviors could be correlated with the abilities of the
viral strains to undergo anterograde or retrograde transport or with preferential
infection of domains of the plasma membrane. The corneas of B ALB/c mice
were inoculated with equivalent titers of Mclntyre-B or HI29 HSV. After 3-5
days, the mice were killed, and the trigeminal ganglia (TG) and brainstem
were examined immunocytochemically for the presence of HSV antigens.
Both strains were transported in the retrograde direction to TG cells and
labeled equivalent numbers of TG neurons. However, the Mclntyre-B
infected TG displayed fewer lymphocytes or HSV-positive axons or glial cells
than the HI29 infected TG. Although both strains were capable of
anterograde transpqrt of virus, viral infection in the n. of the spinal tract of V
in the Mclntyre-B infected animals was delayed by one day. We also studied
the apical and basolateral plasma membrane domains of MDCK II cells as
models for polarized uptake by neuronal axonal and dendritic domains. Half
of the cultures were treated with EGTA to disrupt tight junctions between cells
and expose the basolateral cell surface. Equal titers of virus were applied to
the cultures, and the number of immunopositive foci per pfu inoculated was
measured. The strains were identical in their preferential infection of the
basolateral surface of the MDCK cells. However, the H129 strain of HSV
yielded 2.3-fold the number of foci per pfti as as did the Mclntyre-B strain
virus. The increased proliferation or viral release of HI29 may lead to a more
robust anterograde transport of virus following viral inoculation in the CNS.
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708.5
ADENOVIRUS TRANSFER OF GREEN FLUORESCENT PROTEIN FOR
LABELING PRIMARY MAMMALIAN NEURAL CELLS. K. Moriyoshi1.
L.J.Richards2. Q , Akozawa2, S^Nakanishi1* D..P-M,,..Q'LftMq2*, Inst, for
Immunology, Kyoto Univ., Kyoto, Japanj& The Salk Inst., La Jolla, CA2.
The jellyfish protein, green fluorescent protein (GFP), is a
bioluminescent protein shown to be effective at labeling touch receptor
neurons in transformed C.elegans (Chalfie et al.'94). Due to its small
coding region (0.7 Kb), GFP has the potential to be used to tag other gene
products (Marshall et al.'95), or as a marker for neural cells in living
preparations since it requires no fixation or substrate to be visualized with
a fluorescent microscope. GFP has effectively labeled neural cells in
worms (Chalfie et ^.’94), Xenopus (Wu et al.'95) and zebrafish (Tannahill
et al.'95), but not in mammals. We have been modifying the GFP gene and
testing the efficacy of different promoters to increase the fluorescence
labeling of mammalian neural cells. We placed GFP under the control of
the CAG promoter (Niwa et al.'91) and found that in COS cells GFP
labeling was bright, although concentrated in the nucleus; but in primary
neural cell cultures labeling was dim. To improve the fluorescence
intensity we repeated the GFP mutations created by Helm, Cubitt & Tsien
('95). These mutations, in addition to the CAG promoter, produced strong
fluorescence. To modify GFP localization, we have also made fusion
constructs of the GFP with the membrane associated region of other
proteins, and a tandem GFP repeat construct. The fusion constructs
produced a strongly fluorescent protein localized to the cell membrane of
primary neuronal cultures. By coupling the modified GFP-CAG constructs
with the replication-incompetent adenovirus gene transfer system, we are
assessing the efficiency of this system for labeling neural cells in vivo.

WEDNESDAY PM

708.6
A NEURAL CELL-TYPE SPECIFIC GENE
EXPRESSION SYSTEM USING RECOMBINANT
ADENOVIRUS VECTORS. M. Hashimotdl J. Amga-1. Y.
KanegaeX I, Saitoh S. YoshidaX Y. Hosoyal H. Yaginuma*4
and K. Mikoshibal*2 iMol.Neurobiol. Lab., RIKEN, Tsukuba,
Ibaraki 305, Japan, ^Inst. of Med. Sci., Univ. of Tokyo, ^Cell and
Information Group, RIKEN, ^Univ. of Tsukuba.
We demonstrated a neural cell-type specific gene expression using
adenovirus vector, which is useful for delivering foreign genes into
quiescent neural cells. We produced eight recombinant replicationdefective adenoviruses carrying the LacZ reporter gene driven by
various promoters, including those of L7/PCP2 gene (highly
restricted expression in cerebellar Purkinje cells), and the myelin
basic protein (in oligodendrocytes) gene. We demonstrated in vitro
and in vivo promoter-driven, neural cell-type specific gene
expression by recombinant adenoviruses. Primary culture of mouse
cerebellum were infected with these adenoviruses. When we can
observe LacZ gene expression only in Purkinje cells with ILl-LacZ
vector and in oligodendrocytes with MS?-LacZ vector. We also
introduced these adenovirus vectors into the organotypic slice
culture of mouse cerebellum and in vivo injection into rat
cerebellum. These cell type-specific adenovirus vectors make it
possible to study the molecular mechanism underlying, development
and functional organization of the nervous system. Thus,
adenovirus vectors are useful in cell-type specific therapeutic uses
and studies requiring neural cell-type specific gene expression.

708.7

708.8

CATIONIC LIPOSOME-MEDIATED EXPRESSION OF
BACTERIAL BETA-GALACTOSIDASE (b-gal) IN CULTURED
SPINAL TISSUE. H.M.E. Azzazy**, R.C. Benjamin^, and G.W.
GrossX (1) Clinical Laboratories, Univ. of Maryland Medical
System, Baltimore MD 21201, and (2) Department of Biological
Sciences, Univ. of North Texas, Denton TX 76203.
Control expression vectors pCMV-b-gal (Stratagene) and pSV40b-gal (Promega) were complexed with rhodamine-labeled cationic
liposomes (made of DDAB or DOPE and DOTAP, 1:1 mole ratio)
and applied to 3-8 week cultures grown from dissociated embryonic
(E-14) murine spinal tissue. Cells were incubated with DNA/liposome complexes (2:1 mole charge ratio) for 4 h after which the
medium was changed and cells were post-incubated for 48 hr with
no resulting overt cytotoxicity. Histochemical staining of these
cultures for b-gal revealed strong staining in some glia cells of the
carpet. Control staining of non-transfected cells or cells treated
only with plasmid DNA was negative for b-gal. So far we have not
seen any neurons stained for b-gal. Mechanisms of molecular
delivery could be (i) endocytosis, as demonstrated by the
localization of intact liposomes inside cells with electron
microscopy, and (ii) fusion, because of the strong, uniform
fluorescence seen in all neurons (and some glia) treated with
rhodamine-labeled liposomes. In light of strong rhodamine staining
of neurons and weaker staining of glia, we anticipate that most cells
in these cultures received the vectors but that only a few glia were
able to express b-gal. We conclude that cationic liposomes hold
promise as a delivery system for transformation of mature
mammalian neurons.

FURTHER CHARACTERIZATION OF A NOVEL NEURONAL MARKER
FOR CELL LINEAGE STUDIES. I.A. Coleman*. A. Sonshine, and K.A. Keiley.
Fishberg Res. Ctr. for Neurobio. The Mount Sinai Sch. of M<ed, New York, NY 10029.
Thy-1 is a cell surface protein 'of the immunoglobulin superfamily,
expressed on all neurons except those of olfactory epithelial origin. We
have attempted to take advantage of the widespread neuronal expression
of this gene by using it to produce a novel marker for cell lineage studies in
the developing cerebral cortex. Our initial strategy was to use the Thy-1
promoter and regulatory regions to drive the expression of a bacterial
marker protein.
Due to the complexity and apparent positional
dependance of the Thy-1 enhancer elements, we were only moderately
successful (Soc. Neuro. Abst., 19: 1260, 1993). Our next approach was to
make a minor modification to the Thy-1 gene; the signal sequence was
replaced with a unique 8 amino acid sequence ("FLAG" epitope; IBI, New
Haven, Conn.). In the resulting cytoplasmic epitope-tagged Thy-1 (CET)
transgenic mice, CET transcript was expressed only in tissues that normally
express Thy-1 and CET protein was localized to the cytoplasm (Soc. Neuro.
Abst., 20:57,1994). We now report the production of homozygous mice from
one transgenic line. Quantitation of mRNA levels by protection assay
suggests that the level of CET transgene mRNA in homozygous mice is about
12 times the level of endogenous Thy-1 mRNA. Preliminary immunocytochemistry in homozygotes reveals widespread expression of the

transgene in the cortex. In addition, northern analysis indicates the
developmental expression of CET mRNA parallels the expression of Thy-1
mRNA, suggesting that the transgene is regulated in the same manner as
the endogenous gene. We are now in the process of identifying, by in situ
hybridization, the cell types that express the CET transcript and are
optimistic that we will be able to begin our cell lineage studies soon.

708.9

708.10

IMAGE CYTOMETRY OF B-GALACTOSIDASE REPORTER GENE
EXPRESSION FUSED TO GAP-43 GENE IN RAT PC-12 CELLS.
Y. Liu and L.E. De Bault. Department of Pathology, University of
Oklahoma Health Sciences Center, Oklahoma City, OK 73190.
The cDNA encoding the N-terminal 20 amino acid sequence of the
neural specific protein GAP-43 (neuromodulin) was fused with the
B-galactosidase (B-Gal) gene. The fusion gene was subcloned into
pcDNA 1-neo (Invitrogen) at Hind-III and Not-I sites, under the
control of a human cytomegalovirus promoter. The plasmid
construct was transfected into a PC-12 (rat pheochromocytoma) cell
line which gave a stable but heterogenous population of transfected
cells (containing positive cells with a single or multiple copies of the
plasmid and negative untransfected cells). Enzymecytochemistry of
the B-Gal was performed using 5-bromo-4-chloro-3-indolyl-B-Dgalactopyranoside as the substrate resulting in a blue stain that was
measured at 620nm in a DISCOVERY™ Flu • Or* bance Image
Cytometry System. The positive cells showed a range of staining
intensities from a basal level assumed to represent the expression of
a single copy of the plasmid to values 4 to 5 times this basal level.
In a few cells the expression of the B-Gal exceeded 10 times the basal
level. Further work on a suitable external standard is in progress.
When properly controlled this enzymecytochemical procedure
combined with quantitative Image Cytometry can be used to monitor
gene expression at the individual cell level. (Supported in part by
NIH grant NS-18775 and an OCAST to L.E.D. and NSF grant IBN9119975 to Y.L.)

HINTS OF CELLULAR RESOLUTION USING RETROGRADE
VOLTAGE-SENSITIVE DYE STAINING IN THE EMBRYONIC CHICK
SPINAL CORD. Y. Tsau. L.B. Cohen* and C. Hickie. Department of
Physiology, Yale University School of Medicine, New Haven, CT
06520
Wenner et al and Tsau et al (SFN, 1994) showed that hydrophobic,
positively-charged styryl dyes would retrogradely label motoneurons
in the embryonic chick spinal cord after injection into ventral roots.
However, the activity-dependent signals 'on neighboring detectors of
the photodiode array were always similar; furthermore, the time course
of the signals was relatively smooth. Thus, it seemed that each pixel
was detecting the averaged activity from a substantial population of
motoneurons. After making several ■ changes in experimental procedure
we have detected more localized spike-like signals. First, we used a
brighter light source (250 vs 150 watt xenon arc bulb) and an objective
with larger magnification and higher numerical aperture (63x 1.25 NA)
which improved the signal-to-noise ratio. Second, we used older
animals (E14-E16) with the idea that the motoneuron activity might be
less synchronous. Third, we used near-threshold stimuli to the rostral
cord in an attempt to spread out the timing of motoneuron responses.
With these changes we have detected spike-like signals that were
localized both spatially and temporally over the photodiode array.
Thus, we may be close to being able to detect the activity of individual
motoneurons in the embryonic Chick spinal cord. Supported by NIH
grants NS08437 and NS07102.
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708.11

THE EFFECT' OF NEUROBIOTIN ON MEMBRANE PROPERTIES AND
MORPHOLOGY OF INTRACELLULARLY LABELED NEURONS XI. X.Z*.
AND XU. Z.C. Dept. of Neurology, University of Tennessee, Memphis. Memphis
TN 38163
Neurobiotin has been widely used for intracellular staining. However, little is
known about the electrophysiological effects of neurobiotin on recorded neurons and
how long it remains within the cell after labeling. Using spiny neurons in rat
neostriatum, the present study aims to address these questions with in vivo
intracellular recording technique.
Male Wistar rats were anesthesized with 1-2% halothane and fixed on a
stereotaxic frame. Intracellular recording was performed using electrodes filled with
2M K acetate with or without 3% neurobiotin. Spontaneous activities and
membrane properties were compared before and after injecting depolarizing current
pulses for 15 min at different amplitude (0.5-1.5nA). The animals were sacrificed at
different intervals after recording for histological precesses.
Using electrodes filled with 3% neurobiotin in 2 M potassium acetate, no
significant changes in membrane properties were observed if the iontophoresis
current was 0.5 nA. If the current was greater than 1 nA, the spike height was
decreased and the spike width was increased. Similar changes were observed if the
electrode was maintained in the cell for more than 30 min without current injection.
With 2 M potassium acetate electrodes, no significant changes were observed after
InA current injection suggesting that the changes were caused by the neurebietin.
After recording the animals survived up to 48 hours before histological processing.
The recovered rate of labeled neurons decreased with longer survival period. The
recovered neurons were strongly stained 12 h after experiment and faded significantly
at 48 b. No degeneration sign was observed in all labeled neurons. The present
study indicates that neurobiotin has no significant effect on membrane properties
except the spike width and spike height of the recorded neurons. The neurons can be
recovered up to 48 hours after intracellularly stained with neurobiotin.
Supported by grants from NIH NS33103 and AHA 9400813

708.13
SINGLE-CELL LABELING BY JUXTACELLULAR APPLICATION
OF ANTEROGRADE TRACERS. D. Pinault* Neurobiologie, University

Laval, HEJ, 1401,18™ rue, Quebec, G1J174, Canada.

We describe a novel method with unique advantages for the Golgi-like labeling of single
neurons identified and recorded extracellularly. This procedure involves the use of fine
glass micro-pipettes (tip diameter about 1 |im), which contain biocytin, Neurobiotin or
biotin dextran dissolved in a salt solution (1.5% in 0.5 M NaCl or K-acetate), for the
simultaneous juxtacellular recording and tracer iontophoresis. Low intensity positive
current pulses (< 5 nA, 200 ms on/200 ms off, 5 to 30 mn), injected through the bridge
circuit, modulate cell firing such as to keep it alive. Survival periods of 3-24 h (for biocytin
or Neurobiotin) and of up to 4 days (for biotin dextran) yielded the best dendritic and axonal
stainings. Rat thalamocortical cells, for instance, which were juxtacellularly labeled, could
be traced to their most distal axonal processes in the cortex. Electrophysiological and
histochemical data show that neuronal filling occurs during a cellular micro-puncture,
electrically-induced at a somatic or dendritic membrane patch. Control experiments
consisting in the selective killing of previously injected cells provide convincing evidence
it is the stained unit that was recorded extracellularly and “tickled” by the juxtacellular
iontophoretic pulses. This single-cell staining method has been used to label several types
of rat brain neurons, including intemeurons. Its success rate (85-100 %) far exceeds that
obtained by direct intracellular injections of tracers as shown by the labeling of a large
sample of 98 individual cells (from 113 attempts) in the thalamic reticular nucleus of 32 rats.
Provide care is taken to avoid the possible
drawbacks and pitfalls that are illustrated and
discussed, this novel juxtacellular staining method
represents an ideal directed Golgi-like labeling tool
for studying relationships between the structure and
function of individual central nervous system
neurons. Supported by a grantfrom MRC of Canada
to M. Deschenes.

708.15
COMPARISON OF THE UPTAKE AND TRANSPORT OF SOME
COMMONLY USED RETROGRADE TRACING SUBSTANCES. J. Li* and
P. N. Izzo. Dept, of Physiology, Royal Free Hospital School of Medicine,
Rowland Hill St, London, NW3 2PF, U.K.
A variety of retrograde tracers have been used over the past two decades to
study the projections of central and peripheral neurones. Although many of
these substances are well established some of the more recent additions have not
been critically examined. The purpose of the present study was to assess the
properties of a number of classical and contemporary retrograde tracers and to
compare their sensitivity.
Experiments were performed on anaesthetized male Sprague-Dawley rats
(250-350 g). Individual tracers (HRP, cholera-toxin (CT) conjugated to HRP,
fluorescent latex microspheres (30nm), WGA conjugated to colloidal gold
particles (1 and 5nm) and Fluoro-Gold) were pressure injected (10-15 pi) into
the tongue or hypoglossal nerve. After a suitable survival period (2-Z days) rats
were perfused fixed and serial coronal sections (50 pm) of the medulla (at the
level of hypoglossal nuclei) were cut on a vibrating microtome. The retrogradely
transported substances were then detected and visualized using the appropriate
method.
Following tongue injections extensive labelling of hypoglossal
motoneurones was observed with CT-HRP and Fluoro-Gold and to a lesser
extent with HRP. However, following the injection of either WGA-gold or
latex microspheres very little retrograde labelling was observed. In contrast,
injection of all the tracers into the hypoglossal nerve resulted in labelling of
hypoglossal motoneurones.
This study demonstrates that some of the more recently reported tracers
employed in neuronal retrograde tracing studies are indeed retrogradely
transported but are not readily taken up by axon terminals. Thus, previously
reported retrograde transport achieved with these tracers must be attributed
primarily to uptake and transport by damaged fibres at the site of injection. The
results from this study suggest that the most specific and sensitive retrograde
tracers are cholera-toxin and Fluoro-Gold, both of which are taken up by axon
terminals and produce more numerous and extensive labelling of neurones.
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708.12
TRANSSYNAPTIC TRANSPORT OF INTRACELLULARLY INJECTED
BIOTINAMIDE (NEUROBIOTIN) IN PRIMARY AFFERENT AXONS, £ .
Dessem* and P. Luo. Univ. of Maryland Dental School, Baltimore, MD 21201.
Rats (340-380g) were anesthetized with pentobarbital (40mg/kg IP) and
microelectrodes filled with 2% biotinamide (Neurobiotin, Vector) were advanced into
the tract of the mesencephalic nucleus of the trigeminal nerve (Vme). Jaw-muscle
spindle afferent axons were then identified by their increased firing during stretching
of the jaw-elevator muscles and injected with biotinamide (DC 4-8nA, 2-10 min).
These animals were then maintained under anesthesia for 2-6 hours, sacrificed and
the brainstem was immunehlstochemically processed. Biotinamide-filled axon
collaterals and terminals were readily visible in the trigeminal motor nucleus,
trigeminal sensory nuclei and adjacent reticular formation. In addition, 2 to 5
neurons per animal (36 total in 8 rats) were observed with a homogeneous gray
reaction product distributed throughout their somata, proximal and secondary
dendrites. These small (8-20pm, n = 26) to medium-sized (< 30pm, n=10) neurons
were closely apposed by numerous (up to 20) biotinamide-stained, spindle afferent
boutons. Most of these neurons (n=22) were located in the spinal trigeminal
subnucleus interpolaris (Vi) 2.5 - 4.5mm caudal to the intra-axonal injection site.
Electron microscopical analysis in 2 rats demonstrated that the transport of
biotinamide occurred predominantly through asymmetric, axo-dendritic synapses
between biotinamide-filled axon terminals and Vi neuronal dendrites. These synapses
typically had a wide synaptic cleft (15-25 nm) and long concavo-convex or sinuous
active zone (300-Z50 nm). Transsynaptic transport of biotinamide through axo-axonic
synapses was only encountered occasionally. Recent in vitro studies have reported
that biotinamide permeates through dendritic gap junctions. By contrast, we found
no evidence of biotinamide traversing the gap junctions which exist between Vme
neuronal somata. These results demonstrate that biotinamide can occasionally be
transsynaptically transported; further information is needed to explain the seemingly
sporadic nature of this transport. Supported by NIH DE10132.

708.14

A NOVEL NEURAL TRACER USING THE PIG PARAMYXOVIRUS OF
THE BLUE EYE DISEASE. M.A. Ramirez-Herrera, M.L., Mendoza-Maaafla
and S .H. DueftasYCUCS. Dept, of Physiology. Universidad de Guadalajara,
Guadalajara, Jal. Mexico. 44340.
This study analyzed weather the pig paramyxovirus of the blue eye
disease (PPBED) was retrogradely transported from peripheral nerves to the
CNS. In five suckling pigs (3-8 days old) and four cats (300-2500 g) a dose
of 1 ml of paramyxovirus with 256 hemagglutinating units was injected in left
medial gastrocnemius (MG) muscle or intradermal in the skin of the area
innervated by the left sural (SU) nerve, or, it was also inoculated per nasum.
After 11-40 days of injection or 5 -12 days of inoculation the animals were
anesthetized with sodium pentobarbital (30 mg/kg) and fixed by intracardial
perfusion with paraformaldehyde (6%) and glutaraldehyde (3%). Several
distal to proximal segments (5 mm) of left and right (control) GM, SU, sciatic
(SC) and nasal (NA) nerves as well as proximal and distal segments of L5and L$ ventral and dorsal roots were cut and processed for paraffin
embedding. Transversal sections of spinal cord, brain cortex, hippocampus
and cerebellum were also processed for embedding. The presence of the
virus was detected by an immunohistochemical method using mouse
policlonal antibodies against the whole inactivated virus, which was revealed
with rabbit anti-mouse IgG labeled with peroxidase. In pigs, the virus was
detected in distal and proximal MG, SU, SC and NA nerves as well as in
ventral and dorsal roots. It was not revealed in the control contralateral side.
It also appeared in motoneurons of the infected side. In Purkinge and
pyramidal neurons of hippocampus and brain cortex only appeared when, it
was inoculated per nasum. In cats, the vims was only detected in distal
portions of the peripheral nerves. It seems possible that PPBED penetrates
to the CNS by the neural retrograde transport occurring in peripheral nerves.
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709.1

709.2

ANTIGEN RETRIEVAL FOR PARAFFIN SECTION IMMUNOCYTOCHEMISTRY WITH ANTIBODIES COMMONLY • USED IN
STUDIES OF DEGENERATIVE DISEASES. J.C. Hedreen* and L.A.
Mucci. Depts. of Psychiatry and Pathology, New England Medical
Center and Tufts University School of Medicine, Boston, MA 02111
Paraffin section immunocytochemistry using human brain tissue
obtained at autopsy and fixed for several weeks has presented difficulties
with sensitivity. Recent methods of pretreatment using wet heat
("antigen retrieval") allow more reliable demonstration of many antigens
at higher antibody dilution. The most convenient and effective methods
in our hands include 10 min. autoclave or 20-30 min. at 90-95°C.
(heating bath) in 0.01M citrate pH 6.0. Background staining is reduced
by these pretreatments. A streptavidin-peroxidase kit (Biogenex) and
DAB or DAB plus nickel as chromogen is used. With these methods,
the following dilutions of commonly used antibodies produce optimal
staining in paraffin sections from autopsy brain tissue of patients with
Huntington's disease, Alzheimer's disease or controls, fixed in room
temperature buffered formalin for at least 2 weeks:
Antibody Type Antigen
Source
Dilution
SMI-31
mono phosph. NF
Stemberger-Monocl 1:100,000
Aft
Athena Neurosci
10-D5
1:10,000
poly
MAB1510 mono ubiquitin
Chemicon
1:30,000
collagen
IV
AB748
Chemicon
1:100,000
poly
poly
GFAP
N1506
Dako
1:300
Supplier's recommendations for dilution include: SMI-31 1:1000,
AB748 1:320, N1506 1:1. Wet heat pretreatment for Aft substitutes for
formic acid pretreatment. These methods promise to allow a wider
research use of routinely prepared paraffin-embedded brain tissue.

APPLICATION OF FLOW CYTOMETRIC TECHNIQUES FOR PURIFICATION OF HUMAN FETAL BRAIN NEURAL POPULATIONS.
A. Hassankhani*. R. Rozental. F.-C. Chiu. M. Urban. C. Bassallo and D.C.
Spray. Depts. Neurosci. and Neurol., A. Einstein Coll. Med., Bronx, NY 10461,
I. Biophysics, Fed. Univ. of Rio de Janeiro, Brazil.
We have established high density primary cultures of neuronal cells
from second trimester human fetal brains (J. Neurosci. Res., 1994). Here, we
report that these neural cultures can be dissociated to single-cell suspensions,
sorted (PS) by size using flow cytometry (low angle forward and side light
scattering) and re-seeded to yield cultures selectively enriched for neuronal and
glial populations. Neural cell analysis was initially performed on a FACScan
and cell sorting was performed using the FACSstar Plus cell sorter. With our
methods, two different regions (REG1 and REG2) could be simultaneously
defined by electrostatic deflection on the FACStar Plus. Sorted neurons under
REG1 were highly homogeneous and viable. As early as 3 hrs-PS, 10% of the
cells evaluated proceeded to elaborate processes. Somatal area was ~ 30 /xm2
and lengths of the processes measured were ~ 15 /xm. By 1 DIV-PS, numerous
long processes were elaborated. By 3 DIV-PS, most of the small cells were
process-bearing and all were glutamic acid decarboxylase (GAD) + , neurofilament protein-66 (NF-66) + and glial fibrillary acid protein (GFAP)-negative.
It appeared that these small neurons did not proliferate. By 6 DIV-PS,
analyzed somatal area revealed a single component of about 50 /xm2 and lengths
of the longest processes were ~ 46 /xm. These cells expressed inward currents
by 3-6 DIV-PS and spontaneous electrical activity after 10 DIV-PS. In parallel,
larger cells with somatal area > 100 /x2 were recovered under REG 2 (FACS
chart). These cells were GFAP + , NF-66 negative and were not excitable.
Homogeneous cell populations form human brain are particular interesting for
the evaluation of neural dysfunctions that can not be studied in animal models.

709.4

709.3

DEVELOPMENT AND CHARACTERIZATION OF TWO HISTOCHEMICAL
TECHNIQUES FOR THE RESPECTIVE DETECTION OF NEURONAL AND
MYELIN DEGENERATION. L.C. Schmued*. A.C. Scallet. S. AIL Z. Binienda.
J. Bowver. and W. Slikker Jr. Div. of Neurotoxicology, National Center for
Toxicological Research /FDA, Jefferson AR, 72079.
Two techniques have been developed which allow for the rapid and
sensitive localization of either neuronal or myelin degeneration following
insults by a variety of neurotoxicants. Different classes of neurotoxicants
used include excitotoxins (domoic or kainic acid), oxidative free-radical
generators (iron or manganese salts), inhibitors of mitochondrial respiration
(3-nitroproprionic acid), and pyridoxal phosphate/GABA depleting agents
(isoniazid). Neuronal degeneration was demonstrated by the use of
fluorescent dyes which labeled the cell bodies and proximal dendrites of
degenerating neurons. This labeling pattern was generally comparable to
that seen using conventional suppressed silver methodologies. To facilitate
multiple labeling studies, green (Fluoro-Jade) and red (Fluoro-Ruby II)
fluorochromes were developed. These probes can be combined with
fluorescent antibodies, apoptosis markers, axonally transported tracers, or
counterstains of complimentary emission color to simultaneously reveal the
degeneration status along with the anatomy, cytochemical content,
chromosome fragmentation, or the connectivity of identified neurons.
Degeneration of the myelin sheath was demonstrated by incubating the
tissue in a heated, buffered, gold chloride solution. Depending on the nature
and duration of toxicant exposure, myelin degeneration could be
characterized by a swelling or fragmentation of the myelin sheath, the
presence of myelin containing macrophages, or the absence of normal
myelin staining. The aforementioned two methods provide a simple, reliable,
rapid and sensitive means for detection of neuronal or myelin degeneration
following exposure to different classes of neurotoxicants.

CONVENTIONAL AND FIELD EMISSION HIGH RESOLUTION
SCANNING ELECTRON MICROSCOPY OF CEREBELLAR SYNAPTIC JUNCTIONS. O-J-Castej6n*. Instituto de Investigaciones Biologicas. Facultad de Medicinal. Universidad del Zulia. Maracaibo, Venezuela.
Teleost fishes, primate and human cerebelli
were processed for conventional (CSEM) and field
emission high resolution scanning electron microscopy (FEHRSEM) to study the outer and inner surfaces of axodendritic, glomerular and axosomatic
synapses. Axodendritic junctions of climbing fibers and Golgi axonal ramifications were studied
in gold-palladium and chromium coated samples.
CSEM of cryofractured glomerular synapses exhibited the outer surface view of "en passant" mossy
fiber glomeruli and the inner view of transversally and sagitally fractured glomeruli. The cryofracture method exposed the axosomatic contacts
of basket axonal collaterals upon the Purkinje
cell and the climbing fiber bulbous endings upon
the Golgi cell. FEHRSEM of parallel fiber-Purkinje spines showed the three-dimensional structure
of the synaptic membrane complex. The spheroidal
synaptic vesicles appeared embedded in a homogeneous axoplasmic substance. Round subunits, 15-20
nm in diameter, were observed at the postsynaptic
membrane and the postsynaptic density, presumably
related to neurotransmitter receptors.

709.5

709.6

MEASUREMENT PROBLEMS ASSOCIATED WITH THE
RECONSTRUCTION
OF SYNAPTIC STRUCTURES AT THE
ELECTRON MICROSCOPIC LEVEL. R.L. Cooper*. A. Feuerverqer1.
M. Menzinger2, L. Marin and H.L. Atwood. Depts. of PPysiology,
Statistics1, and Chemistry2, Univ. of Toronto, Toronto, Cedede
Quantitative structural information on synaptic components,
including synaptic vesicle diameters, synaptic area, and dimensions
of the ^synaptic dense bodies of 'active zones', is commonly
obtained from ultrathin sections visualized with transmission electron
microscopy. Consideration of the loss of structural information
resulting from projection of a section of a tyren-dimnzsiozal structure
onto a two-dimensional photographic plate is necessary. The relation
between the true size distribution and the theoretical and actually
observed size distributions of projected images is discussed for the
case of a population of spherical synaptic vesicles. The observed
distribution is demonstrably degraded due to the non-observation of
optically thin sections of small radius. Consideration of the
degradation of the observed projected images is used to devise a
method for interpretating the observed distribution in terms of the
true distribution. This approach provides a more rational measure of
the population mean and coefficient of variation. For other,
zoz-sthnrical, synaptic structures (dense bodies and synaptic area),
available information on the uncertainties of the observations is used
to determine methods for best estimates of the true structural
dimensions. (Supported by Medical Research Council, NeuroScience
Network, & Natural Sciences and Engineering Council , Canada).

H0M0L0GUE OF DROSOPHILA NEURAL PROTEIN FREQUENIN SELECTIVELY
EXPRESSED IN CRUSTACEAN PHASIC MOTOR TERMINALS. H. L. Atwood’*. M
Msehina1. H. LindemeieF. and 0. Poges2. 'Department' of Physiology, University of
Toronto, Toronto, Ontario, CA M5S 1A8, and Centrum fur Molnkulern Nnurobig|ggin,
Institut fur Neurale Signelvnrerbeitugg, D-20246 Hamburg 20, FRG
Two types of nerve terminal with markedly differing release characteristics, classified as
phasic and tonic, have been described in excitatory motor axons of crustaceans. Phasic
terminals have high initial quanta) output, but show less facilitation and more depression than
tonic terminals (Atwood and Wojlowicz, 1986, Int. Rev. Neuro^ol. 28, 275-362). Individual

Society

for

Neuroscience

, Volume 21, 1995

crayfish muscles may be innervated so Ip Is by phasic or tonic motor axons, or by both types.
Advantage was taken of this to study the expression of the Ca2*-bizdizg trftpiz frequenin
(frq; 21 KD), which has been implicated in modulation of synaptic facilitation (Pongs et al.,
1993, Neuron 11,15-28). Affinity purified monospecific polyclonal anti-frq antibody (1:50),
raised against Drosophila ^qu^in, was used in conjunction with FITC conjugated secondary
antibody (1:200). Terminals were visualized with a Bio-Rad scanning conf^al laser
microscope and a Nikon 40x water immersion lens. For comparison, preparations were stained
with the vital dye ^Di^-Asp, which strongly labels both types of terminal.
In all preparations tested, antibody reaction was strongest in phasic terminals, and absent
or much weaker in tonic ones. Thus, there was a staining reaction in terminals innervating the
superficial abdominal extensor muscle (purely phasic), weak reaction in the leg opener muscle
(purely tonic), and selective staining of phasic terminals in the dually innervated leg extensor
muscle. In the superficial abdominal flexor muscle (believed to be purely tonic) there was
selective reaction in the terminals of one of the six axons. In all preparations, the main axon
and ^terminal axon branches showed only faint reaction. Our results indicate that ^qu^in,
or a closely related protein, is enriched in crayfish phasic nerve endings that have high initial
quantal output. (Supported by MRC Canada and Faculty of Medicine, Univ. of Toronto)
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709.7
COMPARISON OF THE FM1-43 AND SV2 STAINING PATTERNS
OF AMPHIBIAN NEUROMUSCULAR JUNCTIONS. A. W.
Everett. S. J. Packard and L. Beazley*. Department of Physiology,
University of Western Australia, Nedlands 6907, Australia.
The styryl dye FM1 -43 labels nerve terminals in an activity
dependent manner, purportedly by becoming trapped in recycled
synaptic vesicle membranes at transmitter release sites in the terminal.
We therefore compared the distribution FM1-43 labelled terminals with
those labelled with an antibody to the SV2 antigen of synaptic vesicle
membranes. Toads (Bufo marinus) were sacrificed by pithing and the
iliofibularis was pinned-out in vitro. FM1-43 at 2 pM in Ringer
containing 60 mM KC1 was added to the muscle for 5 minutes. The
muscle was then washed briefly and fixed. Other muscles were fixed
for staining with the SV2 antibody. Terminals on teased mqscle fibres
were imaged by fluorescence confocal microscopy. FM1-43 staining
appeared as spots or more often as bands along the length of terminal
branches at a frequency of not less than 59/100 pm; some larger spots
probably consisted of several bands that could not be clearly resolved.
SV2 staining was similarly punctate with spots occurring at a frequency
of not less than 40/100 pm of terminal branch; individual spots were
generally larger than FM1-43 stained spots and less clearly defined.
Furthermore, both staining procedures revealed very large differences
in the intensity of staining of spots within single branches. The results
support the notion that FM1-43 labels synaptic vesicles concentrated at
release sites in a nerve terminal and that variation in the uptake of the
dye at these sites may reflect differences in the number of vesicles or
the composition of their membranes.

709.8
A
3D
CONFOCAL
STUDY
OF
TYPE-IDENTIFIED
NEUROMUSCULAR JUNCTIONS. Y.S. Prakash*. S.M. Miller and G.C.
Sieck. Depts. of Anesthesiology, Physiology and Biophysics. Mayo
Foundation, Rochester, MN 55905.
We used a novel three-color fluorescence immunocytochemical
technique to simultaneously visualize innervating axons and nerve
terminals, motor endplates, and muscle fiber type in the rat diaphragm.
Nerve terminals and axons were labelled with an antibody to protein gene
product 9.5 (PGP), endplates with a-bungarotoxin, and muscle fibers with
an antibody to fast (type II) skeletal myosin. Fluorescein (nerve terminal),
tetramethylrhodamine (endplate) and Cy5 (type II muscle fibers) were used
as fluorescent dyes to distinguish the three structures. The triple-labelled
neuromuscular junctions (NMJs) were optically sectioned using a confocal
microscope, and 3D views of the NMJs were created. Both 2D and 3D
morphological parameters such as axonal diameter, terminal and endplate
planar and surface areas, endplate gutter depth, and extent of overlap of
terminal and endplate, were extracted from these images. The results
indicate that 1) in general, larger axons innervate larger muscle fibers; 2)
when normalized for fiber diameter, planar and surface areas of both
terminals and endplates are larger on type I fibers; 3) NMJs on type II fibers
generally appear more complex; and 4) the extent of overlap is greater in
type I fibers. These morphological differences may underlie fiber type
differences in neuromuscular transmission. Supported by NIH grants
HL34817 and HL37680.

709.9
IMMUNODETECTION OF BOTULINUM TOXIN A (Bot A) ON ITS TARGET
MEMBRANE TO SHOW BINDING SITES AT THE LIGHT MICROSCOPIC
LEVEL. G.A. Canziani and R.D. Crosland*. Toxinology Div., U.S. Army
Med. Res. Inst. Infec. Diseases, Frederick, MD 21702.
The most potent toxins known are produced by strains of
Clostridium botulinum. To paralyze the vertebrate neuromuscular
junction the toxin must attach to the nerve endings, be tr^^n^R^c^^^ed
into the terminal, and after activation of its enzymatic activity,
hydrolyze proteins of the exoic/totic apparatus. Our goal was to
develop a convenient, reliable technique to detect specific binding of
Bot A to its targets. Our technique utilized fluorescently labeled latex
spheres, which are capable of detecting a single receptor.
N^n^speccfic binding sites on 7 pm thick sections of unfixed,
cryosectioned mouse diaphragm were first blocked with 20% goat
serum in PBS (GS/PBS). We incubated the diaphragm for 1 h at RT
with various concentrations of Bot A in GS/PBS, followed by
incubation with rabbit anti-Bot A antibody, biotin-labeled goat antirabbit antibody, and finally avidin-labeled, 0.03 pm diameter,
fluorescent latex spheres. As expected, binding was limited to the
presynaptic membrane. The technique allowed us to visualize with
light microscopy a minimum of 6 Bot A binding sites per pm2 of
nerve ending surface. In addition, we could detect binding on
diaphragms that were exposed to as little as 10 pM Bot A, which is in
the low range of effective in vitro doses that block twitch tension.
This a convenient technique for detecting Bot A receptors and may be
applicable to other receptors as well.

709.10
ASSESSMENT OF DIABETIC NEUROPATHY BY
QUANTITATION OF NERVES IN HUMAN SKIN BIOPSY.
W.R. Kennedy.. G. Wendelschafer-Crabb. U of MN, Minneapolis,
MN 55455, and C. K. Knox..*. Minnesota Datametrics Corporation,
St. Paul, MN 55126
Evaluation of nerves in skin biopsy yields valuable information
about peripheral nerve endings. Comparison of nerves in skin from
normal vs. diabetic donors reveals striking differences in the
pattern of innervation as well as the amount of nerve present in
various structures of the skin.
Biopsies obtained from normal and diabetic donors (with informed
consent), were fixed, sectioned and processed for double-stain
immunohistochemistry using antibodies to PGP 9.5 to localize nerves
and type IV collagen to localize basement membrane. Digitized
image files were obtained using a laser scanning confocal microscope.
Lengthes and volume of nerve as a function of the volume of
epidermis or sweat gland were determined by computer analysis and
quantification of three dimensional reconstructions.
Nerves in skin can be clearly visualized using antibody to PGP 9.5.
The relationship of nerve to other structures can be correlated by
double staining with type IV collagen. The amount of nerve was
greatly reduced or absent in the biopsies from diabetic donors as
compared with controls. A similar decrease in numbers was seen in
the sudomotor nerves of sweat glands in biopsies of diabetic subjects.
The data clearly indicate that skin biopsy evaluation is useful in the
clinical assessment of neuropathy. Staging of neuropathies from skin
biopsy data will be useful in assessing the effects of treatments such
as drug therapy and pancreas transplantation.

GENE STRUCTURE AND FUNCTION V
710.1
STABILITY OF TAU mRNA IN PC12 CELLS IS MEDIATED BY c/s-ACTING
SIGNALS, LOCATED IN THE 3'UTR OF THE MESSAGE. I. Ginzburg*. E.
Sadot. R. Marx-Rattner and J. Barg. Dept, of Neurobiology, Weizmann
Institute of Science (WIS), 76100 Rehovot, Israel
Induction of neurite outgrowth in PC12 cells is transcription-dependent and
is associated with the accumulation of tau proteins. The increase in tau
proteins levels, results from an increase of tau mRNA levels which reflects
increased transcription and/or stability of the message.The latter possibility
was tested in NGF induced PC12 cells. We found that the half life of taumRNA is elevated to 18 hours in induced cells as compared to 7 hours in
uninduced cells.To identify tau sequences involved in mRNA stabilization,
selected fragments of the 3'UTR were subcloned to the 3' end of the coding
region of human c-fos, used as a reporter gene. The transfected cell lines
overexpressing c-fos constructs did not show any morphological differences
following NGF induction. Stable PC12 line containing construct B (about
1400 nucleotides of the 3'UTR), show a significant increase of 6 folds in the
steady state c-fos mRNA levels following NGF induction. The results
demonstrated that the half-life of fos-B mRNA increases to 2.1 hrs as
compared with 1 hr in cells transfected with c-fos alone. The half-life of fos-B
mRNA is even longer when transfected cells are treated with NGF>5.8 hrs.
The effect is neuronal specific, as it is not observed in 3T3 cells transfected
with the same constructs. By using a uv-cross linking assay a specific binding
of proteins prepared from neuronal cells was observed while no binding
activity was detected when extracts were prepared from 3T3 cells. Thus we
conclude that tau mRNA stabilization is contributed by cis-signals located at
the 3'UTR of the message in conjunction with trans-acting neuronal proteins.

[Supported by the Israel Academy of Sciences and Humanities, the GIF Foundation
and the Forschheimer Center for Molecular Genetics (WIS)].
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710.2
CHARACTERIZATION OF IMMORTALIZED PINEAL CELL LINES
DERIVED FROM TRANSGENIC MICE BY TARGETED
TUMORIGENESIS AND ITS USE FOR THE STUDY OF
TRYPTOPHAN HYDROXYLASE (TPH) GENE REGULATION.
J.H.Chung* S.O.Huh. Y.I.Chune. D.H.Park. T.H.Joh AND J.H.Son.
Cornell University Medical College at The W.M.Burke Medical Research
Institute, White Plains NY, 10605.
The lack of immortalized serotonergic cell lines has been a major
obstacle to the study of the tissue-specific differential regulation of
tryptophan hydroxylase (TPH) gene expression in the pineal gland during
•circadian rhythm. TPH is the first step enzyme in serotonin and melatonin
biosynthesis in neuroendocrine cells of the pineal gland. Previously, we
demonstrated that a 6.1 kb 5’ upstream region of the mouse TPH gene
directs the restricted expression of lacZ reporter gene expression to the
pineal gland and the median and dorsal raphe nuclei in transgenic mice.
Therefore, to develop TPH-expressing pineal cell lines we first established
transgenic mice carrying a construct consisting of 6.1 kb of 5’ flanking
region fused to the SV40 T-antigen. These animals developed highly
invasive pineal tumors and died at 12 to 15 weeks of age. The pineal
tumors obtained from the transgenic mice were utilized to establish the
immortalized pinealocyte-derived cell lines, PGT-811 and PGT-/3, which
exhibit characteristic properties of the pinealocyte, such as TPH and NAcetyltransferase activities. Using PGT-/3 cells transient transfection
analysis revealed cAMP responsive, tissue-specific enhancing and
repressing elements in the 5’ upstream region of the mouse TPH gene.

1803
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710.3
DNA Mismatch Repair and DNA Methylation in the Adult Rat
Brain P.J. Brooks*, Cheryl Marietta, and David Goldman, Sect, on
Mol Neurobiology, Laboratory of Neurogenetics, NIAAA/NIH
DNA repair is essential to maintaining the integrity of the
nucleotide sequence of cellular DNA over time. While much data has
accumulated recently on the mechanisms of DNA repair, little is
known about the DNA repair capacity of cells in the adult brain.
Such knowledge is important in view of the neurological deficits seen
in individuals with DNA repair diseases such as Cockayne’s
Syndrome and Xeroderma Pigmentosum. In the present study, we
have investigated the capacity of nuclear extracts from adult rodent
brain neurons to carry out DNA mismatch repair. We focused on the
repair of G:T and G:U mismatches, which arise from the spontaneous
deamination of 5-methyl cytosine (5-MeC) to thymine, or cytosine
(C) to uracil, respectively, as these are the only types of DNA
mismatches that can arise in nondividing cells. Deamination of both
5-MeC and C 'occur spontaneously at an estimated rate of 1-10 (5MeC) or 100-500 (C) times per day per human genome. We found
that nuclear extracts from adult brain neurons can correct G:T and
G:U mismatches back to GC base pairs. Several other types of DNA
mismatches could not be processed. In brain nuclear extracts, the
G:U repair system was much more active than the G:T repair system.
These data provide the first direct demonstration that neurons in the
adult mammalian brain have the capability to carry out specific types
of DNA mismatch repair.
We previously reported (Nsci. Abst 20: 100.6) that the adult brain
contains high levels of DNA methyltransferase activity. We propose
that one function of DNA methyltransferase in the adult brain is to
remethylate newly incorporated cytosine residues from G:T
mismatch repair following deamination of 5-methyl cytosine, thereby
maintaining the original pattern of DNA methylation.

710.5

IDENTIFICATION OF A REGION IMPORTANT FOR MAO-B SUBSTRATE
AND INHIBITOR SELECTIVITY J. Grimsby*. M. Zentner and
J.C. Shih. Dept. of Mol. Pharmacol, and Toxicol. Sch. of
Pharmacy, Univ. of So. Calif., 1985 Zonal Ave., Los
Angeles, CA 90033.
Monoamine oxidase (MAO) A and B are flavoenzymes
that catalyze the oxidative deamination of biogenic and
xenobiotic amines.
The MAO isoenzymes are defined by
their substrate and inhibitor selectivity.
MAO-A
preferentially oxidizes serotonin (5-HT), whereas MAO-B
preferentially oxidizes phenylethylamine (PEA).
To
search for domains that confer substrate and inhibitor
selectivities two chimeric proteins were constructed and
expressed in yeast. Replacement of a MAO-A segment
(residues 161-375) with the corresponding region of MAO-B,
termed ABigi_375A, converted typical MAO-A catalytic
properties to MAO-B like ones.
Similar to wild-type MAOB, ABig 1-375A oxidizes PEA (Vmax 32 + 5 nmol/20 min/mg
protein, Km 23+4 pM) but not 5-HT.
The IC50 value for
deprenyl is 20 fold less than the IC50 for clorgyline.
However, the reciprocal chimera in which a MAO-B segment
was replaced by the corresponding region of MAO-A, termed
BAi52-366B/ lacked catalytic activity.
The lack of
catalytic activity was not due to aberrant expression but
rather an inactive protein as demonstrated by Western
blot analysis. These results demonstrate that the MAO-B
amino acids 152-366 contains a domain(s) that confers
substrate and inhibitor selectivity.
(Supported.by NIMH
grants R37 MH39085 (MERIT Award), K05 MH00796 (Research
Scientist Award), R01 MH37020 and Welin Professorship).

WEDNESDAY PM

710.4
TRIPLET-REPEAT DNA: UNSTABLE REGULATORY
GENES COULD BE EVOLUTIONARY ’TUNING-KNOBS".
D. G. King*. Depprtment of Anntomy and Depaatment of Zzologg,
Southern IllidgIs University at Carbondale, Carbondale, IL 62901.
Excessive expansion of triplet repeat DNA sequences causes
several neurological diseases (Martin, Science 262-614). But the
length of these mutational unstable sequences also modulates
normal gene transcription activity (Gerber et al., Science 263:808),
as predicted from the basic principle that site-specific mutation can
offer significant evolutionary benefits (King, Science 263:595). The
concept that highly mutable genes can be adaptively advantageous
has not yet been widely applied in genetic dpurgbiglggy, presumably
because it contradicts the common gainigd that mutation in any
form is almost always deleterious. In computer simulations,
however, deterministic selection at a single locus can favor unstable
alleles, if the quantitative phenotypic effects of individual mutations
are small and if competing Mendelian alleles are not optimally fit,
especially if the adaptive peak fluctuates over time. Natural
selection might similarly favor mutation-prone genes if the usual
consequences of mutation were suitably constrained. Regulatory
genes based on unstable triplet-repeat length could thus function as
evolutionary "tunidg-kdgbs", efficiently establishing adaptive
genotypes in a shifting environment. This idea may offer a useful
paradigm for studying patterns of genomic organization underlying
innate but evolutionary flexible patterns of behavior.

710.6
SEQUENCE PREFERENCE OF MOUSE HISTONE Hl° PROTEIN
EXPRESSED IN E. COLI CELLS Duan Su. Philip G Rhodes* and
Susan E. Wellman. Dept. Pharmacol.& Toxicol., Univ. MS Med. Ctr..
Jackson, MS 39216
Histones are involved in packaging DNA in chromatin and
maintaining the supemucleosome structure. When histones bind DNA,
they may make DNA less accessible. The histone Hl° exists mainly in
quiescent or terminally differentiated tissue. To discover if histone has a
DNA sequence preference will help to understand its cellular function.
The cloned mouse histone Hl° protein expressed in E. coli cells has a
sequence preference when it binds to a 214mer DNA fragment. This
214mer DNA is a fragment of plasmid vector pBR322. Structurally this
214mer DNA can be divided into two region: a GC-rich sequence and a
AT-rich sequence. The results of thermal denaturation experiments
show that histone Hl° protein bound preferentially to the GC-rich
region of 214mer DNA. This experiment indicates that the histone HI0
protein is not totally non-specific, but rather binds with some sequence
preference to DNA.

710.7

710.8

PARTIAL CHARACTERIZATION OF A BRAIN SPECIFIC ssDNABINDING PROTEIN. *Raghunathan. A.. Poornima. T.. Mohan, C.
Vemuri.
School of Life Sciences, University of Hyderabad,
Hyderabad 500134, India, Dept, of Biology, Wesleyan
University, Middletown, CT 06459, USA.
Tissue- or cell-specific gene expression involves an
interplay of DNA-protein interactions and DNA binding
proteins play a pivotal role, in terms of regulation.
This
study involves the purification and characterization of a
single strand DNA binding protein which is possibly
involved in the developmental regulation of rat brain. The
protein was purified using DNA-cellulose
chromatography
and DNA binding properties were confirmed using filter
binding and mobility-shift assays. The protein has a
molecular weight of 56 kDa with a pi of 5.2 and is denoted as
56 ssDBP. Intrinsic fluoroscence spectral studies suggest the
presence of tryptophan in a buried condition and the amino
acid analysis shows an abundance of glycine and serine
residues. 56 ssDBP has no significant influence on
conformation and melting profiles of calf thymus DNA. It
showed no influence on DNA
polymerase activity
suggesting that the protein may not be involved in DNA
replication, repair and/or structural organization, leaving
scope to its likely involvement in transcriptional regulation.
Immunological studies on Western blots indicated its
distribution specific to the brain. (Supported by a SRF grant to
AR from ICMR, India, and UGC-Research scientist-'B’ grant from UGC,
India, to MCV).

SOMATIC GENE DELIVERY TO GENERATE GAIN OF FUNCTION
NGF MOSAICISM. B. Mukherjee. A. Brooks. R. Starr, and H.J. Federoff*,
Departments of Microbiology, Immunology and Neurology, University of
Rochester School of Medicine, Rochester, NY 14642.
To investigate NGF action in specific regions of the adult mammalian
nervous system we are developing a somatic gene transfer approach to
create genetic mosaics in mice. In this approach we use a binary system
that involves an inactive germline-transmitted transgene that is activated by
the somatic delivery and expression of ere recombinase. We have
constructed an excision activated transgene (XAT) that is composed of the
rat NSE promoter, an inactivating cassette, a bicistronic transcription unit
consisting of a NGF . minigene and IRES initiated reporter gene
(NSEprNGFXAT). Introduction of the NSEprNGFXAT into E. coli that
constitutively express ere recombinase resulted in removal of the
inactivating cassette in 100% of clones. By constrast, no excisional process
occurred in bacteria that did not express the recombinase gene. The
NSEprNGFXAT has also been introduced into cell lines and transgenic
mice. Several cell lines and transgenic lines of mice express the inactive
NGF transcript. A defective herpes amplicon vector transducing the ere
recombinase gene (HSVcre) has been constructed as the somatic gene
delivery vehicle. Infection of cell lines, primary neurons isolated from
transgenic animals, and transgenic mice is being used to produce activation
of the NSEprNGFXAT. Studies are examining the efficiency of gene
activation, levels of NGF and reporter gene produced, and the biological
effects produced by patches of mosaic tissue.
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710.9

AAV-VECTOR MEDIATED HUMAN HSP72 GENE TRANSFER INTO
CULTURED CELLS. C. Lippman*. F. Welsh. M. Kaolitt. W. O'Connor.
M. During. C. Mobbs. M, O'Connor. A. Freese. Div. Neurosurg. Univ. PA.,
Phila., PA 19104; Graduate Hosp., Phila., PA 19146; Lab. Neurosci.
Rockefeller Univ., New York, NY 10021 .
Heat shock protein 72 (hsp72) expression is associated with increased
neuronal survival after a variety of stresses. A causal relationship between this expression and neuronal protection has not been demonstrated. Introduction into the CNS of the gene encoding hsp72 resulting in
expression may permit the assessment of such a relationship.
We have developed an adeno-associated viral (AAV) vector with the human hsp72 gene under control of a cytomegalovirus promoter (AAVhsp72). When introduced into rat cortical or striatal mixed neuronal-glial
cultures, the vector directed both short- and long-term hsp72 expression.
At three days, cultures were exposed to AAV-hsp72, AAV-LacZ (a control vector containing the LacZ marker gene), or PBS. Hsp72 expression
was qualitatively measured after two or seven days of viral vector incubation. Using a monoclonal antibody against human hsp72, immunocytochemistry was performed. Only those cultures transfected with AAVhsp72 demonstrated staining for hsp72, while staining for B-galactosidase was observed in cultures transfected with AAV-LacZ, but not in
cultures transfected with AAV-hsp72 or PBS. Western blot analysis
showed similar results, with inducible hsp72 protein only present in
those cultures transfected with AAV-hsp72. Absence of cytotoxicity was
confirmed by a number of techniques.
These results demonstrate that, this vector may be used to introduce
the human hsp72 gene into CNS neurons with subsequent transgene
expression. We are evaluating the neuroprotective effect of this vector and
implications for therapy in stroke and trauma.

1805

710.10

DEVELOPMENT OF VIRUS VECTORS FOR GENE TRANSFER
INTO NEURONS: ANALYSES OF PROMOTER FUNCTION. &
J. Davis. J. Schaack. R. L. Smith ann C. L. Wilcox* Depts. of
Anatomy and Microbiology, Colo. State Univ., Ft. Collins, CO
80523, and Depts. of Microbiology and Neurology, Univ. of Colo.
Health Sci. Ctr., Denver, CO 80262.
The ability to transfer genes into neurons has important utility in
the study of neuronal physiology and gene regulation, and for gene
therapy in the treatment of diseases of the nervous system.
Replication-defective, recombinant adenovirus vectors have been
used to infect neurons without evidence of pathogenicity.
Development of virus vectors to provide hpll-typp-spphiflh promoter
regulation is important for many applications. We have constructed
replication-defective recombinant adenovirus vectors to investigate
the regulation of several promoters using the reporter lacZ gene to
express B-galcctosidase. Initial studies have utilized rat dorsal root
ganglia neurons in tissue culture to examine expression from several
promoters. An adenovirus vector containing the hytompglfvirus
immediate early gene promoter produced expression of 6galahtfsidase in greater than 90% of the neurons 24 hr
post^e^on, with continued B-gdactosidase expression for 30 days
without evidence of cytotoxicity. Infection with an adenovirus
vector containing the adenovirus early El A promoter driving lacZ
resulted in B-galactosidase expression in neurons. Use of the El A
promoter provides an expression system that is not active in the cell
line required to package the adenovirus vector, thus allowing
construction of vectors containing toxic genes.

710.11

710.12

EXPRESSION OF LACZ GENE USING A HERPES SIMPLEX VIRAL VECTOR
RETROGRADELY TRANSPORTED INTO HIPPOCAMPAL GRANULE CELLS IN VIVO.
P.A. Serrano*, R.L. Nerve* 6 A. Routtenberg. Cresap Neuroscience
Laboratory, Northwestern Univ., Evanston, IL
60208; harvard
Medical School and Mclean Hospital, Belmont, MA 02178.
The herpes simplex virus (HSV-1) is used here to introduce
foreign genes into postmitotic neurons.
The HSV-1 mutant is
replication incompetent not entering the lytic cycle (TINS, 1991,
14:428), spreads minimally through brain parenchyma, and is taken
up by terminals in the region of the injection site.
We
determined the extent to which the IE 4/5 promoter of HSV-1 would
activate the lacZ gene when introduced into rat hippocampal
granule cells.
Injection targeted for mossy fiber terminals in the dentate
hilus were guided by a laminar profile of the dentate gyrus
constructed from single pulses to perforant path.
The population
spike and EPSP evoked by stimulation of the perforant path were
recorded by an HSV-l-filled micropipette electrophysiologically
guided to the dentate hilus.
Ejection volumes of 0.1-1.0g1 were
delivered over a 45-60 min period by directly monitoring the
movement of the solution meniscus in the micropipette.
HSVlacZ
injected into the hilus was retrogradely transported to granule
cell bodies. We observed robust expression of p-galactosidase in
granule cell bodies on both the dorsal and ventral leaf 24-72h
after a single injection. Dendritic trees of granule cells were
filled with p-galactosidase and mossy fiber axons could be traced
to their terminal zone in stratum lucidum. Axons of mossy fibers
showed the characteristic rosettes of mossy fiber terminals. CA3c
pyramidal cells in the hilus did not translate lacZ.
HSV-1 is a
highly effective vector for introducing
foreign genes into
hippocampal granule cells in vivo and in combination with
electrophysiological
guidance can
restrict expression
to
a
particular cell type. Supported by NIMH grant MH25281-2 to A.R.,
NSF Post-doctoral grant to P.A.S., and HD24236 grant to R.L.N.

RECOMBINANT VACCINIA VIRUS AS A TOOL TO. OVEREXPRESS PROTEINS IN CULTURED HIPPOCAMPAL NEURONS.
T. Koothan*, M. Mvletic-Savvtic and R. Malinow. Jones Bldg, Cold
Spring Harbor Lab., Cold Spring Harbor, NY.
Recombinant vaccinia viruses have beeh successfully used to overexpress genes of interest in several mammalian cell lines and in rat
hippocampal slices. Here we describe a method to over-express proteins
of interest in cultured rat hippocampal neurons using the vaccinia virus
system. Neurons cultured separately, as described by Banker, did not
express the recombinant protein of interest following vaccinia virus
infection.
In contrast, co-cultures of hippocampal neurons and
astrocytes survive and express beta-galactosidase protein following
infection with recombinant vaccinia virus. The percentage of infected
neurons depends upon the density of the astrocytes co-cultured along
with neurons. Recombinant vaccinia virus carrying rat vlpha-CvmK II
have been used to infect cultured hippocampal neurons. We discuss the
localization of CamK II in the neurons following infection.

710.13

710.14

EXPRESSION OF HEAT SHOCK PROTEINS (HSP70 AND HSC70) AND
NUCLEAR TRANSLOCATION IN THE RABBIT BRAIN FOLLOWING
HYPERTHERMIA. P. Manzerra* and I. R. Brown. Dept. of Zoology, Univ. of
Toronto, Scarborough Campus, West HU, Ont., Canada M1C 1A4.
The heat shock response is characterized by i) an overall decrease in
ongoing mRNA and protein synthesis, ii) an induction of heat shock mRNAs
and proteins (hsps), Hi) nuclear translocation of hsps and iv) collapse of
elements of the cytoskeleton in some cell types. We have carried out Western
blot and immunocytochemical studies using antibodies which are specific in
recognizing constitutive hsc70 protein or stress-indutible hsp70 protein. Large
neurons, such as Puikinje neurons and motor neurons of the spinal cord,
express high levels of constitutive hsc70 protein, however their induction of
hsp70 protein in response to hyperthermia is attenuated compared to the rapid
and robust induction which is seen in adjacent glial cells. In the present study
we have investigated whether neuronal ceH populations exhibit other features
of the heat shock response. Foliowing hyperthermia a transient induction of
hsp70 protein was observed primarily in non-neuronal cell populations in the
rabbit brain (ependymal cells, oligodendrocytes and astrocytes). At 1 hr posthyperthermia, a redistribution of both hsp70 and hsc70 protein from the
cytoplasm into the nudeus occurs in ependymal cells of the choroid plexus
with a return to the cytoplasm by 5 hr. Glial cells exhlbit nuclear localization
of stress-indutible hsp70 followed by a later appearance of the protein in
ceUular processes. Nuclear translocation of hsc70 protein was not observed
in several neuronal cell populations in response to hyperthermia (Purkinje,
hippocampal and thalamic neurons), however it was observed in motor
neurons of the spinal cord. These neurons showed a translocation of hsc70
protein into the nucleus, followed by exit to the cytoplasm, with a temporal
profile simitar to that observed for ependymal cells.

CELLULAR LOCALIZATION OF HEAT SHOCK mRNAS (HSC70 AND HSP70)
IN THE RABBIT BRAIN. J A Foster* and I.R. Brown. Dept, of Zoology, Univ.
of Toronto, Scarborough Campus, West Hill, Ont. Canada, M1C 1A4.
The hsp70 multigene family is comprised of constitutive and hyperthermiainducible members. Using radioactive in situ hybridization we have shown high
constitutive expression of hsc70 mRNA in certain neurons. Here we employ
non-radioactive in situ hybridization to examine cellular distribution of heat shock
mRNAs. At high resolution, we observed hsc70 mRNA in the cell bodies of
neurons. In cortical neurons (layer 2 and 5), deep cerebellar neurons (DCN),
and brain stem neurons (BSN), we also detected hsc70 mRNA in apical
dendritic processes. This dendritic distribution. of hsc70 mRNA was not detected
in hippocampal, some cortical neurons, and most cerebellar neurons. Following
heat shock, neurons with the highest levels of constitutive hsc70 mRNA, i.e.
BSN and DCN, showed more distal transport of hsc70 mRNA in dendritic
processes. By radioactive and non-radioactive methods we do not detect hsc70
mRNA in glial cells. We have shown a strong glial induction of hsp70 mRNA
after hyperthermia. For example, oligodendrocytes showed intense signal in
cytoplasmic cap regions following 1 hour of hyperthermia. Later time points
following heat shock showed this distribution to be more spindle-like but the
extent of mRNA in oligodendrocyte processes was not comparable to that
observed for hsc70 mRNA in dendritic processes of BSN and DCN. We
detected basal levels of hsp70 mRNA in control neurons, particularly when
tissue was fixed after freezing; this signal was localized to cell bodies.
Following heat shock, an immediate glial induction and a delayed accumulation
of hsp70 mRNA in cell bodies of neurons was observed. These data
demonstrate that neurons with high constitutive levels of hsc70 mRNA increased
dendritic transport of this message following hyperthermia, while the distribution
of hsp70 mRNA was localized to ceil bodies.
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710.15

710.16

HETEROGENEITY OF TRANSCRIPTS ENCODING ISCHEMIAINDUCED HSP70 IN BRAINS OF INDIVIDUAL WISTAR RATS.
Y. Yaida. W. Valentine. K.-S. Kim*. W. A. Pulsinelli and T. S. Nowak.
Jr. Dept, of Neurology, University of Tennessee, Memphis, TN 38163.
Phosphorothioate oligonucleotides are more stable than normal
phosphodiester oligos in brain, and should therefore be better antisense
reagents to modify the postischemic stress response in brain. However,
we have had limited success in reducing expression of the inducible 70
kDa stress protein, hsp72, perhaps in part due to heterogeneity of the
transcripts encoding this subset of the hsp70 protein family. We have
therefore employed a 5' amplification (RACE) method to sequence
potential antisense targets in ischemia-induced hsp70 mRNAs. Male
Wistar rats were subjected to 10 min 4-vessel occlusion ischemia. After
3 h brains were removed for. mRNA preparation or in situ hybridization.
The primer for cDNA synthesis consisted of a 30mer previously shown
to detect inducible hsp70 mRNAs, which was then ligated to a 23mer
from the rat somatostatin promoter, amplified, cloned and sequenced.
We obtained the same sequence published for a 2.5 kb transcript from
Wistar rats (1), that differs from Sprague-Dawley (SD) sequences (2,3)
at positions 6, 9 and 10 bases 5' to the translation start site. However, a
21mer spanning this region of the SD sequence detected an induced
mRNA in 30% of Wistar rats, suggesting that the sequences, rather than
reflecting strain variation, may be differentially expressed in individual
animals. Ongoing studies continue to characterize rat hsp70 mRNAs
with the aim of developing suitable antisense reagents.
(1) Lisowska et al., Biochim. Biophys. Acta 1219:64 (1994)
(2) Longo et al„ J. Neurosci. Res. 36:325, 1993
(3) Mestril et al., Biochem. J. 298:561, 1994

CONCOMITANT EXPRESSION OF INDUCIBLE HSP-70 WITH PROTEIN
SYNTHESIS INHIBITION FOLLOWING ISCHEMIA, KAINIC ACID AND
HYPERTHERMIA. A.M. Planas 1*. M.A. Soriano 1.2* E. RodriouezEarr61 and I. Ferret. iDep. Pharmacol. & Toxicol., CID, CSIC,
08034 Barcelona, and sunitat de Neuropatologia, Hospital Princeps
d'Espanya, Universitat de Barcelona, Spain.
Inducible heat shock protein-70 (h Sp -70) is expressed in certain
regions of the rat brain following hyperthermia, ischemia and kainic
acid-induced seizures. These conditions are also known to cause
inhibition of protein synthesis. Here we examined induction of hsp70 mRNA with in situ hybridization using a 32p-labelled
oligonucleotide probe, and cerebral protein synthesis following in
vivo i.v. administration of a 14C-labelled neutral amino acid. For each
rat, hsp-70 mRNA induction and incorporation of labelled amino acid
into proteins were studied in consecutive brain sections. Focal
ischemia, hyperthermia and kainic acid caused selective hsp-70
mRNA expression in those brain regions showing decreases in labelled
amino acid incorporation into proteins. The level of hsp-70 mRNA
expression correlated with the percentage of decrease in labelled
amino acid incorporation into proteins in relation to controls. Neither
cycloheximide nor anisomycin induced any detectable hsp-70 mRNA
expression, despite producing marked protein synthesis inhibition.
These observations suggest that hsp-70 mRNA induction and protein
synthesis inhibition are two simultaneous events of the cerebral
stress response following a variety of insults.
Supported by CICYT (SAF94-0076) and FIS (93/131, Spain.

710.17

710.18

MOLECULAR INTERACTION OF NMDA AND DOPAMINE D2L
RECEPTORS IN HUMAN NEUROBLASTOMA SH-SY5Y CELLS.
V. D. Nair, H. B. Niznik* and R. K. Mishra*. Depts of Psychiatryand
Biomedical Sciences, McMaster University, Hamilton, Ontario L8N 3Z5;
rkd Laboratory of Molecular Neurobiology1 ,The Clark Institute of Psychiatry,
Toronto, Ontario, Canada.
The N-methyl D-aspartate (NMDA) receptor, a subtype of glutamate
receptor, plays a key role in synaptic plasticity in the central nervous system
and dopamine receptors are involved in regulating motor and cognitive
behaviours. In the medium-sized spiny neurons of the neostriatum, dopamine
modulates neuronal ' responses mediated by activation of excitatory amino acid
receptors. A deficiency in glutamatergic neurotraksmission resulting in a
disturbed balance between glutamatergic and dopaminergic systems within the
neostriatum may play a key role in the pathophysiology of schizophrenia.
However the molecular mechanisms underlying this interaction are poorly
Understood. Using a human neuroblastoma cell line, SH-SY5Y cells, expressing
clonal specific human dopamine D2Loiig (D2L) receptor, we now demonstrate
that transient expression of D2L receptors can be regulated by the inactivation
of NMDA receptors. Protein tyrosine kinase inhibitor enhanced the D2L
receptor gene activation, whereas inhibition of protein phosphatase 1 or 2A
decreased receptor activation induced by NMDA blockade. The study support
the possible interaction between NMDA and dopamine D2L receptor. Improved
therapy may be obtained by developing drugs that target the molecules which
regulate both NMDA and/or dopamine receptors.
Supported by MRC, Canada.

CELLULAR EXPRESSION OF PIGMENT-DISPERSING
HORMONES IN THE BLUE CRAB CALL1NECTES SAPIDUS.
N. Jaeneckk, J. M. Klein. J. Phhilps. J. P. Rieem aan K. R.
Rao*. Dept, of Cellular and Molecular Biology, Univ. of West
Florida, Pensacola, FL 32514.
Klein etal. (Biochem. Biophys. Res. Commun. 205, 410-416
(1994)) reported finding two different cDNAs which encoded the
precursors of the pigment-dispersing hormones, PDHI and PDH
II, in the blue crab Callinectes sapidus. In the present studies,
these cDNAs have been used to design specific cRNA probes
which hybridized selectively with the PDH I- and II-precursor
encoding mRNAs.
Northern blot experiments showed that PDH I and II were
expressed in eyestalk ganglia; . no hybridization products were
observed using heart, muscle or hepatopancreas preparations. In
situ hybridization experiments showed expression patterns for
PDH I and II in the eyestalk of a single animal. Staining of
adjacent sections revealed that both PDH isoforms are probably
expressed in different cells in the eyestalk. These results
suggest different physiological functions of both peptides, as also
indicated by the results of assays for melanophorotropic activity
in fiddler crabs in which PDH II displayed a 400-fold less
potency relative to PDH I.

710.19

710.20

EXPRESSION OF ZIF268 IN THE TEMPORAL CORTEX OF MONKEYS
RELATED TO LEARNING OF VISUAL STIMULUS-STIMULUS ASSOCIATION.
H. OKUNO*, S . KJKJOU. WWO^KKUY^Aana Y. MIYIY^HITITDept. Phyhiologo,
Sch. Medicine, Univ. Tokyo, Hongo, Tokyo 113, Japan.
To investigate the molecular basis of cognitive memory in the primate, we examined
expression of immediate early genes in the temporal cortex of monkeys during visual
learning. Three Macaque monkeys were trained to perform a pair-association task (PA)
that required them to memorize the visual stimulus-stimulus association between
computer-generated pictures. Another three monkeys were trained to perform a visual
discrimination task (VD) which required them to memorize the stimulus-reward
association by using the same set of stimulus pictures as that for the PA task. After
training with 12 pairs of stimulus pictures, both PA and VD monkeys were trained using
a new set of pictures. Before the monkeys’ performance reached a plateau phase (PA, 810th session with the new set; VD, 5-6th session), they were perfused immediately after
the completion of that day's training session. Serial coronal sections (0.5 .mm intervals) of
the temporal cortex were stained immunohistochemical^. The specificity of the
immunoreactivity of each antibody was confirmed by western blotting and by antigenabsorption experiments. We found that Zif268, a transcription factor encoded by an
immediate early gene, was expressed in a different manner during PA and VD learning.
Zif268-immunopositive neurons were found to be distributed as patches in the inferior
temporal gyrus in PA monkeys, but not in VD monkeys. The patches included Zif268immunopositive neurons in the superficial and deep layers as well as in layer IV.
Quantification of the immunoreactivity revealed that the Zif268 expression levels in PA
monkeys were higher than those in VD monkeys in area 36 (P = 0.01, r-test), but not in
area 35 and TE. These results suggest that the PA learning activates different gene
cascades in the inferior temporal gyrus, particularly in area 36, compared with VD
learning, and that Zif268 may play a role in the formation of the visual associative longterm memory in the primate.
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EXPRESSION OF CYTOSKELETAL mRNAs IS ALTERED AFTER
AXOTOMY IN MATURE AND AGED F334 RATS. J.M. Jacob*,
B. Srinivasan and A.R. Whitetree. Deet. of Anatomiccl
Sciences, OUHSC, OKC, OK 73190.
Axotomy results in a series of morphologic, biochemical
and physiological changes in neuronal cell body. Axotomy also
alters structural protein mRNA expression. In this study, the
expression of several isoforms of p-tubulin (classes I, II, and
IV) as well as the deurofilamedt triplet protein (NF-L, NF-M,
NF-H) was examined in mature (6 mo) and aged (24 mo) F334
rats after axotomy. Fluorogold, a retrograde tracer, was used
to locate the motor columns supplying the right sciatic nerve.
Rats were killed by decapitation at 12hr, 1d, 3d, 7d or 14d
after sciatic nerve transection; spinal cords were removed
rapidly and frozen on dry ice. Longitudinal 20 pm sections
were made through the lumbar spinal cord region containing
the axotomized motor neurons. Using digoxigedid-labeled
oligonucleotide or cDNA probes specific for each cytoskeletal
protein, levels of mRNA expression were determined. These
data suggest that message expression is down-regulated with
advancing age, but that expression of cytoskeletal proteins
after axotomy in the aging rat follows patterns similar to those
seen in the young rat.
Supported by a grant to JMJ from the American Fed. for '
Aging Research.
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EXPRESSION OF THE PRION PROTEIN (PrP) GENE IN CULTURED
NORMAL HUMAN MUSCLE. E. Sarkozi. V, Askanas. J. McFerrin. and
W.K. Engel*. USC Neuromuscular Center, Los Angeles, CA 90017-1969.
Even though abnormal accumulation of PrP has been considered unique to the
brain, we have recently demonstrated abnormal accumulation of PrP and
increased PrP-mRNA in vacuolated muscle fibers in inclusion-body myositis
(reviewed by Askanas et al, 1994). PrP and its mRNA are also increased in
human muscle fibers regenerating in vivo, but PrP-mRNA is virtually
undetectable in the mature muscle fibers (except focally at the neuromuscular
junctions). We have now studied the expression of PrP gene in cultured normal
human muscle.
Adult human muscle was cultured aneurally in monolayer from the satellite
cells of portions of 5 normal muscle biopsies. PrP-mRNA abundance, relative
to 28S ribosomal RNA, was measured at 10, 20 and 40 days of growth by
Northern blots, using 32P-labelled cRNA transcribed from a human PrP-cDNA
(gift from S.B. Prusiner). To monitor muscle development, creatine kinase
(CK) activity was measured in sister cultures. At each stage of growth, cultured
human muscle expressed strong PrP-mRNA. Its expression was lowest in 10day-old cultures, and increased 144% (p < 0.02) in 20-day-old cultures.
Between days 20 and 40, PrP-mRNA increased only 37% (p < 0.03). Between
days 10 and 20, increase of CK activity was 166% (p < 0.04), similar to the
increase of PrP-mRNA; but in contrast to PrP-mRNA, between days 20 and 40
CK activity continued to increase significantly 138% (p < 0.03) and linearly.
Our study demonstrates for the first time that: 1) the PrP gene is expressed in
cultured normal human muscle; and 2) the highest level of its expression occurs
during early muscle development. Thus, cultured normal and diseased human
muscle should provide an excellent model to study factors influencing synthesis
of PrP and its role therein.

LONG TERM POTENTIATION:

PHYSIOLOGY V

711.1

711.2

INHIBITION OF LONG-TERM POTENTIATION, BUT NOT
LONG-TERM DEPRESSION, BY RYANODINE IN THE
RAT DENTATE GYRUS Y Wang. MJ Rowan and R Anwyl*
Department of Physiology, Trinity College, Dublin, Ireland
Regulation of Ca release from the intracellular Ca stores of
the endoplasmic reticulum (ER) is known to occur in part via the
ryanodine receptor, a Ca-activated Ca channel located on the ER.
The role of intracellular Ca stores in synaptic plasticity has been
studied by investigating the effects of ryanodine on the induction of
long-term potentiation (LTP) and long-term depression (LTD).
Intracellular patch clamp and field recordings of excitatory
postsynaptic potentials and currents (epsps/epscs) were made from
the dentate gyrus of hippocamapal slices in response to stimulation
of the associational/commissural pathway of rats (~100g). In
control recordings, LTP of epscs measuring 180±6%, n=9,(20 min
post-stimulation) was induced in response to high frequency
stimulation (8 trains each of 8 pulses at 200 Hz, intertrain interval 2
sec). LTD of field epsps and epscs measuring 40±8%, n=5, and
32±5%, n=9 respectively was induced by low frequency stimulation
(900 pulses at 1 Hz or 2 Hz). In experimental recordings, ryanodine
(20 uM) was either perfused extracellularly in experiments
recording field epsps, or put in the patch clamp electrode for
recording epscs. Ryanodine was found to block LTP, but not LTD.
Thus the amplitude of epscs at 20 min post-high frequency
stimulation in the presence of ryanodine measured 99±5%,a
significant inhibition of LTP. Low frequency stimulation induced
LTD of field epsps and epscs measuring 34±6% and 40±8%
respectively, values not significantly different from controls.

CORRELATING DENDRITIC SPINE STRUCTURE WITH FUNCTION

BY COMBINED ELECTRON MICROSCOPY AND Ca2+ IMAGING.
T.H. Murphy*. P.J. Mackenzie, M. Umemiya. and G.S. Kenner. Dept, of Psychiatry, Univ. of British Columbia, Vancouver, B.C. V 6T 1Z3
By imaging Ca2+ entry associated with miniature excitatory synaptic cur-

rents (MESCs) under conditions that favor NMDA receptors (0 Mg+\ 5 mM

CaCl2, and 1 pM TTX), we have been able to monitor the activation of a single synaptic site. Using this approach we concluded that the amplitude of
repeated MESCs at a single synapse (attributed to NMDA receptors) are variable, furthermore some synaptic sites show a higher frequency of MESCs

than others. Using cultured cortical neurons that were injected with fura-2
and biocytin, we evaluated the ultrastructural characteristics of dendritic

regions that show these miniature synaptic Ca2+ transients (MSCTs) by per-

oxidase staining and serial sectioning. In evaluating the [Ca2+]j images we

identifed a presumed high probability region that exhibited 12 MSCTs from a

single ~1 pm2 dendritic site. Neighboring sites were either inactive or
showed only 1 MSCT. Transmission EM revealed that a single large spine

synapse (~ 1 pm2) was centered at the site of MSCT initiation at the presumed high probability synapse. Other synapses were several pm away,

making it unlikely that they contributed to the MSCTs. Our results suggest
that a high frequency of synaptic responses of varying amplitude can be

attributed to a single large synapse.

711.3

711.4

Ca2+ Signals Associated With The Induction Of Long-Term Potentiation And
Long-Term Depression In Pyramidal Cells Of The Rat Visual Cortex. C.Hansel.

THE INTERPLAY OF DENDRITIC SPINE MORPHOLOGY WITH
DEVELOPMENT OF GLUTAMATE RECEPTORS AND VOLTAGE GATED
CALCIUM CHANNELS AND ITS IMPLICATION FOR CALCIUM DYNAMICS.
S.S.. Dalai* and C.E. Niesen. Dept, of Biomedical Engineering, University of
Southern California, Los Angeles, CA 90089-1451; and Div. of Neurology, Childrens
Hospital of Los Angeles and USC School of Medicine, Los Angeles, CA 90027.
A detailed biophysical computer model that simulates calcium dynamics in dendritic
spines in rat hippocampal pyramidal neurons was created. Two features distinguish
this model. Whereas previous models have only taken into account calcium efflux
from the AMPA and NMDA glutamate receptors (GluRs), the present model accounts
for calcium influx into dendritic spines from both GluRs and voltage-gated calcium
channels (VGCCs). The existence of N-type VGCCs, within a subset of hippocampal
spines, has been confirmed by confocal microscopy (Mills, et al., 1994). The distribution of VGCCs and GluRs on dendritic spines was varied with age from the first
postnatal day (PN1) to adulthood as was dendritic spine morphology. Mechanisms
that simulate diffusion, pumping, and buffering of calcium were taken from the methods described by Holmes and Levy (Holmes and Levy, 1990). Results from the simulations are in very good agreement with calcium imaging studies in the hippocampal
slice (Guthrie, et al., 1991; Jaffe, et al., and Conner, et al., 1994) and other modeling
studies (Gold and Bear, 1994; Koch and Zador, 1993), i.e. presynaptic stimulation
elevates calcium levels in the spine head to tens of micromoles while, in the dendritic
shaft, calcium concentration increases to less than 1 pM. In the adult, both the N-type
and the T-type VGCC as well as the NMDA GluR are major contributors to this
calcium boost which resulted in LTP. Neither the L-type VGCC nor the AMPA GluR
alone could induce LTP. In modeling dendrites less than PN7, the lack of N-type
VGCCs and the predominance of headless spines resulted in an absence of LTP. Both
NMDA-dependent and NMDA-independent LTP can be induced in the model.
Supported by USC Zumberg Research Award and NIH 1K08-NS01747-01.

A.Artola1 and W.Singer. (SPON: European Neuroscience Asscojiiutiioi).
Max-Planck-Inst. for Brain Research, Deutschordenstr.46, 60496 Frankfurt, FRG.
'Present address: Dept. of Neurobiology, ETH-Hoenggerberg, CH-8093 Zurich.
We characterized Ca2+ signals evoked by tetanization patterns suitable for the

induction of LTP and LTD in layer n/III pyramidal cells of the rat visual cortex using
the fluorescent Ca2+ indicator fura-2. Neocortical slices (200-250 pm thick) were
obtained from rats aged 5-7 weeks. Sharp microelectrode recordings were used to
measure responses to stimulation in either layer IV (conditioning pathway) or lateral
layer II (control pathway). Three different plasticity patterns were established in cells
not filled with the indicator dye. LTD was reliably induced by 5x repeated 50Hz
stimulation in layer IV (8 / 9 cells). Application of only one 50Hz burst reduced the
success rate in LTD induction to 50% (3/6 cells). Pairing of the repetitive 50Hz
stimulation with a postsynaptic 20mV-depolarization and lowering of [Mg2+]0 led to
reliable induction of LTP (6/7 cells). For characterization of evoked Ca2+ dynamics,
these tetanization patterns were applied to cells filled with fura-2 and changes of
dendritic [Ca2+] were assessed with single-wavelength excitation at 380nm using an

intensified CCD camera. Repetition of 50Hz bursts (LTD pattern) increased burstinduced Ca2+ elevations, although Ca2+ levels nearly completely recovered to

baseline during the lOsec long interburst-intervals (1x50Hz burst: n=12; 5x: n=7). In
contrast,Ca2+ levels accumulated during application of the LTP inducing tetanization

pattern (n=5) to levels higher than those measured during LTD induction. These
observations indicate that the induction of LTD and LTP is associated with
differences in evoked Ca2+ dynamics that are reflected by differences in both
amplitude and duration of Ca2+ elevations. These results support the assumption that
the different thresholds for the induction of LTD and LTP are related to the amplitude
and the kinetics of the postsynaptic increase of [Ca2+]j.
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INDUCTION OF LTP AND LTD OBSERVED SIMULTANEOUSLY WITH A
RISE OF POSTSYNAPTIC CALCIUM IN RAT VISUAL CORTEX.
H. Yasuda and T. Tsumoto* DepartmentofNeurophysiology, Biomedical
Research Center, Ounkn University Medical Scyppl, Suitn 565, Jnpnn

An input-associated increase in calcium at postsynaptic sites is
suggested to trigger processes for the induction of long-term changes
in synaptic efficacy. Furthermore, the extent of this increase is
hypothesized to determine the direction of the changes, i.e., a large
increase beyond a certain threshold leads to long-term potentiation
(LTP) while a small increase below the threshold to long-term
depression (LTD).
This hypothesis seems testable with
microfluorometry using calcium-indicators, such as fura-2 or fluo-3,
but so far was not successfully proofed at least in neocortex, probably
because these dyes have a strong calcium-chelating action. So, we
used another indicator, rhod-2, which has a much weaker chelating
action. With this dye, we measured changes in calcium concentration
in visual cortical neurons during tetanic synaptic inputs simultaneously
with whole-cell current clamp recordings of synaptic activity.
In visual cortical slices of young rats at 9-18 postnatal days, rhod-2
was injected directly into pyramidal cell-like neurons of layer ll/lll
through a patch pipette from which we simultaneously recorded
excitatory postsynaptic potentials (EPSPs) of the neuron under
observation. Tetanic stimulation of 9-burst type given to layer IV
induced a clear increase in fluorescent signal. Usually, this increase
was stronger in dendrites than in soma. Also, the decay time of the
increased signal was much faster in dendrites than in soma. There
was a tendency that tetanic stimulation which led to the induction of
LTP of EPSPs induced a higher rise of calcium signal in dendrites
than that which led to the induction of LTD.
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DISRUPTION OF A CYCLIC-ADF-RIBOSE SIGNALING PATHWAY INTERFERES WITH
LONG TERM POTENTIATION IN AREA CA1 OF THE RAT HIPPOCAMPUS. N.K. Mshsnty*
M.E. .Guoscic1 T. Wslseth+.E.M. Schuosn. Division mf Biology 216-76, Cslifornis Institute mf
Tnchnology, PsssCnns CA 91125, +eepartennt mf Phsroacolmgy .University mf Minnesmte,
Minnenpolis MN 55455.
A recently identified nnCtynnors llynnd fmr the rysntCinn-sensitivn Cs2+ store is cyclic ADPribose (cADPr). The enzyoe rnsponsibln fmr cADPr synthesis, sn ADP ribosy||cyclasn, is
stiorlatnC by cGMP. Bitcynoical nssnys indicate thst the hihhocsohrs hss ADP-ribosyl
cyclase sctivity localized in the psrticrlstn fractipn. The diffusible signsl nitric ox^, NO, csn
stioulnte cGMP proCuctimn by sctivsting s soluble gusnlyl cyclsse, raising the possibility thst
the NO generated during the onset mf LTP induction ony initiate n signsl transCrctitn cnscsCn
thst ^^1^31^ includes cADPr 3^^^^ mf ryanodine-sensitive Cs2+ stores. We hsve tested
this ides by utilizing s coopetitivn antsgpnist, 8-eH^-cAePr, mf the cADPr binding site mn the
ryanodine sensitive store. The inhibitor wss introduced pmstsynspticslly in s pstch electrode
intm sn inCiviCrsl CA1 cell in the scute yippmaopal slice. Two independent Scheffer Cmilstersl
nfferent pathyays were sltemstely stioulatnC (0.03 Hz) snd the evoked excitstory pmtsynaptic
currents, (EPSCs) were recorded. After s 20 oinute period of bsunlinn stiorlatitn, during
which tioe the inhibitor wss showed to diffuse into the cell, LTP wns induced by pniring
Cnpmlsrizatitn with low frequency (1 Hz) stioulstion of one psthwsy.Followiny the psiring of
Cnpplsrizstitn snd 1 Hz stioulstion s slowly decsyiny pmtentistimn wss observed which
typicslly returned tm bsseline vslues within 20 oin [mesn % of bsseline = 99.1 +/-1.3]. This
short-tero pmtentistimn wss followed by s slow onset depression of spproxiostely 50% which
resctied ssyoptote 40 oinutes sfter LTP induction [mesn % of bnseline = 45.5 +/- 0.5].
Control slices mr slices injected with boiled 8eH2-cAePr exhibited norrosl LTP [oesn % mf
bsseline = 169.4 +/-2.1 snd 157.3 +/-1.4]. These dsts suggest thst s cADPr signsling psthwsy
osybe involved hippocsopnl synsptic plssticity snd ony pnrticipate in ^11™^ whether
synspses becooe pmtentisteC or depressed during induction. This work supported by USPHS
T 32 DA07097 (M.E.G.), DA05695 (T.W.) snd NS32792 (E.M.S.)

711.8

MODELS OF CALCIUM BINDING TO KINETICALLY DISTINCT SITES ON
CALMODULIN: IMPLICATIONS FOR LTP. 0, V. Ypusukhdm*1, W. R.
Hmloes2 & W. B Levy! 'Univ. mf Viryinin Henlth Sciences Ctr., Dept. tf
Neurosurgery, Chsrlmttesviiie, VA 22908 nnd 2Dept. mf Bimipyicsi
Sciences, Ohim University, Athens, OH 45701
We hnve revisited the Hmloes & Levy (1990) bimphysicsl omdel mf
auumciative LTP. Aynin we cmnsider s omrphmlmgicsily correct grsnuln cell
mf the dentate gyrus snC the effects mf brief, high-frequency synsptic
nctivntimn (8 firings nt 400 Hz), which cauues Cn2+ influx thrmuyh NMDA
chnnnels intm s omCaleC spine. Here we upante mur omdel mf cnlciuo's
intersctimn with cnlomdulin tm include the currently nccepted kinetics mf
this interaction. The cnlomdulin cmncentrntimn used in the sioulntimns
wss 20 //M. The fmur Cs 2+ binding sites mn s cnlomdulin omlncule were
omdnlnd using the different kinetic constants suoonrized in Cmx et si. (In
Calcium and Calcium Binding Proteins, 1988) fmr the situstimn in which
binding proteins nre present. In these cmnditimns, binding mf the third
Cs 2+ tm n cslomdulin omlecule exhibits s very high cooperativity (ibid).
Brief, high-frequency sctivstimn mf n single sydapse produces 2-5 //M mf
cnlomdulin snturnted with fmur bmund cnlciuo imns. This cpdcedtratipd
(sccmrding tm the dsts mf Meyer et nl., Science 256:1199, 1992, snd
nssuoing thst there is omre cnlomdulin thsn OsM^sse II) is enmugh
Cn4Cnlmmdulin tm fully nctivste CsMKinsse II. This ony even be enmugh
Cn4Calopdulin tm Imck the CaoKidaue II hmlmenzyoe in s perosnent
autmphmsphprylatimn omde. Thus, these dsts indicste thst CsMKinsse II
sctivstimn slmne will nmt be sufficient tm produce sssmcistivn LTP becsuse,
in vivm, single synspses sre nmt sufficient fmr hmomsynsptic LTP.
Supported by NIH NS15488 snd MH00622 tm WBL.

INVOLVEMENT OF Ni2+-SENSITIVE CALCIUM CHANNELS
IN HOMOSYNAPTIC LTD IN HIPPOCAMPUS L. K. Schexnayder*
B. R- Christie, and D. Johnston, Division of Neuroscience, Baylor College of
Medicine, Houston, TX 77030
Recentlv we have shown that voltage-gated Ca2+ channels that are sensitive to Ni2+ (R- and T-type) are a major source of Ca2+influx in the apical
dendrites of CAl pyramidal neurons (Christie et al., 1995, J. Neurophysiol.;
Magee and Johnston, 1995, Science). In the present experiments we examined
the role of these channels in homosynaptic LTD. Hippocampal slices were prepared from 2-4 week old rats using standard techniques and maintained in a
submerged chamber. To assess basal synaptic strength, afferent fibers in the
stratum radiatum were stimulated at 0.1 Hz. Initially we examined whether
LTD could be induced at temperatures at which Ca2+ channel activity in dendrites has been examined. Slices maintained at 23°C exhibited a 19.9±7.4%
(n=6) reduction in response size that lasted for at least. 30 min following 1 Hz
stimulation (900 pulses) and a 22.2±2.2% (n=5) reduction when 3 Hz was administered. No greater LTD was produced at 32°C, where the 1 and the 3 Hz
produced -20.7±7.5% (n=:7) and -21.7±12% (n=4) LTD, respectively. To
evaluate the contribution of Ni2+-sensitive channels to LTD induction, NiCl2
was first added to the bathing medium for 25 min at one of three concentrations (25, 50 and 100 /xM), and its effects on synaptic transmission were
monitored for 30 min following washout. Both the 50 and the 100 /xM concentrations produced a depression of synaptic strength when administered alone
(50 /zM: -21 ±4%, n=3; 100 /xM: -20.1±5.2%, n=5). The 25 /xM concentration, however, did not produce any discernable changes in synaptic strength
(6.7±2.9%, n=5). Thus, in separate slices, we applied the 25 /xM concentration during the administration of either the 1 or the 3 Hz stimuli and found
that while a short-term depression was produced, Ni2+ blocked the expression
of LTD (1Hz: 1.6±11.9%, n=6; 3Hz: 7.9±9.7%, n=6). (MH44754, MH48437,
NS11535, NSERC103103).

711.9
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FLUORESCENCE IMAGING OF INTRACELLULAR, CALCIUM
DURING THE INDUCTION AND EXPRESSION OF HOMOSYNAPTIC LTD IN HIPPOCAMPAL CA 1 PYRAMIDAL NEURONS.
B. R. Christie*, J .
and D. Johnston Division of Neuroscience, Baylor
College of Medicine, Houston, TX 77030
Hippocampal neurons exhibit various forms of synaptic plasticity, including long-term potentiation and long-term depression (LTD). The induction of
LTD depends, among other things, upon a rise in postsynaptic [Ca2+]<. To investigate the changes in [Ca2+]j during LTD, we have combined fura-2 imaging
with whole-cell recordings of visually identified CA1 neurons.
Hippocampal slices (400 /xm) were obtained from 2-4 week old rats using
standard procedures and maintained at 32°C in a submerged chamber. To
measure fluorescence changes in intracellular Ca2+, fura-2 (125 /xM) was included in the pipette solution, and relative changes in AF/F were measured
using a cooled CCD camera in sequential frame transfer mode (25 ms frame
interval). Whole-ceU recordings were made from CAl neurons located within
50 /xm of the slice surface. Following a 10 min baseline period, cells were synaptically activated at 3 Hz and evoked EPSPs and changes in fluoresence were
monitored. LTD, which lasted at least 30 min, only occured in those neurons
in which sufficient stimulation was given to elicit postsynaptic action potentials during the 3 Hz stimuli (subthreshold: -7.1 ± 5.8%, n=3; suprathnshold:
-30.5 ± 15%, n=4). During the application of the 3 Hz stimulation, only neurons in the suprathreshold group eXhibited detectable changes in postsynaptic
calcium levels (AF/F, soma: 7.4 ± 1.1%; 0-75 /tm: 6.9 ± 1.5%; 75-150 /xm
6.8 ± 4.1%; > 150 /xm: 4.3 ± 2.9%). These data suggest that the Ca2+ entry
during suprathreshold synaptic stimulation is involved in the induction and
maintenance of LTD (MH44754, MH48437, NS11535, NSERC103103).

DYNAMICS OF CALCIUM AND CALCIUM-BINDING PROTEIN IN A SPINE : AN
ANALYSIS BY MODEUNG AND SIMULATION
K.lchikawn*. KOknoptm nnd
l.Ynonnuchi. Fmunantimn Resent Lsb. Fuji Xerox Cm., Ltd., 430 Snkni Nnknionchi
Auhigaraknmigun Knnngnyn, 259-01 Jnpnn
Increase in the intracnllulnr cnlauo cpncnntrnt^PdQCn2^j) triggers both imng-tero
pmtentiation(LTP) nnd depression^D) depending mn utiouluu intensity. Although
mnchnniumu which unaerlin ipng-tero uynnptic opaificntimn nre nmt yet nluciantnaI
Cn2* wss fmund tm piny n key role. In the present study, we constructed n op C^ fmr
[Cn2+], nnC Cn2*-binCing proteins in n spine, nnC nnnlyzea their Cynnoics.
The present omael includes e-onthyl-D-Aupnrtatn(eMDA) nnC a
-nminm-34^ydrmxy-5-onthyl-4^xmsazmle prmpimnic ncid(AMPA) receptor ^nn^s with
anunnsitizntimn, Cn2* flux through NMDA receptor chnddniu, C^^-buffers, Cn2*binding protein, Cn2* extrusion, nnd Cs2* diffusion. Dynnoics mf intracellulnr C^'and
Cn^-binding protein fmr tetanic stioulntion(1Q0Hz-1s), imw frequency
uttreulatiopn(Hz), nnd thetn-burst stioulntipn were . coopmed.
The hcresse in [Cn24] wss transient even uydnptic stjouintimn continued. This
is bemuse AMPA nnd NMDA receptor ^nn^s nre desensitized, nnd the tawnm
flow of Cs24 is reduced. Furtheromre, the penk level mf [Cn24], wss ouch higher in
then-burst stioulntimn thsn in tetanic (continuous) stjouintimn t^nuse mf the slow
recovery frmo Cnsnnuitizatimd. This result explsins why thetn-burst utiouiatimd is
effective fmr inducing LTP. In contrast, low frequency utiouiatimn resulted in ouch
soniler ina-Gnse in [Cn2*], which would lend tm LTD. The concentration mf activntna
fmro mf cniomauiin incrnnuna fnr omre arnuticaily thnn the incrnaun in [Cn24], ns
utioulatidg intensity wss incrnauna. Therefore, the rmie mf cnlomdulin is tm nopiify
the Cn24 signsl nnd stabilize the Cifferndtintipn between LTP nnd LTD.
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A PARALLEL INCREASE OF NMDA AND NON-NMDA RECEPTORMEDIATED CURRENTS IN CALCIUM-INDUCED LTP IN CA1
PYRAMIDAL CELLS OF HAMSTER HIPPOCAMPAL SLICES. S.-N.

NITRIC OXIDE SYNTHASE INHIBITORS SELECTIVELY BLOCK LTP OF
MINIMAL AMPLITUDE SYNAPTIC RESPONSES. P. F. Chapman*. Psychology
Department, Neuroscience Program, University of Minnesota, Minneapolis, MN 55455
The hypothesis that nitric oxide (NO) contributes to LTP has received a considerable
amount of experimental support. At the same time, many laboratories have presented
evidence that inhibitors of nitric oxide synthase (NOS) fail to block LTP, or block only
under restricted conditions. These results suggest that NO might regulate the threshold
for LTP induction at CA1 synapses. I have tested an alternative hypothesis; that NO
might be required for LTP induction only at a relatively small subset of CA1 afferent
synapses. According to the hypothesis, these synapses would be the most readily
excitable of a heterogeneous group of CA1 afferents, and thus the most likely to be
activated by weak stimulation. Therefore, LTP at the low end of the input/output curve
should be blocked by NOS inhibitors, even following strong tetanus.
I have used an experimental protocol in which I alternated “weak” stimulation (40
psec pulses) with “strong” stimulation (100 psec pulses). Experiments were conducted
at 31.5°C, in slices taken from rats 15-150 days old. Stimulus intensities were adjusted
so that strong stimulation elicited a response about 30% of the maximum evoked field
EPSP slope; weak baseline stimulation evoked an EPSP with a slope between 0.05 and
0.09 mV/msec. In normal ACSF, ten theta bursts, given at “strong” intensity,
produced LTP of responses evoked by both strong (133±6%) and weak stimuli
(150±28%) measured 60 minutes after tetanus. In contrast, the same stimuli given in
the presence of 100 pM NOArg produced normal LTP as measured with 100 fsec
pulses (172±24%), but no LTP when measured with 40 psec pulses (103+6%). Bath
application of 100 (M NOArg had no effect on baseline responses measured with 40
psec pulses (99±1% of pre-drug baseline), or on LTP induced before drug application
(150±28% at 60 min, 144+14% at 120 min). The results indicate a role for NO in
LTP induced under physiological conditions, and suggest the presence of important
heterogeneities in SC/C afferents to CA1. Supported by NSF grant IBN-9410131

Yang , D. W. Robinson and J. M. Horowitz. Sec. of Neurobiol., Physiol., and
Behav., Univ. of Calif., Davis, CA 95616
Previously we reported the establishment of Ca2+-induced LTP in area CA1
of the hamster hippocampal slice (Soc. Neurosci. Abs., 20: 119.3, 119.4, 1994).
Here, we further study the involvement of NMDA and non-NMDA receptormediated currents in Ca2+-induced LTP. Whole-cell patch-clamp recording of
excitatory postsynaptic currents (EPSCs) evoked by single shocks to Schaffer
fibers, and action potentials induced by depolarizing current injections were made
from CA1 pyramidal cells of hamster hippocampal slices (350pm). The average
resting membrane potential was - 61.4 ± 0.8 mV (n= 19). In current clamp mode
(Vm= - 65 mV), application of high Ca2+ (without stimulating Schaffer fibers)
only evoked a short-term increase of the firing rate of action potentials (n= 4). In
contrast, a long-term increase of the firing rate was seen if sufficient single shocks
were applied during a high Ca2+ pulse (n= 2). In voltage clamp mode (Vm= - 60
mV), a high Ca2+ pulse induced a parallel, long-term increase of both NMDA and

non-NMDA receptor-mediated currents of the dual component EPSC (n= 8). Both
the scaled EPSCs (n= 3) and normalized amplitudes of the decay times of EPSCs
prior to, and following Ca2+-induced LTP showed a similar pattern (n= 3). In
addition, following a stable Ca2+-induced LTP, tetanization of Schaffer fibers does
not provide any additional enhancement of either NMDA or non-NMDA receptor
components (n= 5). These results suggest that Ca2+-induced LTP shares basic
common mechanisms with tetanically-induced LTP. Moreover, the maintenance of
Ca2+-induced LTP involves a similar increase in NMDA and non-NMDA receptor
components and no change in decay times of EPSCs. [NASA Grant #NAG-2-788]

711.13
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DIFFERENTIAL EFFECTS OF NITRIC OXIDE SYNTHASE INHIBITORS ON
LTP AT BASAL AND APICAL SYNAPSES OF HIPPOCAMPAL CA1 NEURONS.
J.E. Haley and D.V. Madison* Dept. of Molecular and Cellular Physiology. Stanford
University School of Medicine, Stanford, CA 94305-5426.
Diffusible messengers such as nitric oxide have been proposed to act as intercellular
signals in the production of long-term potentiation. Recent reports (O'Dell, et al.
[1994], Science 265, 542-6; Wendland, et al.[1994], PNAS 91, 2151-5 ) illustrate that
different forms of NOS are localized to the somata and apical dendrites, but appear to
be absent from the basal dendrites of these neurons. Thus, LTP elicited in synapses
terminating in the basal dendrites of CA1 pyramidal cells may not depend on NO, in
contrast to apical synapses. We have tested this theory by comparing the effects of the
NOS inhibitors on LTP elicited by electrical stimulation in stratum radiatum (s.r.;
apical) and s.oriens (s.o.; basal). In control, tetanization (100 Hz/1 sec) in s.r. caused
LTP of 140.3 +/- 6.8% of basal transmission; s. o. tetanization resulted in LTP of 156.9
+/- 13.3%. After application of L-NO-Arg (100 uM), identical tetanization in s.o. still
produced normal LTP (156.4 +/1 17.9%) but following tetanization in s.r., LTP did not
occur (111.1 +/- 9.3%). Utilizing intracellular recording, we attempted to see if we
could detect this differential effect of NOS inhibitors when they were injected into
single postsynaptic cells. In these experiments, LTP was induced by pairing
postsynaptic depolarization (by current injection) with 1Hz stimulation delivered
simultaneously to s.o. and s.r. In control, this resulted in LTP of 155.7 +/- 14.3% in
s.r. and 138.1 +/- 13.6 % in s.o. After injection of L-NMMA (100 mM) into
postsynaptic cells LTP was prevented in both pathways (s.r.: 113+/- 9.06%; s.o.: 100.1
+/1 7.7%). Thus a differential effect on LTP was not seen when using intracellularly
injected NOS inhibitor with pairing-induced LTP.
Present results suggest that
there may be a differential role for nitric oxide in apical vs basal dendritic synapses in
area CA1 of hippocampus. However, not all experimental results are consistent with
this hypothesis. This discrepancy is being investigated.

A POTENTIAL ROLE FOR PROTEIN MYRISTOYLATION AND AN
ENDOTHELIAL NITRIC OXIDE SYNTHASE (eNOS) IN LONG-TERM
POTENTIATION (LTP). D. B. Kantor. G. R. Sandoval and E.M. Schuman*. Division
of Biology. California Institute of Technology 216-76, Pasadena, CA 91125.
Previous studies utilizing broad spectrum NOS inhibitors (which inhibit both
eNOS and neuronal NOS, nNOS) have suggested that NO may participate in LTP.
Physiological and immunohistochemical studies from nNOS' and wild-type mice have
s-uggested that eNOS, rather than nNOS. activity may produce NO during LTP. To test
this suggestion we have utilized a putative nNOS specific inhibitor, 7-nitroindazole (7NI). In two pathway experiments, we found that 7-Nl-treated slices (100 pM) exhibited
significant LTP that was of a similar magnitude to control slices [mean % of baseline:
control: 131.8+/- 4.3 (n = 8) 7-NI: 119.7 +/- 6.5 (n=10)]. The most striking
difference between eNOS and nNOS isoforms is the co-translational N-terminal
mynstovlation and consequent membrane localization of eNOS. Accordingly, we have
begun to examine whether myristoylation of proteins is important for LTP production by
utilizing hydroxy-mynstic acid (HMA), an inhibitor of protein myristoylation. Slices preincubated in HMA tor 18-24 hrs. in HMA (200 pM-lmM) failed to exhibit LTP wheras
control slices incubated in solvent alone for the same time period exhibited significant
potentiation [mean % of baseline: HMA: 109.7 +/- 7.8 (n = 10); control. 182.3 +/14.4 (n = 9)J. Post-hoc in vitro assays of myristoylation indicate that the HMA pretreated slices (that failed to exhibit LTP) exhibited significantly reduced myristoylation
of an exogenous mynstoylation peptide when compared to controls [JH-myristic acid
incorporation (cpm) control: 4142.0 +/- 516.0, HMA: 271.0 +/- 28.0 (n = 5)]. We are
currently developing an adenovirus construct to deliver recombinant cDNA encoding
eNOS mutants which lack catalytic activity yet retain the N-terminal glycine required for
myristoylation. In preliminary experiments we have infected slices with an Ad-/acZ
construct and obtained p-gal expression w'ithm 4-18 hrs; these same slices exhibit
normal LTP.

711.15

711.16

PHOTOLYTIC RELEASE OF NITRIC OXIDE BLOCKS INDUCTION
OF LTP BY DEPRESSION OF NMDA RECEPTOR-MEDIATED
TRANSMISSION IN THE CA1 REGION OF RAT HIPPOCAMPUS
K.P.S.J. Murphy and T.V.P. Bliss* National Institute for Medical Research, Mill Hill,
London NW7 1AA, U. K.
We have used flash photolysis of a caged form of nitric oxide (KrRu(NO)Cl5) to
rapidly deliver known concentrations of nitric oxide (NO) to area CA1 of hippocampal
slices prepared from young Sprague-Dawley rats (7O-100g) maintained in an interface
chamber at 24°C. In previous experiments designed to test the retrograde messenger
hypothesis for NO we were unable to detect NO-induced potentiation of synaptic
efficacy (Murphy et al, (1994) Neuropharmacology 33, 1375-85). We report here
evidence that No may instead serve a role in setting the threshold for the induction of
LTP (cf. Izumi et al, (1992) Science 257, 1273-76). Prior exposure of slices to
photolytically released NO (l45<M), ten minutes before application of a conditioning
tetanus, blocked the induction of LTP in a concentration-dependent manner; a control
pathway potentiated before application of NO was unaffected. The magnitude of LTP
observed after exposure to NO, expressed as a percentage of LTP in the control
pathway, was (mean±sem) 101.0+15.0, 41.0±9.9, 30.3+4.1 and -14.8±17.9 for OpM,
lpM, 3pM and 4.5pM NO respectively (n=3 for each concentration). The mechanism
by which NO regulates the induction of LTP is possibly by modulation of NMDA
receptors. We have shown previously that photolytically released NO selectively
depresses NMDA receptor-mediated transmission in a persistent and concentrationdependent manner. NO-induced reduction in the efficacy of the NMDA receptor could be
sufficient to raise the threshold and/or block the induction of LTP.
NO may modulate NMDA receptors by redox modification. Such a reaction would be
expected to produce a rapid alteration in NMDA receptor function. However, the timecourse of NO-induced depression, following photolytic release of NO, is surprisingly
slow. Exposure to2^.7jiM NO induced a 63.6+12% (n=6 slices) depression of the initial
slope, taking 104.3±14.3s to reach half-maximum depression, suggesting that redox
modification is not the primary mechanism of NO-dependent depression.

MODULATION OF LONG-TERM POTENTIATION BY REACTIVE OXYGEN
SPECIES. E. Klann*. E.P Roberson, and R.M. Mack. Dept, of Neuroscience,
University of Pittsburgh, Pittsburgh, PA 15260 and Div. of Neuroscience, Baylor
College of Medicine, Houston, TX, 77030.
The induction of long-term potentiation (LTP) in hippocampal area CA1 is
associated with an increase in ^factor-dependent protein kinase C (PKC) activity
which is mediated by both nitric oxide (NO) and superoxide (Or) (Soc. Neurosci.
Abstr. 20:446). To test the hypothesis that PKC is directly activated by reactive
oxygen species, we incubated purified PKC with SIN-1, a compound which produces
NO and »C2Incubation of PKC with 1 mM SIN-1 increased cofactor-dependenr PKC
activity (196 ± 14% of control, n=12). This increase was attenuated by superoxide
dismutase (SOD, 25 pg/ml; 131 ± 13% of control, n=4) and 10 pM hemoglobin
(132 ± 22% of control, n=4), suggesting, that both NO and *02- are necessary for the
activation of PKC. Because NO reacts with •CT', ultimately forming hydroxyl radical
(•OH), we hypothesized PKC could be activated by «OH. PKC was incubated with
SIN-1 and 10 mM mannitol, an «OH scavenger. Mannitol inhibited the SIN-1-induced
increase in PKC activity (108 ± 9% of control, n=4), suggesting that «OH directly
activates PKC. Given these findings, we hypothesized that reactive oxygen species
such as *02' and *OH could modulate induction of LTP. LTP-inducing stimuli was
delivered to the Schaffer collateral input into area CA1 of rat hippocampal slices
either in the presence or absence of SOD (121 U/ml). In control slices, LTP was
observed in 8 of 9 experiments (initial slope of EPSP = 159 ± 9% of control). In
contrast, slices incubated with SOD exhibited LTP in 1 of 9 experiments (initial
slope of EPSP = 101 ± 8 % of control). However, SOD converts *02 - to H2O2, which
has been shown to inhibit LTP. Therefore, in addition to SOD, catalase (260 U/ml)
was incubated with slices in order to remove H2O2. LTP was observed in only 5 of
15 slices incubated with SOD and catalase (initial slope of EPSP = 115 ± 6% of
control), whereas LTP was observed in 12 of 13 control slices (initial slope of EPSP
= 150 ± 4% of control). These data suggest that *02- can modulate the induction of
LTP. Further experiments are necessary to determine if *OH can also modulate LTP
and if PKC is a target for reactive oxygen species after LTP-inducing stimuli.
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INDUCTION OF LONG-TERM POTENTIATION IN THE PRESENCE
OF INHIBITORS OF NITRIC OXIDE IN RAT MOTOR CORTEX.
L.Yi* and W.T. Greenough. Neuroscience Program, Depts of Psych, and
Cell Struct. Biol. Beckman Inst., University of Illinois, Urbana, IL 61801.

Several studies have indicated that the induction of long-term potentiation
(LTP) in the hippocampus may be dependent on the production of nitric
oxide (NO). More recent studies have indicated that NO synthase inhibitors
do not block LTP induction in all cases. To investigate whether NO is
involved in the generation of activity-dependent synaptic plasticity in
neocortex, we examined the role of NO in the production of LTP in rat
motor cortex by ' administering extracellular NO synthase inhibitors. The
results indicated that iontophoretic application of 50 mM N^nitro-L-arginine
(NOARG) had no significant effects on the amplitudes of the population
spike (PS) and EPSP. A similar result was observed when 40 mM
hemoglobin was applied. Even at high concentrations of NOARG (80 mM)
and hemoglobin (60 mM), the amplitudes of the PS and EPSP did not
change significantly. LTP was induced by tetanic stimulation (50 Hz) in the
presence of NOARG (50 to 80 mM) and hemoglobin (40 to 60 mM). Neither
of these treatment significantly affected the induction of LTP.
The results presented here indicate that, in contrast to the hippocampus, NO
does not play a major role in induction or maintenance of LTP in motor
cortex. NO synthase inhibitors in the motor cortex have failed to reveal any
significant effect on both evoked responses and the induction of LTP. These
results suggest that NO is not necessary for LTP induction in motor cortex.
Supported by MH35321 and NSF BNS 8821219.
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P-AMYLOID ENHANCEMENT OF LTP AND NMDARMEDIATED TRANSMISSION IN RAT HIPPOCAMPUS
Michael Ro wan *Jianqun Wu and Roger Anwvl Depts. Pharmacology
and Therapeutics and Physiology 1, Trinity College, Dublin 2, Ireland
(-Amyloid is released at central synapses and may have a role in
modulating glutamatergic synaptic function. We have investigated this
possibility in the rat dentate gyrus in vitro. Hippocampal slices were
isolated and superfused using conventional techniques. Excitatory
postsynaptic potentials and currents (epsps and epscs) evoked by
electrical stimulation of the associational/commissural inputs to the
dentate granule cells were recorded with extracellular and intracellular
(whole cell patch clamp) electrodes respectively, p-Amyloid (1-40)
was bath-applied (200nM) or applied intracellularly (lOOnM). NMDA
receptor-mediated transmission was pharmacologically isolated using
the AMPA receptor antagonist NBQX. Bath or intracellular application
of p-amyloid resulted in a gradual enhancement of the NMDA receptormediated epsc which plateaued approx. 15 min later at a level averaging
140-160% of baseline (P<0.05). In those experiments where pamyloid was washed off there was no reversal of the effect Although
there was no effect on basal AMPA receptor-mediated transmission
after bath application of p-amyloid, high frequency stimulation-induced
long-term potentiation (LTP) of the field epsp was enhanced by 30%
(P<0.05). The enhancement of LTP of AMPA receptor-mediated
transmission indicates that (-amyloid can facilitate synaptic plasticity.
The long-lasting increase in basal NMDA receptor-mediated
transmission is direct evidence that p-amyloid selectively interacts with
this potentially neurotoxic target via a postsynaptic site.

LONG-TERM POTENTIATION:
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712.1

LONG TERM POTENTIATION OF THE SPINAL CORD MOTONEURON
DEMONSTRATED IN-VITRO IN THE SPINAL CORD OF NEONATAL
RAT
R.A. Maselli.* and Mary Chao Univ. of California,
Davis, CA 95616
Long term potentiation (LTP) is a used dependent
form of synaptic plasticity characterized by a long
lasting enhanced of synaptic strength.
In the
hippocampus LTP appears to be the physiologic
substrate of memory. The existence and possible role
of LTP at the spinal motoneuron have not been fully
demonstrated. We have used the immature spinal cord of
rats (1-6 days old) in-vitro with recordings of
ventral root field potentials (VRFPs) and simultaneous
electrical stimulation of the dorsal nerve roots or
corticospinal tract. Sequential short trains of
tetanic stimulation at 100-150 Hz during 5 seconds
induced long-lasting potentiation of VRFP amplitudes.
This phenomenon was partially and reversibly abolished
by perfusion of the preparation with 2-amino-5phosphonovaleric acid (APV).
Exposure of the spinal
cord to the non-N-methyl-D-aspartate (non-NMDA)
receptor blocker 6-cyano-7-nitroquinoxaline-2,3-dione
(CNQX) completely and irreversibly abolished VRFPs.
These findings suggest that LTP is present at the
spinal motoneuron of neonatal rats.
The partial
obliteration of this phenomenon with APV suggest that
LTP at the spinal motoneuron may involve the

SUSTAINED POSTSYNAPTIC POTENTIATION OF MINIATURE
POSTSYNAPTIC POTENTIALS IN CULTURED RAT SYMPATHETIC NEURONS. K.Kubat C.Liu and T.Shirasaki.
Dept. of Physiology,
Saga Medical School, Saga
849, Japan.
Nicotinic synapses formed between cultured
neurons of rat superior cervical ganglia were
studied with whole cell patch clamp and fura-2
fluorescence recording techniques. A rapid rise
in extracellular K+ to 20-40 mM by the jump of a
laminar flow increased the frequency of miniature excitatory postsynaptic potentials
(MEPSCs).The amplitude of MEPSC gradually increased to 120-200% during the course of a high
K+ treatment. On the other hand, the frequency
fluctuated around a constant value occasionally
with oscillation at a rate of several minutes.
Furthermore, an accompanied rise in the intracellular Caz of putative presynaptic neurons was
unchanged or gradually reduced under the same
condition. The inward current induced by acetylcholine after the end of a high K+ application was also augmented,
indicating the postsynaptic mechanism of MEPSC. The potentiation
was seen for more than 20 min after the end of a
high K+ treatment and reversibly inhibited by
phorbol ester (20 nM).
Since the cytoplasm of
the ganglion cell body was dialyzed through a
patch pipette, the mechanism of potentiation may
take place in the localized region of the subsynaptic membrane or may not Involve a diffusible messenger.

712.3

712.4

SHORT- AND LONG-TERM PLASTICITY OF EXCITATORY SYNAPSES
BETWEEN PAIRS OF CELLS IN HIPPOCAMPAL SLICE CULTURES.
D. DEBANNE. N.C GUERUNe AU*. B.H. GAHWLER and S.M. THOMPSON.

THE DEVELOPMENT OF DENDRITIC SPINES IN HIPPOCAMPAL
ORGANOTYPIC CULTURES. N.J. Emptage*. T. Hosokawa and T.V.P.

Brain Research Institute, University ofZurich, 8029 Zurich Switzerland

Pairs of monosynaptically coupled neurons were recorded in rat hippocampal
slice cultures. When two action potentials were elicited in a single microelectrode
impaled CA3 pyramidal cell, the amplitude of the first postsynaptic current (EPSC)
in a whole-cell voltage-clamped CA- or CA1 cell varied, and the amplitude of the
second EPSC was inversely related to the amplitude of the first. Paired-pulse
facilitation (PPF) was observed when the first EPSC was small and paired-pulse
depression (Ppd ) when the first EPSC was large. The number of trials displaying
PPD was greater when release probability was increased experimentally, and
smaller when release probability was decreased. PPD was not affected by
decreasing postsynaptic ion flux or receptor desensitization. We conclude that PPD
results from a decrease in quantal content, perhaps due to short-term depletion of
readily releasable vesicles.
Long-term potentiation (LTP) and depression (LTD) in the hippocampus may be
induced alternatively with synaptic responses resulting from the activation of many
axons with extracellular stimulation. It is, however, still unknown whether unitary
synapses may undergo both LTP and LTD. Pairs of pyramidal neurons in areas
CA- and CA1 of rat hippocampal slice cultures were recorded with sharp
microelectrodes. Presynaptic high frequency tetani induced with 2-5 bursts of
action potentials at 50 Hz in the presynaptic cell, were ineffective in inducing LTP.
LTP could, however, be induced with synchronous pairing of single presynaptic
action potentials and postsynaptic depolarizing pulses. This potentiation was
reversed by induction of LTD using either low frequency tetani (- Hz) or
asynchronous pairing. These results demonstrate that the same unitary synapses
may undergo mutually reversible long-term potentiation and depression.
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Bliss. National Institute for Medical Research, Mill Hill, London NW7 1AA, U . K.
We have investigated developmental changes in the size and density of dendritic
spines on CA1 pyramidal cells in organotypic cultures using confocal microscopy.
Cultures were prepared from three day old Wistar rats using a method adapted from
Stoppini el al. (J. Neurosci. Meth. 37, 173, 1991). At 5-7, or 21-26 days, CA1
pyramidal neurones were iontophoretically injected with lucifer yellow dye, and
imaged with a Biorad MRC 1000 confocal microscope. The architecture of CA 1 cells
from a mature organotypic culture (> 3wks) is comparable to that seen in CA1
neurones in acute slices from 3-4 week old rats. The stereologically uncorrected mean
interval between spines on secondary apical dendrites was 1.4 ± 0.17 pm (n=40), and
on basal dendrites was 1.7 ± 0.13 pm (n=128); the mean observed spine length was
1.12 ± 0.04 pm (n=46) for apical dendrites and 0.80 ± 0.02 pm (n=146) for basal
dendrites. These values are similar to those reported in acute slices for Golgi stained
CA1 cells. In contrast, spine density from immature cultures (< lwk) was
significantly less (mean density: 2.07 ± 0.26 pm (n=33) for apical dendrites, (p <
0.01), and 2.35 ± 0.37 pm (n=39) for basal dendrites, (p < 0.001). The length of
spines however, was not significantly different from that observed in mature slices
(mean length = 1.01 ± 0.06 pM, (n=37) for apical spines (N.S.), and 1.10 ± 0.07
pM (n=48) for basal spines (N.S.)).
These results indicate that CA1 neurones in organotypic hippocampal cultures
systematically add spines during development, so that after three weeks a density is
achieved which is comparable to that observed in acute slices, despite the fact that
there are fewer CA3 projection cells in organotypic cultures than in the intact animal
from which acute slices are cut. This implies either that the number of CA3 cells
projecting to a given CA 1 cell is greater in organotypic cultures than in acutely
prepared hippocampal slices, or that each CA3 cell makes a greater number of
contacts per target cell. The physiological observations of Debanne et al. (J.
Neurophys. 73, 1282, 1995) indicate that the former is primarily the case.

WEDNESDAY PM
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DENDRITIC SPINES IN HIPPOCAMPAL NEURONS: CORRELATING
STRUCTURE AND FUNCTION. C. Collin*1. K. Mivaguchi2, and M. Segal3.
1LAS, 2ln , NINDS, NIH, Bethesda MD, 20892 Dept, of Neurobiology, The
Weizmann Institute, Rehovot 76100, Israel.
Dendritic spines have been proposed to constitute the locus of long-term
memory storage in central neurons, yet little is known about the biophysical
and morphological mechanisms underlying their role in memory. We studied
the effects of chronic exposure to drugs which affect synaptic transmission on
spine morphology and ability of slices to express, long term potentiation (LTP)
of population responses to afferent stimulation in area CA1 of rat
hippocampal slices maintained in culture conditions for 1-5 weeks. Blockers
of excitatory or inhibitory neurotransmission were added to some cultures.
Extracellular field EPSP's (fEPSP) were recorded in field CA1 in response to
stimulation of CA3 neurons. Individual cells were labelled with lucifer yellow,
and were subsequently visualized in a confocal laser scanning microscope.
Within 10 days in culture, CA1 dendrites had large filopodia-like structures
and almost no spines. fEPSP amplitude was 3.5±1.1mV and tetanic
stimulation (100Hz, 1 sec) caused no LTP. At 3 weeks, spines were present
in large heterogeneity (mean density=0.81 spines/pm of dendrite), fEPSP
amplitude -was 5.6 ± 0.9 mV, and -tetanic stimulation caused LTP in 63% of
the slices. At 5 weeks, spine density was higher, but no significant increase in
the fEPSP amplitude or ability to produce LTP was observed. Slices grown in
the presence of picrotoxin did not show changes in spine density at 3 weeks,
but the fEPSP amplitude was significantly smaller than controls (1.9 ± 0.6
mV). Tetanic stimulation failed to induce LTP. Spine density was reduced in
slices grown in the presence of the NMDA antagonist APV, fEPSP amplitude
was same as controls, but LTP was induced in 100% of the slices. The data
suggest that the maturation of dendritic spines in hippocampal neurons is
age-and activity-dependent. The ability to express LTP is correlated with the
appearance of spines, but not with variations in spine morphologies.

PHYSIOLOGY Vi

712.6

QUANTIFICATION OF DENDRITIC SPINES AND SYNAPSES IN RAT
HIPPOCAMPAL SLICES MAINTAINED FOR VARIABLE TIMES IN VITRO.
K.E. Sorra*. B.A. Aliwardt. and K.M. Harris. Dept. Neurol. & Prog. Neurosci.,
Children’s Hospital and Harvard Medical School, Boston, MA 02115.
Hippocampal slices are widely used as a model system in which to study the
cellular mechanisms of synaptic transmission and plasticity. As part of an ongoing
study of the structural basis of synaptic plasticity (LTP), slices were evaluated
electrophysiologically and the number and structure of dendritic spines were
compared among slices that were maintained for short (1.75-2.5 hrs) or long (6-13
hrs) time periods in vitro and with previous in vivo values (Harris et al., 1992, J.
Neurosci. 12:2685-2705). The unbiased series sample analysis was used to
compute synapse densities and identify dendritic spine shapes. In the in vivo, adult
hippocampus, thin spines predominate whereas in the immature hippocampus
stubby, mushroom and thin spines occur in roughly equal numbers. In adult slices
overall synapse densities were equal at both in vitro time periods, but greater than
those observed in vivo. This apparent increase occurred among the stubby and
mushroom spines and did not affect the frequency of thin spines which still
predominated across all conditions. These observations suggest that the in vitro
condition per se could induce or alter dendritic spines; however the structural
modifications appeared by 2 hrs and were relatively stable for up to 13 hrs in vitro.
This stability suggests that the slice system is appropriate for ascertaining whether
changes in synaptic efficacy, such as LTP, specifically alter spine. and synapse
structure. Preliminary observations from immature hippocampal slices suggest that
all classes of spines are present and quantitative analysis will determine whether
stable modifications also occur in immature spines maintained in vitro. Supported
by NSERC fellowship (KES), NRSA fellowship #F31MH10916 (BAA), NS21184,
and the MR center grant P30-HD18655.

712.7

712.8

LONG-LASTING POTENTIATION IN CULTURED HIPPOCAMPAL PYRAMIDAL
CELLS REQUIRES NMDA RECEPTOR ACTIVATION, Ca2 + AND NO SYNTHASE
IN THE POSTSYNAPTIC CELL, AND G-KINASE. O. Arancio* and R. D.
Hawkins. Ctr. Neurobiol. & Behav., Columbia Univ., NY, NY 10032.
We have begun to compare the properties of long-lasting
potentiation in dissociated hippocampal cell culture with LTP in slices.
Pairs of pyramidal-shaped neurons were maintained throughout the
experiment under whole-cell voltage clamp. Three high-frequency trains
of depolarization (50 Hz, 2 sec) of the presynaptic neuron in O Mg2 +
saline produced immediate, potentiation of the EPSC that lasted until the
end of the experiment (average = 35% increase, p < .01, n = 11). There
was no potentiation in experiments in which the bath solution contained
the NMDA receptor blocker APV (50 pM) or in which the tetanic
stimulation was delivered in normal Mg2 + saline (n = 12). We were able
to produce long-lasting potentiation in normal Mg2 + , however, by
pairing low-frequency stimulation of the presynaptic neuron (1 Hz for
30 sec) with depolarization of the postsynaptic neuron to O mV (average
= 48% increase, p < .01, n = 8). Potentiation by tetanic stimulation was
blocked by injection of the Ca2+ - chelator BAPTA (20 mM) into the
postsynaptic neuron (n = 7). Potentiation was also blocked by injection
of the NO synthase inhibitor Nw-methyl-L-arginine (0.5 pM) into the
postsynaptic (n = 9) but not the presynaptic (n = 8) neuron. Conversely,
long-lasting potentiation could be produced by bath application of NO
(10 nM) paired with weak tetanic stimulation (50 Hz, 0.5 sec) of the
presynaptic neuron (average = 37% increase, p < .02, n = 10). Finally,
potentiation by either tetanic stimulation (n = 7) or low-frequency
stimulation paired with postsynaptic depolarization (n = 8) was blocked
by bath application of the G-kinase inhibitor Rp-8-Br-cGMPS (100 pM).

PRESYNAPTIC INDUCTION OF MOSSY FIBER LONG-TERM POTENTIATION
IN DISSOCIATED CELL CULTURE. J. C. Ldpez-Garcia* and D. Baranes.
HHMI, Ctr. Neurobiol. & Behav., Columbia Univ., NY, NY 10032.
It is widely accepted that long-term potentiation (LTP) in the
Schaffer collaterals of the hippocampus requires postsynaptic activation
of the NMDA subtype of glutamate receptors. In contrast, LTP in the
mossy fiber pathway (MF) is NMDA receptor-independent. Attempts to
identify its loci of induction and expression have yielded contradictory
results due in part to the complex circuitry of the hippocampal slice. In
the present work, we addressed this question using a simplified MF
system 'composed of individual dentate gyrus granule cells and CA3
pyramidal neurons in dissociated cell culture. After 12-14 days in vitro,
the two cell types present in the culture established glutamatergic
synaptic connections that showed striking similarities with the intact MF:
they had both non-NMDA and NMDA receptors and were modulated by
the opioid peptide dynorphin A. Furthermore, this connections
displayed NMDA-independent LTP. High-frequency stimulation of a
single granule cell in the presence of NMDA receptor blockers produced
a long-lasting increase in the amplitude of the excitatory postsynaptic
currents recorded from a pyramidal neuron. This effect was not seen
when the presynaptic cell was also pyramidal. A coefficient of variation
analysis of the responses before and after the induction of LTP showed
that their variance increased in direct proportion to the change of their
mean amplitude, indicating a presynaptic mechanism for the induction
of this form of synaptic plasticity. These experiments constitute the first
demonstration of NMDA-independent LTP in cell culture and provide
strong evidence of the presynaptic nature of mossy fiber LTP.

712.9

712.10

FORSKOLIN INDUCES THE EXPRESSION OF TISSUE-PLASMINOGEN
ACTIVATOR (tPA) mRNA AND THE RELEASE OF ITS PRODUCT FROM
PRESYNAPTIC SITES OF DISSOCIATED HIPPOCAMPAL CELLS IN CULTURE.
D. Baranes*. K. Martin. D. Lederfein. HHMI, Ctr. Neurobiol. & Behav.,
Columbia Univ., NY. NY 10032.
Tissue plasminogen activator (tPA) has been implicated in a number
of cellular processes in the nervous system such as axonal elongation and
cell migration. Qian et al. (Nature 361:453, 1993) have demonstrated
that long-term potentiation (LTP) increases tPA mRNA expression in the
dentate gyrus. We have found that forskolin, an adenylyl cyclase
activator, which produces LTP in the mossy fiber pathway connecting
hippocampal granule cells to CA3 pyramidal cells (Huang et al., Cell
79:69, 1994), , induces a five-fold increase in tPA mRNA levels in cultured
neurons of the' ' hippocampal mossy fiber pathway. Forslcolin also induces
a Ca2+-dependent release of tPA beginning more than 1 min after
application and reaching a peak , 5 min after application.
Immunocytochemical analysis revealed that tPA is enriched at
points where axons con-tact dendrites and is extensively colocalized with
synaptophysin, a marker of presynaptic terminals. Of , the positive sites,
73.5 ± 9.9% colocalized with Synaptophysin, 26.5 ± 9.9% included tPA
but no synaptophysin immunoreactivity, and 36.4 ± 11.3% of
synaptophysin positive sites did not contain tPA immunoreactivity. In
addition, western blot analysis of rat brain extracts revealed that tPA is
present in synaptosomal fractions. Thus, these results suggest that tPA is
present in presynaptic terminals and that its activity is increased during
synaptic plasticity, both by transcriptional induction and by release of its
product.

TISSUE-PLASMINOGEN ACTIVATOR PLAYS A CRITICAL ROLE IN THE LATE
STAGE OF HIPPOCAMPAL LTP. Y.-Y.Huanq*. T. Abel, and E. R. Kandel.
Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 10032.
Long-term synaptic potentiation in the hippocampus can be divided
into an early phase (E-LTP) and a late phase (L-LTP). L-LTP requires new
protein and RNA synthesis. However, little is known about the identity of
the proteins involved. Tissue-plasminogen activator (tPA) is an
extracellular serine protease that is induced by neural activity and is
correlated with morphological differentiation of neurons. We found that
the brief application of tPA to hippocampal slices induces a slowlydeveloping and long-lasting (> 5 hr) synaptic potentiation in both the
Schaffer collateral-CA1 pathway and mossy fiber-CA3 pathways. In each
of these pathways, the tPA-induced potentiation is occluded by
potentiation induced by a cAMP analog. In addition, a tPA inhibitor
selectively blocks the late phase of LTP induced by three trains of tetanus
but not the early phase of LTP induced by one train in both the CA1 and
mossy fiber pathways. Moreover, the tPA inhibitor also blocks the cAMP
analog-induced potentiation. These results indicate that tPA may play an
important role in the late phase of LTP in both the ' NMDA-dependent
Schaffer collateral-CA1 and the NMDA-independent mossy fiber-CA3
pathways. tPA appears to be one of the proteins by which cAMP mediates
the late phase of LTP.
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Mechanism of LTP at parallel fiber synapses of the cerebellum.
Salin P.* Malenka R.C. and Nicoll R.A. Depts. of Cellular & Molecular

Pharmacol, Physiol. & Psychiatry; UCSF, San Francisco, CA, 94143.

It has recently been shown in hippocampus that LTP at mossy
fiber (MF) synapses is induced and expressed presynaptically and
may be mediated by cyclic AMP (Weisskopf et al, 1994). The Ca
entry during a tetanus is proposed to activate a Ca sensitive adenylyl
cyclase (ACI), leading to an increase in cAMP. This increase, via
PKA causes a persistent enhancement in evoked glutamate release.
Because ACI is highly expressed in parallel fibers (PF) we examined
whether a similar form of LTP occurs at parallel fiber-Purkinje cell
synapses in rat cerebellar slices. Extracellular recording techniques
enabled us to monitor simultaneously both the fiber volley and
postsynaptic response. Low frequency stimulation (LFS, 4Hz for 20
sec) caused an increase in the field amplitude of 30% that lasted at
least 1 hour. In most cases the fiber volley was only modified
transiently after LFS, but in some cases was enhanced over a
prolonged period of time. PF LTP was associated with a decrease in
paired pulse facilitation (PPF) and application of the glutamate
receptor antagonist kynurenate (lOmM) during LFS of PF did not
prevent the induction of LTP. These results indicate that PF LTP is
presynaptic in induction and expression, as previously suggested in
cultured cerebellar neurons. Furthermore, a short term application of
the adenylyl cyclase activator forskolin caused an enhancement of PF
synaptic responses that lasted at least 1 hour and induced a decrease
in PPF. These experiments strongly suggest that common
mechanisms are involved in PF and MF LTP. Supported by the NIH.
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LONG-TERM POTENTIATION OF NMDA-MEDIATED RESPONSES AT THE PRIMARY
OLFACTORY SYNAPSE. M. Ennis*. L.A. Zimmer. & M.T. Shipley. Dept. Anat., Univ. Maryland
Sch. Med., Baltimore, MD 21201.
Mitral cells (MCs) of the main olfactory bulb receive direct excitatory synapses from primary
olfactory nerve (ON) terminals. Our recent studies demonstrated that glutamate released from
rat ON terminals activates MCs via non-NMDA (i.e., AMPP/kainate) and NMDA receptors;
AMPAanate receptors mediate rapid, brief excitation of MCs while NMDA receptors mediate a
delayed excitation lasting several hundred msec. In . cortical circuits, brief epochs of high
frequency stimulation potentiate responses at NMDA and non-NMDA receptors, i.e., LTP. The
goal of this study was to determine if excitatory responses at the 0N->MC synapse undergo
frequency dependent LTP.
Extracellular recordings were obtained from rat MCs in 400 pm-thick horizontal sections and
a stimulation electrode was placed on the ON layer (ONL). A brief, low intensity (4-40 (lA) train
of impulses (10 sets of 4 pulses @ 100 Hz; each set separated by 200 msec) was applied to the
ONL. This stimulation pattern corresponds to 2 sec of investigative sniffing typical for rats
responding to novel odors or exploring the environment.
A single 2 sec train produced immediate, dramatic increases in NMDA excitatory responses in
13k15 cells, ranging from 126% - 345% of control (mean = 189 ± 17%; p < 0.001). By
contrast, AMPAkKA responses were not altered (mean = 94 + 4%; p > 0.5). Potentiation was
long-lasting (50 min), comparable to LTP in hippocampus and piriform cortex. The NMDA
receptor antagonist AP5 (50-100 pM) prevented the induction of LTP; LTP was obtained after
AP5 washout. AP5 also reversed LTP following its induction.
These results demonstrate that ON—>MC synaptic transmission exhibits use-dependent
plasticity in vitro. A two sec burst (corresponding to 10 sniffs) of ON activity induces specific
LTP of NMDA mediated excitation of MCs. LTP at the ON—>MC synapse discloses a novel
mechanism for rapid amplification of MC responses to sensory inputs that may function in rapid
memory formation for specific odors. Our results suggest that stimuli evoking bursts of ON
activity may potently modify the synaptic excitability of MCs in vivo. Future experiments will test
this prediction. Support: NIH DC00347, NS29218 and NS29635.

712.14

SPATIAL LOCALIZATION OF CURRENT SINKS IN THE
SUPERFICIAL LAYERS OF THE ENTORHINAL CORTEX
FOLLOWING PYRIFORM CORTEX STIMULATION IN THE RAT.
C.A.Chapman* and R.J.Racine. Department of Psychology,
McMaster University, Hamilton, Ontario, Canada L8S-4K1.
Field potentials in rat entorhinal cortex are potentiated for very
long periods following strong stimulation of the pyriform cortex
(SN Abstr 20:585.2), but the synaptic populations underlying
these effects have not been spatially localized. Biphasic test
pulses (225 to 650/j A) were delivered to the pyriform cortex (AP3.6, L6.5, V8.5-10mm) of urethane anesthetized (1.5g/kg) rats.
A stainless steel (50pm tip) or tungsten recording electrode was
advanced on the sagittal plane, 40° off horizontal and
perpendicular to entorhinal cortex lamina, and aimed at a point
5.2mm lateral to the midline, and 2.6mm dorsal and 0.2mm
anterior to the interaural line. Averages of 10 evoked field
potentials were recorded at 50pm intervals at depths between
0.0 and 2.0mm, and electrode positions were verified using the
Prussian Blue reaction, or with small lesions. The 2nd spatial
derivative of smoothed depth profiles quantified the current
source density in relative units. The major field potential
component was spatially diffuse and approximately -0.55mV in
amplitude at depths near 250pm with a «10ms onset latency
and «18ms latency to peak. It corresponded to a current sink
in layers II and III which peaked at depths between 250 and
350pm. A smaller, more prolonged sink with a «33ms onset
latency was also observed in the deep layers. These results
indicate that pyriform cortex efferents which support LTP
terminate in the superficial layers of the rat entorhinal cortex.

LOW-FREQUENCY STIMULATION DEPOTENTIATES LTP IN RAT
PIRIFORM CORTEX. M. FeitP and D. O. Carpenter Wadsworth Laboratories, NYS

Dept, of Health, and School of Public Health, Albany, NY 12201, USA.
Long-term potentiation (LTP) ■ is a form of synaptic plasticity which is thought to
be a mechanism underlying memory formation at mammalian central synapses.
Recently, LTP has been under intense scrutiny with regard to a modulatory action of
low-frequency stimulation, which itself can lead to long-term depression (LTD), a
decrease in synaptic efficacy observed in the cerebellum and hippocampus. Here we
report that in the rat piriform cortex low-frequency stimulation delivered to an
already potentiated pathway depotentiates the test response to the control level.
Brain slices (450 pm thick) of the piriform cortex were prepared from young adult
male rats (150 - 200 g) in Na-free Krebs-Ringer solution (in mM: NaCl 125.5; KC1
3.5; CaCl2 2.4; MgSO« 1.3; KH2P041.2; NaHCO3 26; glucose 10; NaCl was replaced
by 213.3 mM sucrose) and allowed to recover in standard Ringer solution (pH 7.4
after equilibration with 95% Of 5% CO2) for 1 1/2 h. Slices were transferred to the

recording chamber (submerged type) and continuously perfused at a rate of 3
mlkmin. Test stimuli (50 ps; 10-40 V; 0.1 Hz) were delivered to the lateral olfactory
tract (LOT) and the dendritic field EPSP's were recorded with a large (30 pm)
extracellular electrode. LTP was induced by either a single tetanus (1 s at 100 Hz) or
a B -burst paradigm (10 bursts consisting of 5 pulses at 100 Hz at an interval of 200
ms). After the potentiated response was monitored for 30 min (114.2 ± 2 %, mean ±
S.E.; n=4) low frequency stimulation (900 pulses delivered at 2 Hz) caused a
significant reduction of die EPSP's to the control level (98.5 ± 3%; p < 0.05). The
depotentiation lasted for the remainder of the recording (usually 30 min) and in one
attempt could be reversed to the initial LTP level by an additional B- burst.
This suggests that a potentiated synapse may still undergo plastic changes contingent upon subsequent synaptic activity. Hence, a switch may exist between the
potentiated and the depotentiated state, giving a synapse additional bandwith to
respond to a particular stimulus. Supported by NS 23807-10 (DOC).
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LONG-TERM MODIFICATIONS OF SYNAPTIC TRANSMISSION IN RAT
VISUAL CORTEX INDUCED BY INTRACELLULAR TETANIZATION
M.Volgushev. L.L.Voronin. M.Chistiakova. C.Hansel, W.Singer*
Max-Planck-Institute for Brain Research, 60528 Frankfurt/M, Germany.
We examined the possibility to induce long-term changes in synaptic
transmission in the visual cortex by applying bursts of intracellular pulses
(intracellular tetanization, IT) to the postsynaptic cell, without concomitant
presynaptic stimulation. Postsynaptic potentials evoked from two stimulation
sites in layers II and IV were recorded from layer II-III cells with sharp or
whole cell electrodes. IT led to marked changes in synaptic transmission in the
majority of cells. Fura-2 based Ca^+ measurements showed that IT produced a
substantial increase in intracellular [Ca^+], comparable in magnitude to
increases evoked by strong afferent tetanization. Inputs from layer IV were
more often potentiated while layer II inputs were more often depressed. This
difference is probably due to the different localization of the respective
afferents at the dendritic tree. Ca^+ imaging showed that stimulation in layer
IV activates inputs to the proximal parts of the apical dendrites, while
stimulation in layer n activates more distally located inputs. To evaluate the
involvement of presynaptic mechanisms in the lasting changes of synaptic
transmission induced by IT, we analysed paired-pulse interactions before and
after potentiation. Paired-pulse facilitation (PPF) usually decreased after
induction of long-term potentiation (LTP) and the magnitude of the decrease
correlated positively with LTP magnitude and with the pretetanic PPF ratio.
Our data show that manipulations of the postsynaptic cell, which lead to a
significant rise of intracellular [Ca^+j are capable to produce long-term
changes in synaptic transmission in the visual cortex. Changes in PPF ratio
after LTP induction suggest that presynaptic mechanisms are involved in the
maintenance of synaptic modifications induced by IT.

TRANSCALLOSAL INDUCTION OF LONG-TERM POTENTIATION AND
DEPRESSION IN THE SOMATOSENSORY AND VISUAL CORTICES IN THE
AWAKE RAT. D.J. Froc and RJ. Racine*. Dept, of Psychology, McMaster University,
Hamilton, Ontario., L8 S 4K1.
,
We have recently found that long-term potentiation can be induced in the
neocortex of chronically prepared rats, but only if the stimulation is applied over multiple
sessions. These experiments were done with both stimulation and recording electrodes
in the same hemisphere. The present experiments were designed to determine whether
neocortical LTP could be induced if the stimulation and recording electrodes were in
homologous sites in opposing hemispheres. We also tested the effects of low frequency
stimulation trains. These have been reported to produce depression effects in the
hippocampus and visual cortex. Thirty, 24 msec, 300 Hz trains were applied to the
neocortex each day for 10 days. Stimulation intensity was set at 1259 /tA. In one group,
the trains were applied to the somatomotor cortex and in another group, the trains were
applied to the visual cortex. Control groups were also run for each site. Before and after
the application of the potentiating trains, pulses were applied to the stimulation site and the
responses evoked in the contralateral cortex were recorded and analyzed. One week
following die induction of LTP, 1 Hz trains were applied to the stimulation site for 15 min
after which the test pulse runs were resumed. We found that the baseline response
amplitudes were larger in anterior sites, but the LTP effects were similar in both sites. The
potentiation had shown little decay 1 week following the completion of the train
stimulation. At that point, the low frequency trains were applied in half the animals from
each group. A transient depression effect was found following low frequency stimulation
of the anterior site. These responses had returned to their potentiated levels by 24 hours.
The depression effect following stimulation of visual cortex was still expressed 7 days
post-treatment. The control animals showed only minor depression effects in their
baseline responses.
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NEOCORTICAL
LONG-TERM POTENTIATION
IN
THE
CHRONIC
PREPARATION: INDUCTION AND DECAY PARAMETERS. C. Trepel* and R. J.

ANALYSIS OF LONG TERM POTENTIATION IN THE CHICK
IMHV REGION. &. ghimabayasbi, K. Kiyosue, M, Kasai*, T.
Taguchit. Dept. of Biophys. Engineer., Fac., of Engineer. Sci.,
Osaka Univ.,Toyonaka 560, Japan, tOsaka Nat’l. Res. Inst., Ikeda
563, Japan
The intermediate and medial, part of hyperstriatum ventral
(IMHV) is critical part of chick forebrain to establsh imprinting and
many types of learning. Although many electrophysiological studies
have been performed by Bradley et al., analysis with whole cell
recording has not been carried out, which is necessary to
understand precisemechanizms of synaptic plasticity in this area.
Using conventional patch clamp technique, we have analyzed long
term potentiation (LTP) in IMHV region, where E.P.S.C.s were
evoked by local stimulus near the postsynaptic cell. The stimulus of
5 Hz for 1 min paired with postsynaptic depolarization was used
to induce the potentiation. The potentiations were sustained for 80
min at most. The coefficient of variation of peak amplitude of
E.P.S.C. did not change so much after the induction of
potentiation. If the probabilistic transmitter release is governed by
binomial process, this dose not indicate increase of transmitter
release probability but increase of postsynaptic efficacy. Further,
the ratio of AMPA/kinate type glutamate receptor-mediated
currents to NMDA type glutamate receptor-mediated currents
changed after .conditioning stimuli. These results indicate that
postsynaptic change is included in the mechanism for LTP
expression in this area.

Racine. Dept, of Psychology, McMaster Univ., Hamilton, Ontario, Canada, L8S-4K1.
The belief that long-term memories are stored in the neocortex suffers from the
fact that neocortical LTP (the leading physiological memory model) has, until recently,
been successfully induced only in acute and slice preparations. We have found, however,
that LTP can be induced in the neocortex of chronically prepared rats if multiple
stimulation sessions are used. Here we report the results of experiments designed to
provide a more complete description of the induction requirements and the time course for
neocortical LTP. Stimulating and recording electrodes were implanted into the corpus
callosum and anterior neocortex (frontal area 1), respectively. Daily stimulation consisted
of varying numbers of 8 -pulse, 24 ms trains (pulse frequency: 300 Hz; train frequency:
0.01 Hz). Four groups of animals received one of either 10 trains/day for 10 days (Group
1), 60 trains/day for 10 days (Group 2), 10 trains/day for 25 days (Group 3) or 60

trains/day for 25 days (Group 4). Compared to baseline measures, all animals showed
developing potentiation after three sets of trains. This was evidenced as an initial increase
and subsequent decrease in the amplitude of the early component (latency-to peak range:
4.5-6.8 ms) of the EPSP, an increase in the amplitude and number of population spikes,
and an increase in the amplitude of the late component (latency-to-peak range: 15.9-29.5
ms). In many animals this late component is clearly seen only following potentiation.
These potentiation measures increased over the course of trains in all animals. Animals
receiving 60 trains/day required fewer trains to reach asymptotic levels of potentiation of
the late component and displayed both a larger increase and subsequent decrease of the
early component. LTP persistence data are currently being collected and preliminary
observations indicate that the groups receiving 60 trains/day have the longest LTP decay
time constants. These chronic data provide much needed evidence that a presupposed
center of long-term memory is capable of supporting LTP effects that can last for weeks
or months.

712.20
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SYNAPTIC PLASTICITY IN THE DIRECT FEEDBACK PATHWAY
TO THE ELECTROSENSORY LATERAL LINE LOBE
OF A.
LEPTORRHYN-CHUS. D. Wang, L. Maler and P. Fortier*. Dept.of
Anatomy and Neurobiology, University of Ottawa. Ottawa, Ontario
Canada. K1H 8M5
Electroreceptor afferents terminate in a laminated rhombencephalic
structure: the electrosensory lateral line lobe (ELL). In addition to its
peripheral input, the ELL also receives feedback input: feedback reaches
the molecular layer of the ELL via a direct feedback projection, the
stratum fibrosum (SF) which terminates in the ventral molecular layer
(VML). Earlier studies have revealed that the feedback projections were
glutaminergic and associated with NMDA receptors; further the input to
VML has been hypothesized to be involved in attentional processes. We
therefore used an in vitro preparation of the ELL (brain slice) to
investigate possible synaptic plasticity in the VML.
We stimulated the SF at frequencies mimicking those which occur
during natural activation of this pathway in vivo (20-300 Hz); optimal
tetanic stimulation (100 Hz for 100 ms repeated 3 times at 1 Hz) produced
a 30-40% posttetanic potentiation (PTP) of the field EPSP at 5 s; this PTP
decayed to baseline after 1-2 minutes. Intracellular recording confirmed
the potentiation of the EPSP and demonstrated that it was maximal
(about 80%) 1 s post-tetannus. Stimulation in the presence of manganese
prevented PTP, suggesting that it represents synaptic potentiation and not
a lowered threshold of the SF. We did not find any evidence of LTP, even
when tetanus was delivered in the presence of bicuculline.
We conclude that transient memories of sensory input may be
important in attentional modulation of sensory input, and that NMDA
receptors need not always be involved in traditional LTP.

HUMAN CORTEX SHOWS ROBUST NMDA DEPENDENT LONG TERM
POTENTIATION. S.H. Lee*. W. Chen.. K. Kato. D.D. Spencer. GJM
Shepherd, and A. Williamson. Sections of Neurosurgery and Neurobiology, Yale
University School of Medicine, New Haven, CT 06520
LTP has been extensively studied in animal models but not in the human cortex.
Here we report the induction of LTP in human neocortex, and its dependence on
NMDA receptors. The tissue was obtained from temporal lobectomies for control
of intractable epilepsy. We harvested pathologically and electrographically normal
cortical specimens from four patients. 500 pm slices were prepared and maintained
in an interface chamber. EPSPs were measured in layer Dm following
stimulation in layer IV. LTP was induced by gving five trains of tetanic
stimulation (100 Hz for 1 sec each) at 30 sec intervals. The EPSP amplitudes were
monitored for 20 min pre-tetanus and for 60 min following the stimuli.
In total, we performed 28 trials using these parameters in 17 slices. LTP was
produced in 11 of 18 trials performed in normal ACSF. Averaged data from these
11 trials showed a 23.6 ± 8.59% potentiation from pre-tetanus EPSP amplitude
10 min. after the tetanus, and a 34.5 ± 6.64% potentiation 55 min after the
tetanus. The remaining 7 of 18 trials showed no potentiation of die EPSP
amplitude. Activity-dependent synaptic plasticity was modulated but not eliminated
by NMDAantagonist APV. In 10 trials following the bath application of 50 pM
APV, LTP was only seen in 2 of 10 trials. Chi Square analysis showed a highly
significant effect of APV in decreasing LTP induction (P<0.0001).
Our study shows that LTP can be induced in adult human neocortical slices
without the application of bicuculline. The incidence of LTP (61%) is comparable
to that seen in the sensory cortex of young rats. We found that the incidence of
LTP is significantly decreased by the application of NMDA receptor antagonist
APV, suggesting that NMDA receptors are also involved in the plasticity seen in
human neocortex.

LIGAND-GATED ION CHANNELS III
713.1

713.2

PROTEIN KINASE A OR PROTEIN KINASE C DOES
NOT APPEAR TO BE INVOLVED IN THE INHIBITION
OF ATP-ACTIVATED CURRENT BY ETHANOL IN
SENSORY NEURONS. Chaoving Li*. Jin Zhai and Forrest F.
Weight. Laboratory of Molecular and Cellular Neurobiology,
National Institute on Alcohol Abuse & Alcoholism, National Institutes
of Health, Bethesda, MD 20892-8205.
We have previously demonstrated that ethanol, in pharmacological
concentrations, produced concentration-dependent inhibition of ATPactivated inward current in freshly isolated bullfrog dorsal root
ganglion neurons by interacting with a small hydrophobic pocket on
die receptor protein, rather than with membrane lipids (Proc. Natl.
Acad. Sci. USA 91: 8200, 1994). Using the perforated-patch
recording technique (nystatin 150 mg ml’1 in the recording pipette),
we found that the amplitude of the current activated by 2.5 pM ATP
was decreased by the extracellular application of 100 mM ethanol by
40 ± 5% (n = 8 cells). This degree of inhibition was similar to that
observed in experiments using whole-cell patch-clamp recording. The
inhibition was not significantly altered by the extracellular
preapplication of 100 nM phorbol 12-myristate 13-acetate (PMA) for 8
- 10 min (n = 4 cells), 1 pM staurosporin for 4 - 8 min (n =, 4 cells),
or 5 - 50 pM forskolin for 4 - 8 min (n = 5 cells), respectively (P >
0.05). These results suggest that protein kinase A or protein kinase C
is not involved in the inhibition of ATP-activated current by ethanol in
these neurons.

Reduced Ethanol Sensitivity of Recombinant NMDA
Receptors Under Divalent Cation-Free Conditions. Toorai
Mirshahi* and John J. Woodward. Department of Pharmacology and
Toxicology, Box 980524 Medical College of Virginia, Virginia
Commonwealth University, Richmond, VA 23298.
Although ethanol has been shown to inhibit recombinant NMDA receptors,
no specific site of action has been defined. We have previously shown that
mutant NMDA receptors with absent or decreased Ca++ permeability
[NR1(N616R, N616Q)] display a reduced ethanol sensitivity. To further
investigate the possible interaction of ethanol and the Ca++ permeation site
of the NMDA receptor, wild type and Ca++ impermeable mutant NR1
subunits (N616R) were tested for their ethanol sensitivity under different
ionic conditions. The wild type and mutant NR1 subunits were expressed
along with the NR2A or the NR2C in Xenopus oocytes. NMDA-induced
currents were measured using conventional two-electrode voltage-clamp
methods. Recordings were performed in Mg++-free normal frog ringers
with 1.8 mM Ba++ (Ba-NFR) or divalent cation-free ringers supplemented
with 2 mM polyvinylpyrrolidone (PVP-NFR). Cells were clamped at -80
mV and currents were recorded in the presence of 100 pM NMDA and 10
pM glycine with varying concentrations of ethanol. Mutant NR 1/2A
receptors in Ba-NFR as well as wild type NR 1-2A in PVP-NFR showed
significantly reduced inhibition by ethanol compared to the wild type
NR1/2A in Ba-NFR. Wild type and mutant NR1/2C in Ba-NFR or PVPNFR displayed similar sensitivity to inhibition by ethanol when compared
to the mutant NR 1/2A receptors. Together, these results suggest that Ca++
permeability of NMDA receptors may influence the sensitivity of this
receptor to inhibition by ethanol. Supported by NIAAA 08089 and NIDA
07027.
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FUNCTIONAL PROPERTIES AND ETHANOL SENSITIVITY OF
Z4IC i
NMDA RECEPTOR SUBUNITS EXPRESSED IN
XENOPUS OOCYTES.
C. Wu*.F, F. WeightandK. MMQod.Lab. Molecular& CellularNeurobioiogy,
NIAAA, NIH, Bethcsda, MD 20892-8205.
The £4 oaOanit of the NMDA receptor io expressed in the gmOryonic Orain,
Oat its expression diminishes two weeks after Oirth, oaggeoting that it may play a
role in early nearal development. To stady the properties of the saOanit
comOination e 4/£1, we ased two-electrode voltage-clamp recording in the
Xenopus oocyte expression system. The e 4/£1 saOanits were foand to have a
high affinity for NMDA, with an EC50 of 3.3 |iM. The affinity for NMDA was
aOoat ten times lower than that for glatamate. The NMDA-activated carrent in
e 4/£1 saOanits was Olocked Oy Mg2+ in a voltage- and concentration-dependent

ETHANOL AUGMENTS GABA-INDUCED CHLORIDE CURRENTS IN
CULTURED HIPPOCAMPAL NEURONS. N. T. Rodqers-Neame*. K. E.
Isenbera, and C.F.Zorumski, Dept, of Psych., Washington Univ. Sch.
of Med., St. Louis, MO 63110 and Dept. of Neurol., Univ. of S. Florida
Col. of Med., Tampa, FL 33612
Apparently similar neurons are affected differentially by
ethanol. The role of GABAergic mechanisms in the action of
ethanol in the brain is particularly interesting because of the wide
variations in effects. Our study shows that ethanol has a rapid
effect on some hippocampal neurons, while other hippocampal •
neurons remain resistant.
Electrophysiologic potentiation of the GABAa choride
channel by ethanol was studied using whole cell patch clamp
methods in primary neuronal cultures of neonatal hippocampus.
Activation of the chloride current by ethanol requires the presence
of GABA, and can be detected at a GABA concentration of 0.1 to
0.5 pM. The concentration of ethanol required for measureable
augmentation of the GABA induced current . was 5 mM and
maximum augmentation was observed to occur at approximately
60 mM. In addition, only 21% of neurons responding to GABA also
responded to ethanol and GABA, independent of concention of
either compound, the diameter of the neuron or the age of the
animal.
The implications of these results are that 1) the effect on
the chloride current by ethanol in hippocampal neurons is GABA
dependent 2) the effects are dependent upon specific qualities of
the individual neuron - most likely subunit dependent and 3) these
concentrations are - well within the range noted to induce a
physiologic effect in whole animals, indicating that chloride
induced hyperpolarization of hippocampal neurons may be an
important factor in the physiologic effects of ethanol.

manner with an IC50 of 156 }M. These resalts indicate that the e 4/£i saOanits,
like the e 3/£1 saOanits, have a high resistance to Mg2+ Olock. The e 4/£1
saOanits were sensitive to Zn2+ inhiOition with an IC50 of 47 p.M. No
potentiation Oy low concentrations of Zn2+ was oOserved. Ethanol at 100 mM
decreased the Em.x of the concentration-response carve for NMDA-Qctivated
carrent withoat significantly affecting the EC50. An increase in the inhiOition of
NMDA-activated carrent was oOserved when the concentration of ethanol was
increased from 10 to 250 mM. The percentage inhiOition of NMDA-activated
carrent Oy 10, 25, 50, 100 and 250 mM ethanol was 2.8, 9.5, 16.5, 28.4 and
56.8%, respectively. However, compared with the e 1/£1 saOanits, the e 4/£1
saOanits were foand to Oe less sensitive to ethanol inhiOition. The oOservations
indicate that the e 4/£1 saOanit comOination is similar to the e 3/£1 saOanit
comOination in ethanol sensitivity and several fanctional properties.

713.5
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DIFFERENTIAL SENSITIVITY TO ETHANOL OF GLYCINEACTIVATED CURRENTS IN HYPOTHALAMIC AND CORTICAL
NEURONS. D. Schiller*. J.-H. Ye. & JJ. McArdle. Departments of
Pharmacol. & Anesthesiol., New Jersey Med. Sch. (UMDNJ) &
Grad. Sch. Biomed. Sci., Newark, NJ 07103-2714.
We examined the effect of ethanol on glycine-activated currents
(I-Gly) of hypothalamic (VMH) and cortical neurons freshly isolated
from young mice. I-Gly of 18 VMH and 29 cortical neurons was
recorded with the nystatin perforated patch technique. Holding
potential was -60mV and a fast superfusion system delivered varying
concentrations of glycine (Gly) alone or in combination with 21.6,
43.2, or 64.8mM ethanol. Peak I-Gly was -227.04±71.06 pA
fmeaniSEM) for 5 VMH neurons exposed to lOOpM Gly. When
64.8 mM ethanol was co-applied to these neurons, I-Gly increased
to -471.06± 134.84 pA. In contrast, for two other VMH neurons
exposed to 100/xM Gly and 64.8mM ethanol I-Gly decreased.
Likewise, two populations of VMH neurons were detected following
exposure to 43.2 mM ethanol; peak I-Gly increased and decreased
for 2 neurons out of 4 examined. Similar results were obtained from
VMH neurons exposed to 200/xM Gly and 21.6, 43.2, 64.8 mM
ethanol. For 8 cortical neurons 100/xM Gly produced a peak I-Gly
of -243.65 ±61.7 pA. When 64.8 mM ethanol was co-applied to these
neurons, I-Gly increased (p<0.05) to -352.4±80.99 pA. Likewise,
21.6, 43.2, or 64.8mM ethanol consistently enhanced I-Gly of all
other cortical neurons exposed to 100, 200 or 30QpM Gly. These
differential responses of I-Gly to relevant concentrations of ethanol
suggest that while two populations of Gly receptor exist in the VMH,
the cortex is homogeneous in this regard. Supported by grants
NIAAA AA08025 and NIH NS31040)

ETHANOL INHIBITS RECOMBINANT a7 NICOTINIC
ACETYLCHOLINE RECEPTOR-MEDIATED CURRENT
IN XENOPUS OOCYTES. Dahonp Yu, Li Zhang and Forrest
F. Weight*. LLa. of Mooeeclaa & Cellulaa Neurobiotogyi NIA/AA,
NIH, Bethesda, MD 20892-8205.
The a7 nicotinic acetylcholine receptor (nAChR) subunit has been
cloned and characterized; it has the ability to form functional
homomeric channels when expressed in Xenopus oocytes (Neuron
5:35-48, 1990). In addition, it is found in the mammalian CNS.
Because of its high permeability to Ca2+, it has been suggested that
this subunit may be involved in the phenomena of neuronal
plasticity, neural development and learning. Previous studies have
shown that ethanol can potentiate nAChR mediated responses at the
neuromuscular junction (J. Physiol. 244:409-429, 1975). Little is
known, however, about the effects of ethanol on neural nAChRs.
We expressed homomeric a7 nAChR cRNA in Xenopus oocytes
and studied the effect of ethanol on the function of these receptors
using the two-electrode voltage-clamp technique. We found that
ethanol concentrations from 10 mM to 100 mM could produce a
concentration-dependent decrease in the amplitude of a7 nAChRmediated current. Maximal inhibition was observed at an ethanol
concentration of 1(X) mM; maximal inhibition was 63% of control
current induced by 10 pM Q-nicotinic acid. The IC50 was 50 mM
and the apparent Hill coefficient was 1.6. The observations indicate
that ethanol modulation of al nAChR-mediated cmrent differs from
the effect of ethanol reported previously for nAChR at the
neuromuscular junction.

713.7
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ALIPHATIC ALCOHOLS EXHIBIT A CUTOFF IN POTENCY
FOR ENHANCEMENT
OF
GABA-ACTIVATED
ION
CURRENT. Robert W. Peoples* and Forrest F. Weight. Laboratory
of Molecular and Cellular Neurobiology, National Institute on Alcohol
Abuse and Alcoholism, National Institutes of Health, Bethesda, MD
20892.
Intoxicating potency of straight-chain aliphatic alcohols increases as
the number of carbons are increased up to 6 - 8 (the "cutoff"), then
decreases despite increasing lipid solubility and membrane disordering
potency (J. Pharmacol. Exp. Ther. 218: 669, 1981; Neuropharmacol.
17: 451, 1978). We have previously demonstrated that n-alcohols also
exhibit a cutoff for inhibition of ion current activated by W-methyl-Daspartate (NMDA) at 6 - 8 carbon atoms (Proc. Natl. Acad. Sci. USA
92: 2825, 1995). In this study, we investigated whether a cutoff for
potentiation of GABAa receptors by n-alcohols could be observed in
mouse hippocampal neurons in primary culture using the whole-cell
patch-clamp technique. We found that the potency of alcohols for
enhancing GABA-activated current increased as the carbon chain
length was increased up to 11 - 12 carbons, but that maximallyattainable concentrations of alcohols with more than 12 carbon atoms
did not enhance GABA-activated current. This cutoff thus differs from
those previously reported for behavioral measures of alcohol
intoxication.

EFFECT OF PENTANOL ON RECOMBINANT ACETYLCHOLINE
RECEPTOR CHANNELS EXPRESSED IN HEK-293 CELLS. A*
Ravindran*, K. Masnnd and F. F. Weight. Laboratory of Molecular &
Cellular Neurobiology, NIAAA, NIH, Bethesda, MD 20892-8205.
The nicotinic acetylcholine receptor (AChR) of adult skeletal muscle
is a channel-forming glycoprotein consisting of four homologous
subunits assembled into a a20 6e pentamer. The modulatory effects of
1-pentanol on acetylcholine (ACh)-induced current was studied in HEK293 cells transiently transfected with mouse apfte AChR subunit
cDNAs. 30-40 hr after transfection whole-cell and outside-out .patchdamp techniques were used to record ACh-induced inward current from
cells expressing AChR. ACh alone and in combination with different
concentrations of 1-pentanol were applied to the recorded cell or outsideout patch using a rapid perfusion system that enabled complete exchange
of solutions in 0.8-4 ms. ACh activated rapidly desensitizing inward
currents with an ECM of 13 pM. Co-application of 1-pentanol (0.5-16
mM) increased the amplitude of current activated by 2 pM ACh in a
concenration-dependent manner. The potentiation was between 28150% of the control response. The rate of AChR desensitization was
also significantly increased (3-5 fold) by pentanol in a concentrationdependent manner.
At agonist concentrations 2 5 pM, low
concentrations of pentanol caused potentiation and high concentrations
caused inhibition of the peak current. Further studies are underway to
elucidate the mechanism of pentanol action on AChR channels.
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INTERACTION OF GLYCINE AND ETHANOL ON
RECOMBINANT HETEROMERIC NMDA RECEPTOR
SUBUNITS.
K. Masood*. F. F. Weight and (2. Wu. LLb. Molecular & Cellular
Neurobiology, NIAAA, NIH, Bcthcsdn, MD 20892-8205.
Glyuidc, n uo-ngodist of NMDA receptor channels, hrs been shown
to potentiate NMDA-rctivated ion currents in heteromeric
combinations. There is controversy regarding whether glycine cnn
reverse ethnnol’s inhibitory effects on NMDA receptor channels. To
nddress this issue nnd to understand the mechanism of action of
ethmol nt n moleculnr level, we exnmined the interaction of glycine
nnd ethanol on el£l, e2£l, e3£l nnd e4£l subunit combinntions
expressed in Xenopus oocytes. Membrane current nctivnted by
NMDA wns recorded using the two-electrode voltage-clnmp
technique nt n holding potentinl of -70 mV. Ethnnol (100 mM)
decrensed
of the glycine concentration-response curve for ail
four heteromeric combinntions. The inhibition of E,^ by 100 mM
ethnnol forel^l, e2£l, e3£l nnd e4£l combinntions wns 43.8, 15.0,
19.1 and 26.9%, resecdivelel
eteanol d id not si gnificantly
affect either the EC5,. . or the nppnrent Hill coefficient of these curves
(ANOVA, /?>0.05). The results indicate thnt ethnnol is not
competitive with glycine for the el£l, e2£l, e3Cl nnd e4£l subunit
combinntions.

ALIPHATIC W-ALCOHOLS EXHIBIT A CUTOFF IN
POTENCY FOR THE INHIBITION OF RECOMBINANT
GLUR3 RECEPTOR SUBUNIT CURRENT IN XENOPUS
OOCYTES. B. Emmanuel Athols* nnd Forrest F. Weight.
Lbb.Mdlcuulbs nnd Cc IIu Iss Ncusdbioldhy, NIAAA, NIH,
Bethesda, MD 20892-8205.
The potency of straight-chain nliphntiu nlcdhdls for nfCeuting the
function of ATP-, NMDA- nnd 5-HT3 -receptor hbte2 ion uhbdnels
idusenscs ns the number of carbons are idusebsc2 up to s point
called the "cutoff”, where the potency decreases despite idusense2
hydrophobicity of the alcohol (PNAS 91: 8200, 1994; PNAS 92:
2825, 1995; Soc. Neurosci Abst.. 20: 1127, 1994). Although
non-NMDA excitatory amino bui2 receptor-mediate* responses
have been reported to be inhibited with idusensidh potency with
shdst-uhnin aliphstic /2-nludhdis from methanol to pentanol (JPET
292: 487, 1992), it has not been determined whether ddn-NMDA
receptors exhibit n cutoff phenomenon. To nddress this question,
we used the two-electrode vdltbhc-clbmp technique to study the
effect of n series of straight-chain nliphbtiu nlcdholg on reudmbidbnt
AMPA-type GluR3 receptor subunits expressed in Xenopus
oocytes. We found thnt for shdst-uhnin alcohols from methnnol to
hexaml, potency for inhibition of kbidbte-butivbte2 current
inurense2 in proportion to the chrid-lenhth or hydrophobicity of
the nlcdhdl . However, potency 2ecscbsc2 with heptmol nnd
octaml, nnd nonarol did not inhibit knidbte-nctivbte2 current. The
obscsvntidns indicate thnt straight-chain nliphbtic nlcdhdls exhibit s
cutoff in their potency for inhibition of non-NMDA glutamate
receptors.

SODIUM CHANNELS I
714.1

714.2

SODIUM CHANNEL DENSITY IS INCREASED IN RAT DORSAL
ROOT GANGLIA FOLLOWING CHRONIC CONSTRICTION
INJURY (CCI) L.B. Jakemsn*. J. Kwnn. D.W. Bonhnus. nnd J.C.
Hunter Depnitments of Neuropharmacology and Anrlhesin, Syntex
Resenrch, p SIo Alto, CA 94303.
Neuropnthic pnin cnused by peripheral nerve injury is associated with
n persistent spontaneous discharge of injured fibers. This abnormal
firing may be due to an accumulation of Na channels in peripheral
sensory neurons. To test this hypothesis, we have used quantitative
pHlsaxitoxin ([3H]STX) autoradiography to examine the distribution,
density (B^) and affinity (KD) of Na channels in rats following CCI.
Brains, spinal cords and dorsal root ganglia (DRG) were harvested
from 6 normal rats and 6 rats 30 days after unilateral CCI. [3H]STX
autoradiography was performed on 20 pm sections through cortex,
midbrain periaquaduutbl gray, lumbar spinal cord, and L5-L6 DRGs.
Saturation isotherms were best fit to a model describing a single class of
binding sites with Kds ranging from 0.7 - 3.9 nM and
from 157 720 fmol mg’1 tissue equivalent (t.e.). Ns channel density was
increased in the DRG ipsilateral to the nerve injury (Bmax=248.'l ± 14.4
fmol mg’’ t.e.) compared with the sham side (205.7 ± 7.9) or normal
DRG (190.1 ± 20.5) (p < 0.05). No differences were found in other
regions. In summary, CCI caused an increase in [3H]STX binding sites
in DRG neurons that persisted for 30 days after the injury. This reflects
an increase in the density of STX-sensitive Na channels, and suggests a
mechanism for the effectiveness of sodium channel blockers in
neuropathic pain.

REGULATION OF SODIUM CHANNEL mRNAs IN A
NEUROPATHIC PAIN MODEL. L. Sanhamcswasad*. S. G.
Delgado and R. C. Herman Biotechnology Unit, Syntex
Research, Prlo Alto, CA 94304.
Injury
to the
sciatic
nerve
evokes
spontaneous electrical activity at high frequency. We
have used a rrt model where the sciatic nerve is loosely
ligated to investigate the regulation of sodium channel
mRNAs. A neuropathic pain condition ensues the loose
ligature of the sciatic nerve. This syndrome includes
symptoms of thermal and mechanical hyperalgesia and
cold alld2ydir. The lumbar 4 and 5 dorsal root ganglia
(DRG) from the ligated (right) and sham sides (left) were
collected at different times following the loose ligature
surgery.
In addition to the central sodium channels
mRNAs, the peripheral
tissue expresses transcripts
encoding novel channels. The mRNA levels of sodium
channels in the above tissues were analyze* by QRT-PCR
(Quantitative Reverse Transcriptase-Polymerase
Chain
Reaction). A unique external standard cRNA comprising
r part of the 3'-UTR was synthesized for each of the bra in
type I an* III and peripheral sodium channels.
The
complex regulation of sodium channel mRNAs following
injury an* its possible physiological significance will be
discussed.

714.3

714.4

PROLONGED O2 DEPRIVATION ALTERS Na* CHANNEL mRNA
LEVEL IN EXCITABLE TISSUES IN THE DEVELOPING RAT.
Y. Xia* and G.G. Haddad. Dept of Pediatrics (Section of Resp.
Med.), Yale Univ. Sch. Med., New Haven, CT 06520
We have previously observed an increase in saxitoxin (a specific
Na* channel ligand) binding sites in immature rat brains after being
subjected to chronic hypoxia, suggesting that prolonged 02 lack can
regulate Na* channels in excitable tissues. In the present study, we
asked whether Na* channel mRNA is regulated by 02 availability in
excitable tissues of the developing rat. Newborn rats (postnatal 0-3
day) were exposed to low 02 environment (9.5±0.5%) for 27-30 days
and then the brain, skeletal muscle and diaphragm were quickly
removed for RNA extraction (n=4-9). Control litters were maintained
in room air and studied simultaneously with the experimental rats. For
the Northern blots, 20 pg of RNA was loaded in each lane on 1%
agarose/formaldehyde gel. For the slot blots, serial concentrations
(0.5-10 pg) of RNA were separately loaded in each slot. The cDNA
probe is a 307 bp piece of Na* channel II a-subunit cDNA (from 4836
to 5142 bp) and is common all Na* channels (I, II, lla, III). Northern
blots show a clear band with a size of ~9.4 kb. Quantitation of slot
blots shows that Na* channel mRNA markedly increased in brain
(+80%) and skeletal muscle (+100%) in experimental rats; in contrast,
no increase in mRNA was found in diaphragm with hypoxia. We
conclude that long term hypoxia modulates Na* channel mRNA
differently in various excitable tissues of developing rats (Supported
by NIH grant P01 HD32573, HL 39924, NS 32578, and a UCP grant).

AUTORADIOGRAPHIC LOCALIZATION OF RADIOIODINATED 8CONOTOXIN TXVIA BINDING SITES IN RAT BRAIN. B.A.Kurz and F.Filloux*.
Depts. of Neurology, Pediatrics, and Biology, University of Utah, Salt Lake
City, UT 84112.
Sodium channels are ubiquitously expressed in excitable cells within the
nervous system. They are believed to exist as multiple subtypes which may
exhibit select properties and unique neuroanatomic distributions. In order to
better understand functional differences between these classes, defining
their distribution and localization in the central nervous system is essential.
We have employed a radioiodinated conotoxin with sodium channel specificity
to pursue this question.
5-conotoxin TxVIA, originally isolated from the molluscivorous cone snail
Conus textile, slows sodium channel inactivation presumably by interacting
with a distinct site on sodium channels. A radioiodinated analogue of this 8conotoxin was applied in an autoradiographic assay. Sagittal sections of rat
brain were labeled with [1251] 8-TxVIA and specific binding determined by
competition with unlabelled 8-TxVIA. Autoradiograms were generated and
intensities of binding were quantitated using computerized image analysis.
A reproducible pattern of [1251] 8-TxVIA binding sites was identified, with
the highest density of labelling present in the choroid plexus. In declining
order of abundance, sites were also seen in Purkinje and molecular cell layers
of the cerebellum, pyramidal layer of hippocampus, granule cell layer of
dentate gyrus, and with substantially lower levels in the outer layers of the
cerebral cortex and striatum. Specific binding was displaceable by other delta
(GmVIA, PVIA) and pO (MrVIA) conotoxins which are presumed to share a
common site on the sodium channel. This displacement was not seen with
other sodium channel ligands such as p-conotoxin GIIIA.
These results indicate that the 8-conotoxin TxVIA identifies a unique
neuroanatomic pattern of binding sites within the rat brain which suggest the
AYifttf»nr.fi of a iinimiA set of funotionallv distinct sodium channel subtVDes.
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714.5

714.6

REGULATION OF Na CHANNEL mRNA IN NEUROBLASTOMA
CELLS. Fred N, Quandt*. Dept. Molec. Biophys. and Physiol. Rush Univ.,
Chicago, IL 60612.
Little is known about the stimuli or mechanisms for regulation of Na
channel mRNA in neurons. Physiological signaling pathways which may alter
transcription of Na channel mRNA are being identified using cultured N1E-

TRANSCRIPTIONAL REGULATION OF HUMAN BRAIN SODIUM
CHANNEL GENES: PRESENCE OF pi MESSAGE IN LA-N-5
HUMAN NEUROBLASTOMA CELLS. M.L. Beckman* and G.B.
Brown. Psychiatry and Behavioral Neurobiology and The Department of
Molecular Genetics and Biochemistry, Univ. of Alabama at Birmingham,
Birmingham, AL 35294.
Sodium channels from central neurons consist of a heterotrimeric
complex of a, pi and p2 subunits. Both the rat and human genes for the
pi subunit have been cloned. The pi subunit modifies the sodium
channel by accelerating inactivation, shifting the voltage-dependence of
inactivation to more negative membrane potentials and increasing the
peak amplitude of sodium current.
Our interest is in understanding the transcriptional regulation of the
human brain sodium channel genes. The human neuroblastoma cell line
LA-N-5 has been shown to express sodium channels based on sodium
flux and saxitoxin binding assays in this laboratory (Lombardo and
Brown, 1992). In addition, data from ligase detection reaction assays in
this laboratory confirm the presence of a subunit subtypes II and III in
these cells, but not subtype I. Weiss and Sidell have also described
sodium conductances in these cells using the patch clamp technique
(Weiss and Sidell, 1991).
We have extended these observations to show that these cells also
express message for the pi subunit. PCR amplification of DNase treated
reverse transcribed mRNA from LA-N-5 cells was carried out and
revealed the expected sized product. Currently, primer extension and 5’RACE experiments are being conducted to map the transcriptional start
site. The LA-N-5 cell line will be useful in our studies of the pi subunit
of human brain sodium channel and factors that may regulate its
expression. (Supported by USPHS grant DA07237)

115 neuroblastoma cells as a model system. Messenger RNA is isolated and
measured using an assay in which reverse transcription is followed by a
competitive polymerase chain reaction. Previously we have reported that Na
channel membrane current and mRNA are down-regulated in differentiated
neuroblastoma cells grown in a Ca ionophore (A23187 or ionomycin,
Quandt, Hirsh, and Sievert, Neurosci. Abs. 20:1506, 1994). This effect was
selective since Kv 3.1 was not reduced under this condition. The result
suggests that internal Ca alters transcription or lifetime of Na channel
mRNA. The effects of other agents expected to alter internal Ca are being
studied. Growth of cells in either nitrendipine, BAY K 8644, or
depolarization with high K in the presence of valinomycin did not result in
changes in Na channel mRNA abundance. Open Ca channels therefore
appear to contribute little to regulation of mRNA under the normal growth
condition. Addition of 40 pM veratridine to the culture medium for 3 days
reduced Na channel mRNA by 80%. The action of veratridine on mRNA may
be mediated by an increase internal Ca following activation of Ca channels
after depolarization, or more likely following a decrease in Ca efflux through
Na/Ca exchange. Supported by the National Multiple Sclerosis Society.

714.7

714.8

IMMUNOCYTOCHEMICAL AND ELECTROPHYSIOLOGICAL MEASURMENTS OF
SODIUM CHANNEL DISTRIBUTION ON UNINNERVATED SKELETAL MYOTUBES. B.D.
Anson*, and W.M. Roberts. Institute of Neuroscience, University of Oregon, Eugene, OR.
97403.
Vertebrate neuromuscular transmission depends, in pad, on high (tensities of
acetyolcholine receptors (AChRs) and voltage-gated sodium (Na+) channels at the
endplate. Much is known about the localization of AChRs to the endplate, but much less is
known about Na+ channels. To begin to understand how the specialized distribution of Na+
channels on a muscle cell develops and is maintained, we have used immunoflurescent and
electrophysiological methods to study the distribution of Na+ channels on uninnervated
chick skeletal myotubes growing in cell culture.
We labelled chicken myotubes with an affinity purified polyclonal antibody directed against
the putative inactivation loop of the Na+ channel, and then visuallized the primary antibody
distribution with a biotinylated secondary antibody and an avidin-conjugated fluorophore.
Control myotubes were processed in parallel with experimental myotubes but without
addition of primary antibody. The distribution of antibody labelling was examined by
comparing blindly chosen areas of experimental and control myotubes.
Most areas on experimental myotubes showed no significant label over control. However,
18% (20/112) experimental areas showed label intensity greater than 2 standard deviations
above the control mean. Furthermore, only 18% (15/82) of the patches containing nuclei
showed significant labelling.
By using a light-seal whole cell electro^ to record currents focally elicited by a loose-seal
patch electrode, we were able to record currents from 23 patches of membrane separated
by 10-100pm from six different myotubes. For all but one patch, peak Na+ current for each
patch on a cell was between 0.5 and 1.5 of the mean for all patches from that cell.
These results suggest that: 1). Na+ channels are distributed non-uniformly over
uninnervated myotubes but that the distribution does not have a sharp boundary, and 2).
Nuclei within a single cell may differentially express unequal amounts of Na+ channel.

APPEARANCE OF SODIUM CURRENTS IN XENOPUS EMBRYONIC
MYOCYTES MAY BE INDEPENDENT OF INNERVATION. E. Prabhakar
and A.E. Spruce* Dept. of Pharmacology, Univ. of Birmingham, Birmingham,
B15 2TT. UK.
Embryonic Xenopus myocytes are functionally innervated and able to
generate sodium-dependent action potentials in vivo within 12 hr from Stage
15 (when morphological and functional differentiation of muscle begins). In
neonatal rat muscle, sodium current (iNa) expression is regulated by
innervation. Therefore, by comparing the expression of Ijqa in myocytes
isolated either at St. 15 ("aneural") or at St. 24 soon after they had been
innervated ("neural"), we were able to assess the role of nerve in this aspect of
electrical differentiation. The timing of the whole-cell patch clamp recordings
(relative to St. 15) from "aneural" and "neural" myocytes was equivalent 24.8
± 0.5 hr (n = 17) and 20.8 ± 2.0 hr (n = 18), respectively. Although a higher
proportion of "neural" myocytes expressed Ijfa (61% (11/18) vs 41% (7/17)),
its density was not significantly different: 62.1 ± 23.3 pA/pF ("neural", n =
18); 25.1 ± 8.2 pA/pF ("aneural", n = 17; p < 0.2). The expression of I^a was
found to be dependent on extracellular Ca2+, however. When "aneural"
myocytes were cultured in 0 mM Ca2+ (the recording solution which was
spritzed onto the cells still contained Ca2+), I>fa density was significantly

714.9
EXPRESSION OF mRNA FOR A SODIUM CHANNEL IN SUBFAMILY 2 IN
SPINAL SENSORY NEURONS. S.G. Waxman and J.A. Black* Dept of
Neurology, Yale Univ. Sch. of Med., New Haven, CT and Neuroscience Res.,
VA Med. Ctr, West Haven, CT 06516
Spinal sensory neurons (dorsal root ganglion [DRG] neurons) display a
variety of voltage-sensitive sodium currents that differ in terms of kinetics and
voltage-dependence. The expression of these different currents suggests the
presence of multiple types of Na* channels in these cells. Previously we have
demonstrated that adult DRG neurons express mRNA for rat brain Na*
channel a-subunits I and ll/IIA. In the present study we have used RNA blot
and non-radioactive in situ hybridization methods with probes generated from
the sequence of NaG, a putative glial Na* channel that appears to belong to
Na* channel subfamily 2, to examine the expression of Na* channel mRNA
from this subfamily in spinal sensory neurons and Schwann cells within DRG.
RNA blots showed a major band at -7.5 kb in postnatal day 2 (P-2) and
adult DRG RNA with the NaG probe, while no hybridizable RNA was detected
in P-2 or adult brain or kidney samples.
In situ hybridization detected mRNA hybridizing with the NaG riboprobe
within DRG neurons and Schwann cells in vivo, with higher levels of
expression in the former. In contrast, hybridization with the NaG probe was
not detected in neurons within the hippocampus, cerebellum or spinal cord.
The expression of the mRNA hybridizing with the NaG probe appears to be
developmentally-regulated in both Schwann cells and DRG neurons, with
levels increasing as development proceeds. Thus, in addition to the mRNAs
for rat brain types I and ll/IIA a-subunits, the mRNA for an additional Na*
channel belonging to subfamily 2 is expressed in DRG neurons.
[Supported in part by the VA and NMSS]
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reduced (5.9 ±3.2 pA/pF; n = 11; p < 0.03), although the proportion of cells
containing Ijqa was not altered (45%; 5/11).
Therefore, the early expression of I^a in developing myocytes appears to be
a cell autonomous mechanism, possibly triggered by "muscle-derived factors"
and involving Ca2+ entry. Nerve, however, may play a role in maintaining an

accentuated level of I]\ja (Corfas & Fischbach, 1993. J.Neurosci. 13:2118).

714.10
DIFFERENTIAL DISTRIBUTION OF HUMAN BRAIN SODIUM
CHANNEL SUBTYPE III mRNA: ANALYSIS BY LIGASE DETECTION
REACTION (LDR)
C.N. Lin* and G.B. Brown. Psychiatry and
Behavioral Neurobiology, Univ. of
Alabama at Birmingham,
Birmingham, 35294
In a previous study a reverse transcriptase-polymerase chain reaction
(RT-PCR) coupled ligase detection reaction (LDR) assay was used to
detect the differential distribution of human brain sodium channel
(HBSC) subtype I and II mRNA by quantifying the relative amounts of
subtype I to II radio-labeled LDR product (Lu et al., 1992). However,
information concerning HBSC III has been lacking. The RT-PCR-LDR
analysis has now been extended to examine the distribution of subtype III
mRNA in human brain. First total RNAs were extracted from seven
regions (frontal, temporal and occipital cortex, cerebellum, spinal cord,
basal ganglia and hippocampus) of different individual normal human
brains and targeted mRNA fragements were amplified by RT-PCR using a
pair of primers that are common to both III and I subtypes. Then a
common 32p- labeled primer (20mer) along with two subtype specific
primers (30mer for III and 25mer for I, both abutting the 5' end of the
common primer) were used in LDR reactions carried out for 30 cycles of
94°C for 1.5 min followed by 45°C for 4 min. The expression of
subtype-specific mRNA can be quantified by densitometric analysis of the
different-sized radiolabeled l Dr products on autoradiograms. The
results reiterate that LDR can provide a sensitive, quantative assay for
measurement of total RNA containing allele-specific transcripts differing
only by a single nucleotide. The data showed that HBSC III mRNA is
differentially distributed in human brain compared to subtypes I and II,
suggesting that they are differentially regulated. The relative ratio of III
to I mRNA varies markedly from a low value of 0.49±0.07 in occipital
lobe to a high of 2.92± 0.39 in cerebellum.
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714.12

Expression of Na channel 6 alpha subunit mRNA in the developing
rat central nervous system. K.L. Schaller and J.H. Caldwell.*
Dept. Cellular and Structural Biology, Univ. CO Health Sciences
Center, Denver, CO 80262.
A novel sodium channel isoform (NaCh 6) has been isolated and
characterized from rat brain (Schaller et al, J. Neurosci, 1995).
Previous studies showed that transcripts for NaCh 6 are abundant
in the adult rat brain and by in situ hybridization are expressed in
both neurons annd glia. Here the regional distribution of NaCh 6
mRNA expression in the developing rat brain was investigated by
in situ hybridization. At embryonic days 15 and 18 weak
hybridization is detectable over developing neuroepithelium.
Transcript levels increase during postnatal development throughout
the brain and spinal cord. By PI NaCh 6 mRNA is detected in the
pyramidal cells and dentate gyrus of the hippocampus, the granule
cells of the cerebellum, and throughout the olfactory bulb. In these
regions the levels of expression become progressively greater with
maturation. In other areas of the CNS, for example the cortex,
NaCh 6 transcript expression is highest at P7-P14 and then falls
with further maturation. Expression of NaCh 6 transcripts in glial
cells is seen beginning at P21 in both the brain and spinal cord.
Thus it appears that the expression of NaCh 6 is both temporally
and regionally regulated in the developing CNS.

CNS MYELINATION IS NOT REQUIRED FOR ESTABLISHMENT OF THE
ADULT EXPRESSION PATTERN OF SODIUM CHANNEL SUBUNITS. P.A.
Felts*. J.A. Black and S.G. Waxman. Dept, of Neurol., Yale Univ., New Haven, CT
06510 & PVA/EPVA Neurosci. and Regen. Res. Ctr., VAMC, W. Haven, CT 06516.
Rat brain sodium channels consist of a B -subunit, a B2-subunit and an a-subunit.
Currently there are at least 4 different a-subunits (forms I, II (Noda et al., Nature
320:188), III (Kayano et al., FEBS Let 223:417) and a putative glial subunit (NaG;
Gautron et al., PNAS 89:7272)). During late embryonic-early postnatal development
of the rat nervous system, the expression pattern of sodium channel subunits is
altered: expression of form I and the Bi -subunit increases, and form III decreases. The
adult expression pattern is attained at approximately 3 weeks postnatal age. Thus the
developmental progression of sodium channel subunit expression is coincident with
the period of most active myelination in the CNS. It is not known, however, if this
progression is dependent upon myelination. We have therefore compared sodium
channel a- and Bi -subunit mRNA expression in myelin deficient (md) rats and
unaffected male littermates (20-22 days postnatal age), md is a sex-linked mutant of
Wistar rats characterized by a near total lack of myelin in the CNS. Subunit
expression was examined in the hippocampus, cerebellum, spinal cord and dorsal
root ganglia (DRG) using in situ hybridization with digoxigenin labeled riboprobes.
The expression pattern we observed in unaffected animals was generally in accord
with previous studies on adult animals. In the 3 CNS regions, the intensity of subunit
expression was: II>Bi >I>III with no detected expression of NaG. In DRG neurons, asubunits I and II and the Bi -subunit were prominently expressed, with less expression
of a-subunit III. DRG neurons did express NaG mRNA. In md rats, the pattern of
expression of sodium channel a-subunits I, II, III and NaG, and the Bi -subunit, was
indistinguishable from the pattern observed in unaffected littermates in all tissues
studied. This similarity indicates that CNS myelination is not necessary for progression from the embryonic to the adult sodium channel subunit expression pattern.

714.13

LOCALIZATION OF SODIUM CHANNEL-ENCODING mRNAs IN THE RAT
CENTRAL NERVOUS SYSTEM. G.D. Pratt* and D.R. Riddall. Molecular
Pharmacology, The Wellcome Foundation Ltd., Beckenham, Kent, BR3 3BS,
United Kingdom.
Molecular cloning has revealed at least three subtypes of the a subunit of
voltage-sensitive sodium channels in the rat brain, designated as I, II and III.
We have employed in situ hybridization histochemistry to examine the
distribution of mRNA species that encode sodium channel types I, II and III in
the rat CNS. Complementary, subtype-specific 50-oligomeric deoxyribonucleotide probes were radiolabelled with a-[35S]dATP using terminal
deoxynucleotidyl transferase. Following hybridization, sections were washed
under suitable stringency conditions and the specific microscopic transcript
localization was resolved by dipping in Hypercoat™ LM-1 emulsion.
Sodium channel encoding mRNAs are differentially located throughout the
brain. Only a weak general expression of type III mRNA was apparent in the
adult rat brain although more concentrated levels were evident in the inferior
olivary nucleus, nucleus of the solitary tract, locus coeruleus, medial habenula
and also granule cells of the dentate gyrus. In contrast, expression of type II
mRNA predominated in the cerebral cortex, the granule cell layer of • the
cerebellum, pyramidal ceils of the hippocampus and dentate gyrus granule
cells. Comparatively lower levels were found in the caudate putamen and
thalamus. Type I mRNA expression is generally more pronounced in rostral
structures with particularly high transcript levels being observed in motor
neurones of the spinal cord, the spinal trigeminal nucleus, pontine nucleus,
deep cerebellar nuclei, thalamic nuclei and layer lll-IV of the somatosensory
cortex. The anatomical substrates associated with type I mRNA may implicate
the specific involvement of type I sodium channels with sensory spinal
neurotransmission and also corticothalamic processing.

SODIUM CHANNELS II
715.1

715.2

MODELLING IMPLICATES A SPECIFIC SODIUM CHANNEL TRANSITION
DEFECT IN EQUINE PERIODIC PARALYSIS. WJB Hanna13*. RG Tsushima2-3
& PH Backx23. biophysics Group, Dept Physics, Univ Guelph, Guelph, ONT,
NIG 2W1, Canada; ^Cardiology, Dept Med., Univ Toronto School of Med. &

CYSTEINE MAPPING IN THE SELECTIVITY REGION OF THE SODIUM
CHANNEL. S.-F, Chen*1, H.A. Hartmann1 and G.E. Kirsch14. Depts. of
Molecular Physiology and Biophysicsi and Anesthesiology2, Baylor College of
Medicine, Houston, Tx 77030.

3CCRW, The Toronto Hospital, 101 College St, Toronto, ONT, M5G 2C4, Canada.

Equine hyperkalemic periodic paralysis (HPP) is associated with a skeletal
muscle sodium channel a-subunit mutation corresponding to Phel412Leu in the
rat pi sodium channel (Rudolph et al., Nature Genetics 2:144, 1992).
Current from pi channels containing this mutation differ from the wild-type in
several ways: (1) whole-cell peak currents decay several-fold more slowly and decay
incompletely, producing a pedestal of sodium current, (2) whole-cell peak currents
recover from inactivation approx, one order of magnitude more rapidly, (3) the
steady-state inactivation curve is shifted to the right with no change in slope, (4)
single channels produce brief re-openings during maintained depolarizations, (5)
mean single-channel open-time is increased by approx. 40-60%. Activation
parameters are not affected.
The phenotypic differences between control and HPP sodium channels are
predicted by moderate changes in rate constants (in the sodium channel gating
model developed by Kuo and Bean [Neuron 12:819, 1994]) involving transitions
between the open ("O") and open-inactivated (T) states. Reductions of 0ON
combined with increases of d off , each of one order of magnitude or less, in the
Kuo/Bean model reproduce precisely the whole-cell inactivation gating
abnormalities observed with the equine HPP mutation. Monte-Carlo simulations
also predict the single-channel experimental results. Alterations of rate constants
representing other molecular transitions in this model do not predict the complete
HPP phenotype. These results suggest that the cytoplasmic end of S3-DIV is
critical for normal binding of the inactivation gate with its receptor.
Supported by MRC Canada (WJBH) and MDA Canada (PHB and RGT).
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The pharmacology of brain and skeletal muscle sodium channels (NaChs) is
different from that of the cardiac isoform, but the ionic selectivity is the same in these
different types of NaChs. A conserved lysine residue in the SS2 segment of domain HI
is critical for selectivity in NaChs (Heinemann et. al., 1992; Nature 356:441-443). A
single point mutation from cysteine to tyrosine in the SS2 of the domain I of cardiac
NaCh switches the pharmacology to the type of brain/skeletal muscle NaChs (Satin et.

al., 1992; Science 256:1202-1205). A combined approach by systematic cysteine
substitution and application of cysteine-modifying compounds was carried out in the
SS2 of domains m and IV of the switched NaCh to map the residues which may line
the narrowest part of the pore.
The negatively charged (2-sulfonatoethyl)methanethiosulfonate (MTSES) increased
the conductance of D1713C and decreased the conductance of W1712C, M1421C, and
W1420C. These results indicate that the SS2 of domain ID and IV are not
symmetrically aligned. D1713 is at external vestibule while the other three are already
inside the narrow region. MTSES cannot modify K1418C and A1710C. This suggests
that these two residues are deep inside the pore where anions cannot reach. The
positively charged (2-aminoethyl)methanethiosulfonate (MTSEA) can still modify
K1418C and A1710C with very slow kinetics. This indicates that the large molecule
cannot freely rotates in the vicinity of these two residues. Selectivity amongst alkali
metal ions was drastically reduced in the K1418C mutant such that Pk / Pn , became
1.2, versus 0.1 in control. The sequence of selectivity for all the other mutants
remained as the Eisenman sequence X or XI. These results suggest that the side group
of K1418 contributes to much of the spatial restriction at NaCh selectivity filter.
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TTX DIFFERENTIALLY MODULATES FAST INACTIVATION
GATES IN ADRENAL CHROMAFFIN CELL NA+ CHANNELS.
R. Horrigan & R. J. Bookman* Dept. of Mol. & Cell. Pharmacology,
University of Miami, Miami, FL, 33101
Na+ current inactivation in chromaffin cells can be described by a
kinetic model that includes two parallel fast inactivation states (Irfast &
Irsiow) that differ primarily in their time course of recovery from
inactivation (tfast~ 8 ms, tsiow * 140 ms @ -80 mV). Irsiow and Irfast
interact in a strictly competitive manner such that transitions between
inactivated states do not occur unless channels first recover from
inactivation. Repetitive depolarizations (5 ms @+20 mV) at 5 ms
intervals increase the fraction of channels in Irsiow since many channels
recover from Irfast during a 5 ms interval while few recover from IrsiowMeasurements of cell membrane capacitance (Cm) can be used to
monitor the number of channels in Irsiow (Horrigan & Bookman 1994
Neuron, 13). A 5ms depolarization (+20mV) produces a transient
increase in Cm (ACt) as Na channels inactivate and then recover from
inactivation. The decay of ACt matches the time course of recovery from
Irsiow- Repetitive depolarization produces an increase in ACt amplitude
consistent with the observed increase in Irsiow- TTX (1ji M) abolishes
iNa and slows the decay of ACt by a factor of 8 but does not alter the ACt
amplitude after a 5 ms pulse. Thus TTX binding appears to retard
recovery from Irsiow significantly without altering the number of
channels that enter Irsiow during a 5ms depolarization. In contrast,
recovery from Irfast is not modulated by TTX since the repetitive pulsing
paradigm still produces an increase in ACt amplitude. Thus TTX and
related toxins may provide important tools for distinguishing the
molecular mechanisms underlying these two forms of fast inactivation.

ON THE ACTIVATION-INACTIVATION COUPLING IN
SODIUM CHANNELS. C. Y. Lee*. Department of Physiology,
National Yang-Ming University, Taipei, Taiwan, R.O.C. 11221
The fast sodium inactivation is known to couple with the
charge movement leading to channel opening. However, the IFM
cluster responsible for inactivation [1] contains no charged residues
to interact with the gating charges. How could the gating charge
movement cause the IFM cluster to plug the pore? We propose that
D1487, located next to IFM, could be mediating the activationinactivation coupling. In the resting state D1487 may make
hodrogen bonding with the residues in a particular domain (called
the inactivation-coupled domain). This hydrogen bonding prevents
the IFM cluster from moving to plug the pore through hydrophobic
forces. During channel activation, a tyrosine or tryptophan may
become negatively charged, breaking the hydrogen bonding. The
IFM cluster could then move to plug the pore. This model can also
explain why batrachotoxin activates the sodium channel without
causing the fast inactivation by assuming one of its oxygen triad
binds near Y1497-Y1498 [2].

715.5

715.6

COMPARISON OF SLOW INACTIVATION IN WILD TYPE AND HYPPT698M RAT SKELETAL MUSCLE Na+ CHANNELS. T.R. Cummins*. W5,

CHARACTERIZATION OF SODIUM-DEPENDENT PLATEAU
POTENTIALS IN LEECH RETZIUS CELLS ISOLATED IN CELL
CULTURE. J.D. Anestadt* and J.J. Chop. Department of Biology,
Siena College, Loudonville, NY 12211.
Retzius cells, identified by their characteristic size and location, were
removed from isolated ganglia of Hirudo medicinalis. Cells were plated
in separate 35 mm petri dishes pretreated with concanavalin A or poly-Llysine and containing L-15 medium with gentamicin. Most experiments
were performed on neurons maintained in culture for 7-11 days. The
isolated neuron was supervised with a variety of saline solutions and
microelectrodes usually contained tetraethylammonium (TEA) to suppress
K+ currents. Isolated Retzius cells had resting membrane potentials
(RMP) of -50 to -60 mV and were quiescent or fired impulses at a low
rate. Prolonged plateau potentials (PP) were evoked by brief (1 s)
depolarizing current pulses. The plateau depolarization stabilized near 0
mV and persisted for several minutes in some cells. The membrane
potential repolarized to the normal RMP spontaneously or in response to a
brief hyperpolarizing current pulse. PPs were associated with a
conductance increase, persisted in salines containing 200 pM Cd2+ or
where Ca2+ was replaced with Ca2+ channel blockers such as Co2+, Ni2+,
or Mn2+. In contrast, PP were rapidly and reversibly eliminated when
Na+ was replaced with an equimolar concentration of N-methyl-Dglucamine. In some cells, repetitive bursting activity occurred
spontaneously or in response to injected current. These membrane
potential oscillations were similar in many respects to those evoked in
intact ganglia by salines containing calcium channel blockers.

Agnew* and FT. Sigworth. Interdept. Neurosci. Prog, and Dept. of Physiol.,
Yale Univ. Sch. of Med., New Haven, CT 06510 and +Depts. of Physioi. and
Neurosci., Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205.
It has been hypothesized that siow inactivation must be compromised by
mutations causing hyperkaiemic periodic paraiysis (HYPP) to account for
the duration of the paraiysis observed in patients with HYPP (R. Ruff,
Biophys. J., 66:542-545,1994). We are studying a mutation (T698M) in the rat
skeietai muscie sodium channei that corresponds to one of the human HYPP

mutations (T704M) and have compared siow inactivation of wiid type and
T698M channeis stabiy expressed in HEK293 ceiis.
Wiid type channeis exhibit siow inactivation in HEK293 ceiis. Siow
inactivation deveiops with a simiiar time course to that observed for sodium
currents in rat skeietai muscie. As has been observed with other
preparations, siow inactivation in HEK293 ceiis remains intact when fast
inactivation is removed by chemicai modification and coincides with a
negative shift in the voitage dependence of gating currents. However, whiie
in native rat muscie tissue siow inactivation occurs at more negative voitages
than fast inactivation, in HEK293 ceiis the opposite is true.
T698M channeis aiso exhibit siow inactivation in HEK293 ceiis. At
negative potentiais siow inactivation and recovery form siow inactivation
occur with a simiiar time course to that of wiid type channeis. At

depoiarized potentiais, siow inactivation deveiops more siowiy and is much
iess compiete for HYPP-T698M than for wiid type channeis. This indicates
that siow inactivation is indeed defective in HYPP mutant sodium channeis
and may contribute to the maintenance of paraiysis in patients with HYPP.

[1] Patton, DE, West JW, Catteraii WA, et ai. 1992. PNAS. 89:10905-10914.
[2] Lee, C.Y. 1995. Physical mechanisms ofsynaptic transmission. Ho-Chi.

715.7

715.8

CHARGE SENSITIVE LIGHT INDUCED SODIUM CHANNEL IN
HERMISSENDA PHOTORECEPTOR M. Sakakibara*, T. Yoshioka. H. Inoue
Lab. Neurobioi. Engr., Tokai Univ., Sch. of Hightech., Numazu 410-03, JAPAN,
Lab. Moiiec. Neurobioi., Waseda Univ., Sch. of Human Sci., Tokorozawa 359,
JAPAN
Our previous study expiained the two contradictory evidences on the mechanisms of
invertebrate phototransduction; the process of PIP2 hydroiytic breakdown into IP3 and

A NOVEL OUABAIN-SENSITIVE SODIUM ACTIVATED CATIONIC
CURRENT OF FROG TECTAL NEURONES IN VITRO. A. Zaykin*,
A.Nistri. Biophys. Lab, Int Sch Adv Studies (S.I.S.S.A.), 34013, Trieste,
lltaiy.
Voltage clamp techniques based on whole cell patch recording were used to
study transient voltage-activated currents of frog tectal neuorones in a slice
preparation at room temperature. The external solution contaned
oxygenated and buffered saline solution (100 mM NaCI). The pipette
solution usually contaned Cs sulfate (sometimes replaced by K gluconate)
plus ATP, EGTA and 5-10 mM Na . In forty neurones held at -50 mV
depolarizing voltage steps evoked a fast inward sodium current with
threshold at about -40 mV and peak after 1 ms. Under these conditions
sodium currents were always followed by a large transient outward current
carried out in approximately equal degree by Cs or K ions with peak at
about 3-5 ms. The same type of fast inward sodium current was also
activated by command potentials more negative than -90 mV but in this case
it was not followed by any outward component corresponding to the Cs
current observed at depolarized potentials. Externally applied TTX (1 pM ),
ouabain (50 pM) or Cs (10 mM) simuHaneusly blocked inward and outward
current components induced by depolarizing command steps and also
blocked the isolated sodium current evoked by voltage steps more negative
than -90 mV. The present data suggest that frog tectal neurones possess a
novel type of sodium activated transient cationic current probably
characterized by a rapid change in the selectivity of the same channel from
sodium to potassiumZcesium following the initial entry of sodium into the
channel itself. This current possesses some simillarity to the
sodium/potassium pump current of peripheral cells but it seems to present
the unusual properties of rapid kinetics and voltage-dependent activation.

diacyIgryceroI(DG) is necessary for the generation of photoresponse whereas the
product, IP3, is not requisite. We hypothesized that the iocai charge movement caused
by PIP2 hydroiysis near the inner surface of rhabdomeric membrane controis the gating

of non-voitage dependent, iight sensitive sodium channei. The hydroiytic charge
iiberation was confirmed on the suppression of photoresponse not oniy by the injection
of charge cheiators such as neomycin, spermine but stoppage of PI turnover by IB MX,
LiCi and R59022. We postuiated that the iight sensitive sodium channei is activated in
the charge sensitive manner. The indirect increase of pH inside the type B
photoreceptor by perfusing NH4CI containing ASW augmented the initiai component

of photoresponse by 20 % increase in ampiitude. On the other hand pH decrease by
injection of acetate buffer(pH 4.6) maximaiiy suppressed the photoresponse by 70%
then returned to the originai one within 20 min. The size of photoresponse was found
to be proportionai to the dissociation of phosphorus which was obtained by 31P-NMR
experiment. Here we assume that phosphoiipase C, hydroiysing PIP2, may be activated
rapidiy by membrane depoiarization as observed in rat brain synaptosome. Since the
voitage-dependent sodium channei in the squid axon has been known to be inactivated
to the internai pH change, acidic/basic, it is iikeiy that the B photoreceptor is activated
by iight in the membrane charge dependent fashion.
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DIFFERENTIAL PROPERTIES OF VOLTAGE-DEPENDENT NA+
CHANNELS FOLLOWING AXOTOMY IN CUTANEOUS AFFERENT DRG
NEURONS OF ADULT RAT. M.A. Rizzo. S.G. Waxman*. J.D. Kocsis. Dept.
of Neurology, Yale School of Medicine, New Haven, CT 06510 and Neuroscience
Research Center, VAMC, West Haven, CT 06516.
Studies of the behavior of Na+ currents particular to cutaneous afferent dorsal root
ganglion (DRG) neurons following chronic axonal injury should increase our
understanding of hyperexcitability of these neurons following chronic axonal injury.
Cutaneous afferent DRG neurons in short-term cultures were identified by retrograde
fluorescence labelling of the sciatic nerve with Fluoro-gold. Using the whole-cell
and bleb-patch-clamp recording techniques, Na* currents were recorded from these
neurons pre (controls)- and 18 days post-axotomy and tested for sensitivity to 1 pM
TTX and 100-400 jiM lidocaine. Na+ currents in neurons post-axotomy, in contrast
to controls, tended to be blocked by TTX, and by relatively higher concentrations
of lidocaine. Kinetically slow, TTX-resistant Na* currents predominated in control
neurons. Predominantly kinetically fast, TTX-sensitive Na* currents emerge postaxotomy. Steady-state activation and inactivation curves constructed from Na*
current recordings of somatic membrane blebs (fragments of membrane 3-8 pm
diameter corresponding to 0.3-2 pF) excised from cutaneous afferent DRG neurons
pre- and post-axotomy revealed that conductances post-axotomy had a decreased
slope factor, broader window currents, and splay of steady-state inactivation in
comparison either to slow Na* conductances in control neurons, or to kinetically
equivalent (fast) counterparts in non-axotomized, non-cutaneous afferent DRG
neurons. The results are consistent with the hypothesis that, following axotomy,
new subpopulations of Na* channels occur on cutaneous afferent DRG neurons.
This may confer altered neuronal excitability, contribute to ectopic impulse
generation, and underly pain and paresthesias following chronic axonal injury.

SODIUM CHANNELS IN B104 CELL LINE: ELECTROPHYSIOLOGICAL
PROPERTIES AND mRNA PROFILE. X. O. Gu*. S. D. Dib-Haii. J. A. Black and
S. G. Waxman. Department of Neurology, Yale University School of Medicine,
New Haven, CT. and Neuroscience & Regeneration Research Center, VA Medical
Center, West Haven, CT. 06516.
B104 is an established neuroblastoma cell line which was reported to exhibit
electrical excitability, but previous studies have not elucidated the Na current
characteristics of these cells. We used whole-cell patch clamp, reverse
transcription-PCR (RT-PCR) and in situ hybridization to examine the properties of
Na current and the mRNA profile of the Na channel a and p 1 subunits.
Whole-cell patch clamp studies of B104 cells maintained in DMEM media
supplemented with 20% fetal calf serum showed Na currents in about 30% of
pyramid-like or spherical cells but not in bipolar cells. Na current ranged up to 4.0
nA in amplitude. Voltage steps more positive than -60mV activated transient
inward currents, and currents were largest at potentials close to -30mV. Ten nM
TTX reduced sodium current amplitude by 20-60%.
RT-PCR followed by restriction enzyme analysis of the amplified products
confirmed our published results that B104 cells express alii subunit mRNA; al
and all mRNAs were not detected. We now show that pi subunit mRNA is also
expressed in the B104 cells. In situ hybridization using antisense riboprobes
specific for the various Na channel a and the pi subunits demonstrated moderateto-high levels of alii and pi mRNA expression in some B104 cells. The
expression of Na channel alii and the p 1 subunits appears to provide the
molecular basis for the TTX-sensitive, voltage-dependent Na current that is present
in B104 cells.
This work is supported in part by the Medical Research Service, VA and NMSS.

715.11

715.12

MUSCARINIC MODULATION OF SODIUM CURRENT BY
ACTIVATION OF PKC IN RAT HIPPOCAMPAL NEURONS. AJL
Cantrell*f T. Scheuer, and W.A. Catterall. Department of
Pharmacology, University of Washington, Seattle, WA 98195.
Voltage -gated sodium channels play an important role in
neuronal excitability in the hippocampus but are infrequently
recognized as targets for neuromodulation. Phosphorylation of brain
sodium channels by protein kinase C (PKO decreases peak current and
slows macroscopic inactivation. Hippocampal muscarinic receptors
activate PKC Therefore, we have tested whether sodium channels
can be modulated by muscarinic receptor activation in acutelyisolated adult (3-5 wks postnatal) hippocampal neurons using wholecell voltage clamp recording.
Application of the muscarinic agonist, carbachol (20pM),
reduced peak sodium current an average of 29.8 ± 2.5% in 28 /33 cells
tested and slowed macroscopic inactivation at all potentials. No
change in the voltage dependence of activation or inactivation was
observed. These effects were mediated via PKC as they were
eliminated when a specific PKC inhibitor peptide (PKC19-31) was
included in the pipette solution and mimicked by the extracellular
application of the PKC activator, OAG.
These results demonstrate that muscarinic activation of
endogenous receptors on hippocampal neurons strongly modulates
sodium channel activity by activation of PKC. Such modulation is
expected to have potent effects on overall neuronal activity.

FRACTAL KINETICS OF IONIC CURRENTS IN BIOLOGICAL MEMBRANES. K.-D. Kniflki* and C. BRAUN. Physiologisches Institut, Universitat
Wurzburg, Rontgenring 9, D-97070 Wurzburg.
Fractal geometry has provided a mathematical formalism for describing complex spatial and dynamical structures in nature (B.B. Mandelbrot, The Fractal
Geometry of Nature, 1983). It seems natural to apply a fractal analysis to protein
kinetics involved in the gating mechanism of ionic channels in excitable membranes. In the classical papers of Hodgkin and Huxley the rate constants k are
treated as textbook descriptions of macroscopic kinetics, i.e. as time-independent
entities. Recently, T.G. Dewey, Proc. Natl. Acad. Sci. 91: 12101-12104, 1994,
described the exchange of protons in tritiated lysozyme in a restricted (fractal)
geometry including concentration fluctuations by using k(t) = k't~x. Here k1 is
a time-independent constant and the scaling exponent A is restricted to values
between 0 and 1. By using this particular approach for the Hodgkin and Huxley
gating "particles” f = m,h,n,... between their ’closed’ and ’open’ states, i.e.
ka(t) = kQt~Xa,kp(t) = kpt~xf, and assuming just for simplicity \a = Xp = Ap,
the resulting differential equation with time-dependent coefficients is
^ = -(k,a + k,p)t~x^ + k,atx-.
The general solution for rectangular voltage-clamp pulses is given by
p(<) = Poo + (po - Poo )exp(^-(t/r,i)1-x>‘)

with Tft = () 1_*’‘ for all 0 < Ap < 1 and the classical Hodgkin-Huxley type
solution is revealed by the limit AM -+ 0. This fractal model provides an excellent
fit for the decaying (inactivating) part of the Na-current in node of Ranvier of
myelinated axons, without assuming more than one closed state for the k-system.

SODIUM CHANNELS III
716.1

716.2

MODULATION OF Na CURRENT DENSITY IN CLONAL
PITUITARY CELLS BY CHRONIC TREATMENT WITH
DIHYDROPYRIDINES. E. Monjaraz, U. Meza, A, Navarrete,
and G. Cota*. Dept. of Physiology, Biophysics . and Neurosciences,
Cinvestav, Mexico, DF 07000.
Several previous observations from our laboratory in anterior
pituitary cells raise the possibility that high threshold Ca channels
may contribute to regulate the expression and/or function of Na
channels. To test this possibility, pituitary GH3 cells were grown
4-5 days either under standard conditions or in the presence of 0.5
pM nimodipine or 0.5 pM BAY K 8644. After a recovery period
of 60-90 min in the absence of dihydropyridines, whole-cell
sodium currents were recorded by using the patch clamp
technique. Sodium current density decreased to 50% of its control
value in nimodipine-treated cells, and increased by a factor of 2.5
in cells exposed to BAY K 8644. Chronic treatment with these
drugs did not modify the time course of the sodium current nor the
voltage dependence of Na channel activation or inactivation.
Furthermore, the stimulatory effect of BAK K 8644 on sodium
current density was blocked by simultaneous incubation with
cycloheximide or actinomycin D. The results indicate that calcium
influx through L-type Ca channels has a positive influence on the
long-term activity of Na channels.

ROLE OF PROTEIN KINASE C ISOFORMS IN THE REGULATION
OF THE VOLTAGE-DEPENDENT SODIUM CHANNELS IN
ADRENAL CHROMAFFIN CELLS. T. Yanagita. H. Kobavashi. R.
Yamamoto. T. Yuhi. M. Urabe. H. Yokoo and A. Wada*. Miyazaki
Medical College, Miyazaki 889-16, Japan.
We examined whether protein kinase C (PKC) is involved in the
regulation of Na channels in cultured bovine adrenal chromaffin cells.
The chromaffin cells contained PKC a, e and £ isoforms, but not p, y
and 6 isoforms. The immunoreactive PKC a and e but not £ were
translocated from cytosol to membrane by a 15 h treatment of the
cells with 12-O-tetradecanoylphorbol- 13-acetate (TPA; 100 nM)
and phorbol 12, 13-dibutyrate (PDBu; 100 nM), activators of PKC.
The treatment decreased the Bmax of [3H]saxitoxin binding to the
cells without altering the Kd value, and also reduced the veratridineinduced 22Na influx, while 4 a-TPA, an inactive analogue, had no
effect. The effect of TPA was abolished by H-7, an inhibitor of PKC.
Even a 2 h pulse-treatment with PDBu followed by a 13 h incubation
without PDBu caused the comparable decrease in [3H]saxitoxin binding
with the continuous 15 h treatment.
These results suggest that functional Na channels are downregulated by a delayed-effect of short-term activation of PKC a and/or
e isoforms.
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MODULATION BY INTRACELLULAR FATTY ACIDS OF HUMAN MUSCLE
SODIUM CHANNELS EXPRESSED IN HEK293 CELLS IS DEPENDENT ON a
SUBUNIT ISOFORM AND PATH OF DELIVERY. S. J. Wieland*!. O-h. GongL
Neurobiology, 2. Dept of Anesthesiology, Med. Coll. of Penn. & Hahnemann Univ.;
3. Dept, of Biochem. & Biophysics, Univ. of Penn. School of Medicine
Free fatty acids (FFA) participate in signalling pathways, including the arachidonic
acid (AA) cascades and activation of protein kinase C. These lipids are implicated in
the direct and indirect modulation of a spectrum of voltage-gated ion channels. Skeletal
muscle Na channels can be either activated or inhibited by FFA exposure; the response
is dependent on both FA structure and site of exposure. Cytoplasmic delivery of 5 pM
AA augmented the voltage-activated Na current of recombinant SkM 1 skeletal muscle
Na channels expressed in HEK293 cells by 190% (±54 SE, n=7) over a 20 min period.
Similar results were seen with 5 pM oleic acid (OA). Na currents in cells expressing
H1 cardiac muscle Na channels were insensitive to AA treatment (Figure 1), and
exposure to OA inhibited the H1 currents over a 20 min period by 29% (+13 SE n=5).
Increase in SkMl current was not accompanied by shifts in voltage dependence of
activation, steady-state inactivation or markedly altered kinetics of inactivation of the
macroscopic current. Fatty-acid induced increase in Na currents was not dependent on
protein kinase activity. In contrast, both isoforms were reversibly inhibited by external
Cytoplasmic fatty acid application of unsaturated FFA. Thus the
*
differential effects of FFA on skeletal muscle Na
channels first noted in cultured muscle cells can be
reproduced by expressing recombinant Na channels
in epithelial cells. We conclude that 1. SkMl has
2 sites of response to FFA, one which produces
augmentation of macroscopic currents with
rs-m intracellular FFA, and a second which produces
inhibition with extracellular FFA; 2. Hi has only
_!____ lonesite, whichprodueesinhibiiion with
SKM1
H1
extracellular FFA. Supported by the MDA.

MECHANISMOF MODULATION OF THE ADULT SKELETAL MUSCLE SODIUM CHANNEL
BY FATTY ACIDS. S. BeodaCCod. T.R Cummins!. F.l. Sigwonht and W.SAgnew*. Depts. cf
Physiology and Neuroscience, Johns Hopkins University School of Medicine, Baltimore, MD,
21205 and ^Interdepartmental Neuroscience Program, Yal University School of Medicine,
New Haven, CT, 06510.
Unssturned fatty acids, such as arachidonic acid, have been shown to affect the functional
properties of Na channels from neuroblastoma cells (J. Physiol. Lond. 419:95-115), 1989), squid
giant axons (J. Membrane Biol. 95:113-120,1987), cultured human skeletal muscle cells (Am. J.
Physiol. 263.C308-C311,1992) aod striatal neurons (Neuron 11:633-644,1993).
We have investigated the effect of arachidonic (AA) and oleic (OA) acids oo the adult rat
skeletal muscle Na channel (jj V) stably expressed in HEK293 cells using both whole-cell and
cell-attached configurations. External applications of 1-10 /l M AA or OA produced 1) a
decrease in peak current 2) a hyperpolarizing shift in the inactivation curve and 3) a
substantial enhancement of the rate of the fast inactivation without alteration of slow
inactivation. These effects were not prevented by inhibitors of protein kinase C,
cyclooxygenase or llpoxygenase. Palmitic acid, a saturated fatty acid, had no effect on fil
sodium currents.
In order to investigate the mechanism by which cis-unsaturated fatty acids affect the
sodium channel, mutant channels with defective inactivation (F1304Q) were tested. The
peak current was still inhibited and the hyperpolarizing shift was observed in the presence of
AA. AA also decreased the current in cells where fast inactivation was removed with 100 pM
chloramine-T. Preliminary results indicate that the gating current is also decreased by AA.
These data together suggest that the cis-unsaturated fatty acids may block the sodium
channels directly from the extracellular side and/or through perturbations of the lipid
environment. The mechanism underlying the effect of cis-unsaturated fatty acids may not
involve the inactivation particle, at least not in the decrease of the peak amplitude. Because
we have observed a decrease in both peak ionic and gating currents, we postulate that
unsaturated fatty acids regulate electrical activity in the membrane by inducing the
internalization of Na channels.

716.5

716.6

MODULATION OF SODIUM CHANNELS BY INSECTSELECTIVE SCORPION AND SPIDER TOXINS.
T. M. Norris. D. Lee and M. E. Adams*. Depts. of Entomology and
Neuroscience, University of California, Riverside, CA 92521.
A subset of arthropod Na+ channel toxins are known to be selective
for insect neurons. Two insect-selective toxins which show different
types of Na+ channel modulation are LqhalT and p-Aga-IV. Both
toxins cause repetitive activity in insect motoneurons. LqhalT increases
both the amplitude and duration of evoked synaptic currents at the
neuromuscular junction. In contrast, p-Aga-IV produces a dramatic
increase in spontaneous transmitter release.
.
Whole cell patch clamp recordings were performed to examine the
effects of these toxins directly on sodium currents in insect neurons
(Heliothis virescens). LqhalT (200 nM) slows the rate of Na+ channel
inactivation and more than doubles peak current, effects which are
consistent with an a-scorpion toxin-like action. Mammalian neurons
(rat DRG) were markedly less sensitive to this toxin. p-Aga-IV
dramatically shifts the voltage dependence of Na+ channel activation in
insect neurons to more negative potentials and slows the rate of channel
inactivation. These effects resemble in some respects the action of
mammalian p-scorpion toxins. p-Aga-IV showed no toxicity upon
intracranial injection into mice and had no significant effect on rat DRG
neuronal sodium currents. These data demonstrate that LqhalT and pAga-IV selectively modulate insect sodium channels in ways that explain
their paralytic neuromuscular actions, and that the modulatory actions of
these toxins resemble those of the mammalian a- and p-scorpion toxins,
respectively.

AMINE-MODIFIED DERIVATIVES OF PD85639 AS SODIUM
CHANNEL BLOCKERS. Sheryl J. Hays*, loannis Roufos and Rov
D. ScCwarz. Pprke-Daais PPhrmacceticd ReesercC, Division of
Warner-Lambert Co., Ann Arbor, Ml. 48105.
Voltage-dependent sodium channels have been proposed as
the site of action for anticonvulsant, antiarrhythmic, and local
anesthetic agents. A structure-activity relationship study of a
series of novel Na+ channel blockers, structurally related to N[3-(2,6-dimethyl-1 -piperidyl)propyl]-a-benzene acetamide
(PD85639), will be presented. The diphenylacetic acid portion
of PD85639 was unchanged throughout the study, while
structural features in the amine and amide portions of the
molecule were altered. The compounds were tested for
inhibition of veratridine-stimulated Na+ influx in CHO cells
expressing the alpha subunit of type IIA Na+ channels. Our
studies show that a three carbon spacer between the amine
and the amide groups was optimal and a secondary amide
linkage is preferred. Additionally, the presence of an aromatic
ring in the vicinity of the amine group greatly enhanced the
inhibitory activity of these derivatives.

716.7

716.8

EXTRACELLULAR APPLICATION OF QX-314 BLOCKS SODIUM CHANNELS
AND CAUSES LOCAL ANESTHESIA. K.R. Bley*. M. Khabbaz, D.D, Blissard, C.
Lee and J.C. Hunter, Depart. Analgesia, Roche Bioscieoces, Palo Alto, CA 94305.
QX-314, the quaternary derivative of lidocaine, is widely regarded to block Na+
channels only following intracellular application, as its permanent positive charge is
thought to restrict lipid bilayer permeation. Consequently, QX-314 and other
permanently charged Na+ channel blockers are not believed to be local anesthetics
(see Hille, 1992, p. 405). In order to lest these assumptions, we have examined the
ability of QX-314 to block action potential propagation and cause local anesthesia.
Reduction of nerve impulse conduction is proportional to the degree of Na+ channel
blockade. Accordingly, extracellular recordings were made of C-fiber compound
action potentials in rat vagus nerves in vitro. Cumulative concentration-inhibition
curves to supervised lidocaine or QX-314 were constructed using 10 min exposures
to 1, 10, 100 and 1000 pM compound. Tonic block was measured with a slow rate
of nerve stimulation (0.03 Hz), and phasic block with a 30 Hz burst of nerve
stimulation at the end of each 10 min period. High frequency nerve stimulation
shifted the ICM for lidocaine only marginally, from 220 pM (tonic) to 210 pM
(phasic). Io contrast, the QX-314 ICws were >1000 pM (tonic) and 380 pM (phasic).
Frequency-inhibition curves (0.1-30 Hz) were measured in the presence of -IC,^ for
tonic block. Lidocaine, a kinetically fast Na+ channel blocker (Trec ~ 0.2 s in the heart),
produced appreciable phasic block only at 30 Hz, whereas Qx -314 (xr<t ~ 300 s)
caused significant phasic block even at 0.1 Hz. To measure local anesthesia, four
intradermal injections of varying concentrations of lidocaine or QX-314 were made
on the lower back of guinea-pigs. At 5, 10, 20 and 30 min after dosing, skin
sensitivities were tested by pricking the skin with a needle. The number of negative
responses (no skin twitch) out of five yielded ECso values (expressed in %) of 0.116
for lidocaine and 0.235 for QX-314. The onset and duration of local anesthetic
effects produced by QX-314 were slower and longer, respectively, compared to .
lidocaine. These studies suggest that QX-314 can penetrate cell membranes to block
Na+ channels. Penetration is slower than for lidocaine, but is still sufficiently fast to
cause acute effects like local anesthesia.
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CHICK EMBRYO SYMPATHETIC NEURONS; A MODEL TO STUDY SODIUM
CHANNEL NEUROTOXINS. A.L. Rivera Rentas*. J.A. Mercado. 1R. Rosa. 1A.
Rodriquez, gT.R. Tosteson, 2I. Gonzalez, 3W. Silva. 4L. Beress, G. Escalona
de Motta. Inst. Neurobioloqy, Depts. of Biology, 1Chemistry and 2Marine
Sciences. University of Puerto Rico, San Juan, P.R., 3pwcrmccoloqy Dept..
UCC, Bayamon, P.R., and 4Tnxicnlnnv Inst., Kiel University. Germany.
In this work we used primary cultures of chick embryo sympathetic
neurons as a model system to study the mechanisms underlying the actions
of known and new toxins on voltage sensitive sodium channels.
Pharmacologically isolated inward sodium currents (lNJ elicited by
depolarizing stimuli were examined using the whole-cell technique in
cultures after 48 hrs incubation. lNa was described in terms of ionic nature,
voltage dependence of activation and inactivation, and sensitivity to specific
toxins. Tetrodotoxin and p-conotoxin GIIIA blocked lNa amplitude by nearly
80% and 20%, respectively. Venom samples of the scorpion L. q. haebreus
inhibited inactivation at the pg/ml range and caused a delay in this
proccess seen tail currents blockade at fg/ml. The site 5 toxin, brevetoxin
type 1 (PbTx-1) from P. brevis shifted toward more negative potentials the
voltage dependent processes and delayed lNa reactivation. In other
experiments the actions two novel agents were examined. An alkaloid from
the sponge A. oroides, Dibromosceptrin, displaced 3H-saxitoxin in rat brain
synaptosomes, and as expected for a site 1 toxin, decreased by nearly 40%
lNa amplitude. It also shifted toward more negative potentials the voltage
dependence of inactivation. A toxic extract from the dinofiagellate O.
lenticularis, did not affect 3H-PbTx3 binding, decreased lNa amplitude by
20% and shifted by 30 mV to more negative potentials the voltage
dependence of inactivation. Different from the brevetoxins reactivation were
not altered by this dinnflcgellate extract. (Supported by GM08102 & NIH48190)

WEDNESDAY PM

SODIUM CHANNELS III

716.9

INTERACTION OF BESIPIRDINE WITH THE VOLTAGE DEPENDENT
SODIUM CHANNEL. L. Tang*. C.P. Smith. F.P. Huger and S. Konasamut
Neuroscience Product Group Unit, Hoechst Roussel Pharmaceuticals, Inc.,
P.O. Box 2500, Somerville, NJ 08876.
The alkaloid toxins veratridine and batrachotoxin bind to a site (so-called
site II) on the voltage dependent sodium channel where they cause persistent
activation of the channel and depolarize the cell. Tetrodotoxin and saxitoxin
bind to a different site on the sodium channel and can block the effects of
veratridine and batrachotoxin. Other known modulators of sodium channels
include anticopvulsants and local anesthetics which inhibit sodium currents
and displace pHlbatrachotoxin binding. Besipirdine (HP 749) is a compound
undergoing clinical trials for efficacy in treating Alzheimer's Disease. Among
other pharmacological effects, besipirdine inhibits voltage dependent sodium
and potassium channels. We present here a more detailed study on the
interaction of besipirdine with voltage dependent sodium channels. Besipirdin
displaced [3 Hlbatrachotoxin binding with an IC 50 of 5.5±0.2 pM in a rat brain
vesicular preparation and inhibited veratridine-stimulated increases in
intracellular free sodium ([Na Jj) and calcium ([Ca2 jj) in primary cultured rat
cortical neurons in a concentration dependent manner. Furthermore,
tjesipirdine dose-dependently inhibited veratridine-stimulated release of
[3H]norepinephrine (NE) from rat cortical slices. When examined in greater
detail, besipirdine was found to inhibit [3 HJbatrachotoxin binding in vesicular
membranes competitively. However, when examined in rat brain
synaptosomes, the antagonism by besipirdine was found to be noncompetitive; that is, the maximal stimulation of [Ca2+Jj induced by veratridine
decreased with increasing concentration of besipirdine. These results are
discussed in relation to possible anticonvulsant activity of besipirdine.

716.11

VOLTAGE-DEPENDENT ACTIVATION AND UDOCAINE (U) SENSITIVITY
OF BRAIN VOLTAGE-DEPENDENT SODIUM CHANNELS (VDSC)
DURING DEVELOPMENT. C. Castillo. M.E. Diaz. B.C. Salazar.
Villegas,G.M.*. E. Redo-Pinto.
Instituto international de Estudios
Avanzados (IDEA) Apgrtgdg 17606 Caracas 1015-A, Venezuela.
Anesthesiology Dept. Cornell University Medical College. New York, NY
10021.

In the brain, the number and types of VDSC change1,2 and their
TTX/STX affinity increase during dovolgpmont2. Wo are investigating
whether other properties of VDSC undergo changes during forebrain
development. Sodium channel activity from newborn (PO) and postnatal day
15 (P15) rat brains were studied in planar lipid bilayers in the presence of
BTX and in symmetrical 200 mM NaCI. The steady state activation curve
showed a hyporpggrizgtign shift during development: the midpoint potential
values were -54mV and -74mV for channels derived from PO and P15
forebrains respectively. The maximal fractional open time was lower in
channels derived from PO than P15, due to a higher proportion of short- and
long-lived channel closures in channels from PO. The level of U-nduced
open channel block did not change during development. U blocked the
open state of brain channels with about ten times higher potency than that
of muscle derived channels3. The higher LI affinity of brain channels was
mainly due to a lower k^ value, indicating that the conformation of the
channel structures defining the U binding site is not identical in brain and
muscle-derived sodium channels; while they appear to be the same in the
various brain sodium channels. 1Sheinman et aL,1989Ai|lleggs et al., 1994;
3Zamponi et al., 1993.

716.13
8-CONOTOXINS, A FAMILY OF SUBTYPE-SPECIFIC CONUS
PEPTIDES WHICH INHIBIT INACTIVATION OF VOLTAGESENSITIVE SODIUM CHANNELS. K Shon1. M.M. Grillev1. H. Terlau2.
W. Stuhmer2. W.R. Gray1, J.S. Imperial1 * and B.M. OliveraC Dept, of Biology^
Univ. of Utah, Salt Lake City, UT 84112; Max-Planck-lnstitut fur experimented
Medizin2, D-37075 Gottingen, Germany.
A vertebrate-specific 8-conotoxin, 8-Pvia (the "lock-jaw peptide") was
purified and characterized from the venom of Conus purpurascens, a fishhunting cone snail (Shon et al., 1995, Biochemistry 34, 4913). The two 8conotoxins previously characterized, 8-Txvia (the King-Kong peptide") and 8GmviA (Hillyard et al., 1989, Biochemistry 28, 358; Shon et al. Biochemistry,
1994, 33, 11420) were from mollusc-hunting cone snail venoms, and
exhibited potent activity on molluscan voltage-sensitive sodium channels.
Like the other S-conotoxins, 8-Pvia is a very hydrophobic peptide, with 29
amino acids and 3 disulfide bridges. Although the disulfide bridge framework
is conserved in all three 8-conotoxins, the non-cysteine amino acids are not
conserved in the three family members. 8-Cgngtgxin Pvia elicits excitatory
symptoms in mice and fish, but is inactive in molluscs even at doses 100-fold
higher. The peptide inhibits sodium channel inactivation in both cloned
mammalian sodium channels expressed in Xenopus oocytes, as well as in
cultured mammalian neurons. The 8-conotoxins are a promising group of
Conus peptides for discriminating between various vertebrate subtypes of
voltage-sensitive sodium channels. 8-Conotoxin Txvia is generally inactive in
vertebrate systems; 5-conotoxin GmviA causes excitatory symptoms but only
in immature mammals. In contrast, 8-conotoxin Pvia exhibits broad activity in a
wide range of vertebrate systems tested. cDNA clones for all three 8conotoxin sequences have been characterized; this makes it possible to
systematically identify additional 8-conotoxins from Conus species using
molecular biological techniques.

Society

for

Neuroscience

, Volume 21, 1995

1821

716.10
ACTIONS OF PYRETHROID INSECTICIDES ON SODIUM
CHANNELS EXPRESSED IN XENOPUS OOCYTES. Timothy J.
Smith* and David M. Soderlund. Field of Environmental Toxicology
and Dept. of Entomology, New York State Agric. Expt. Station, Cornell
Univ., Geneva, NY 14456.
Pyrethroids make up a large class of potent neurotoxic insecticides
whose principal target is the voltage-gated sodium channel. In intact
nerves, pyrethroids induce prolonged sodium currents and afterpotentials
which lead to uncontrolled repetitive firing or use-dependent nerve
block. To further explore the molecular basis of pyrethroid action on ’
sodium channels we employed the heterologous expression of sodium
channel subunits in Xenopus oocytes. The rat brain Ila sodium channel
a subunit and the rat brain J3 subunit mRNAs were synthesized in vitro
from cloned cDNAs. The a subunit mRNA was injected into oocytes
either alone or in combination with the pi subunit mRNA and the
actions of the pyrethroid deltamethrin on expressed sodium currents
were assessed by two-electrode voltage clamp. Deltamethrin prolonged
the time course of sodium channel inactivation and produced tail
currents following repolarization that were qualitatively similar to the
effects produced on sodium channels in intact nerves. The presence of
the pi subunit enhanced rapid inactivation, as anticipated, but did not
modify the effects of deltamethrin. These findings imply that the
binding domain involved in the neurotoxic action of pyrethroids is
associated with the sodium channel a subunit. Other pyrethroids also
prolonged sodium channel inactivation and produced sodium tail
currents in this assay system. The rate of tail current decay in this
system was found to be compound-dependent.

716.12
SELECTIVE BLOCK OF TETRAMETHRIN-MODIFIED SODIUM CURRENT BY
VITAMIN E. J-H. Song* and T. Narahashi. Dept. of Mol. Pharmacol. & Biol.
Chem., Northwestern Univ. Med. Sch., Chicago, IE 60611.
Pyrethroids are neurotoxic insecticides, which exert their effects by prolonging the
open time of individual neuronal sodium channels. Occupational exposure to
pyrethroids frequently leads to abnormal skin sensation or paresthesia. Vitamin E,
(±)-a-tocopherol, has been known to reduce the cutaneous paresthesia, but the
mechanism of action remains to be seen. Since the sodium, channel is the major target
site of pyrethroids, it is possible that vitamin E interacts with pyrethroids at thenreceptor site on the sodium channel. In present patch clamp study, we found the
selective block of tetramethrin (a type I pyrethroid)-modified sodium current by
vitamin E. Vitamin E 10 pM and 30 pM blocked 10 pM tetramethrin-modified
tetrodotoxin-sensitive (TTX-S) sodium currents in rat cerebellar Purkinje cells by 31
% and 77 %, respectively, and in rat dorsal root ganglion cells by 34 % and 76 %,
respectively, with no effect on the tetramethrin-unmodified current.
The
concentration-response curve for tetramethrin effects was shifted to higher
concentrations by vitamin E in a competitive manner. Repetitive discharges and
elevated depolarizing after-potential caused by tetramethrin were effectively blocked
by vitamin E. Tetramethriir-unmodified tetrodotoxin-resistant (TTX-R) sodium
current in dorsal root ganglion cell was blocked by vitamin E. Vitamin E block of
tetraLmethrin-modified TTX-S sodium current was not dependent on voltage or
depolarizing duration. Vitamin E could not reverse the tetramethrin-induced shift in
the current-voltage curve, but partially reversed the shift in the steady-state sodium
channel inactivation curve of TTX-S sodium channels. Vitamin A and its metabolic
derivative, retinoic acid, slightly reduced the tetramethrin-modified sodium current
accompanied by the block of normal sodium current. The selective block of
tetramethrin-modified sodium current by vitamin E seems to be responsible for
vitamin E alleviation of paresthesia.

716.14
NEW CONOTOXINS WHICH BLOCK NEURONAL SODIUM CHANNELS.
LM, McIntosh^3, A, Hasson4. M.E. Spira4. W.R, Gray1. W. LiU M.
Marsh2. D.R. Hillyard2. H. Terlau5. W. Stuhmer5 and B.M.
Olivera. 1 * Depts. of Biology1, Pathology2 and Psychiatry3,
Univ. of Utah, Salt Lake City, Utah, 84112; Dept, of
Neurobiology4, Inst, of Life Sciences, Hebrew Univ. of
Jerusalem, Jerusalem, 91904 Israel; Max-Planck-Institut fur
experimented Medizin5, D-37075 Gottingen, Germany.
We previously characterized co-conotoxins, p-conotoxins
and 8-conotoxins, which target voltage-sensitive calcium
channels, voltage-sensitive sodium channels and inhibit
sodium channel inactivation, respectively.
We report a new
family of peptides, the pO-conotoxins. The 31-residue peptides,
pO-conotoxins MrviA/B, were purified from the venom of C.
marmoreus.
Their structures were confirmed by mass
spectrometry, molecular cloning, and chemical synthesis.
The
peptides were isolated by electrophysiologically screening
venom fractions in cultured Aplysia neurons, where these
ligands potently and selectively block sodium conductance. pO Conotoxins are also active in vertebrate systems; unlike the pconotoxins which are specific for muscle Na channels in adult
rats, pO-conotoxins potently inhibit neuronal subtypes.
Although the pO-conotoxins block voltage-sensitive sodium
channels like the p-conotoxins, the disulfide framework of the
pO-conotoxins is that of the co - and 8-conotoxins but not of the
p-conotoxins.
Thus, together the co-, 5- and pO-conotoxins
define a superfamily of Conus peptides.

1822

SODIUM CHANNELS III

716.15

BRAIN VOLTAGE-DEPENDENT SODIUM CHANNELS SHOW TEMPORAL
CHANGES IN THEIR LIDOCAINE APPARENT BINDING AFFINITY. B.C.
Salazar. C. Castillo, M.E. Dfaz, E. Recio-Pinto*. Anesthesiology Dept,
Cornell University Medical College, New York, NY 10021. Instituto
Internacional de Estudios Avanzados (IDEA), Apartado 17606, Caracas
1015-A, Venezuela.
Local anesthetics block the open state of various voltage-dependent
sodium channels. In muscle-derived channels, lidocaine (LI) and the
permanently charged lidocaine analog QX-314 produce a constant level
of open channel block. In brain-derived channels, however, we found that
when studied under identical conditions, the level of open channel block
induced by LI and QX-314 showed periods in which it was highly
reduced. Therefore, in brain channels, the level of open channel block
shows two dominant modes, a high- and a low-affinity mode. The
amount of time the channel expends in the low-affinity mode was larger
in the presence of QX-314 than of LI. With QX-314 it was possible to
detect the presence of more than one high-affinity mode in brain sodium
channels. The various affinity modes suggest the presence of various
open channel conformations. The level of the LI/QX-314-induced open
channel block increased with depolarization. The magnitude of this
voltage dependence was the same in the various LI/QX-314 affinity
modes. This indicates that the distance between the lidocaine binding
site and the intracellular channel aspect does not change with changes
in the open channel conformation. Noise analysis showed that the various
anesthetic affinity modes display the same koff but different kQn rates,
indicating that the channel open conformational changes most likely
involve changes in the hydrophilic pathway leading to the binding site,
rather than changes at the binding site itself.

WEDNESDAY PM

716.16
INHIBITION OF VERATRIDINE-INDUCED [14CJ-GUANIDINE FLUX IN
CNAIIA-1 CELLS. S. Connaughton. T. WolcotL L.D. Margolin & J.B. Fischer*.
Cambridge Neuroscience, Inc., Cambridge, MA 02139.
Experiments were performed in a Chinese hamster ovary cell line that stably
expresses the alpha-1 subunit of the mammalian type IIA neuronal sodium channel
(CNAIIA-1). Electrophysiological studies demonstrate that CNAIIA-1 cells
generate a rapidly inactivating, inward sodium current with normal time course and
voltage dependence (Scheuer et al., 1990; Knapp et al., 1993).
The neurotoxin,veratridine, causes persistent activation of sodium channels at
resting membrane potential by blocking inactivation and this effect is enhanced by
scorpion venom. Veratridine-induced [14C]-guanidine flux in CNAIIA-1 cells in a
dose dependent manner with maximal flux occuring at 125-300 pM. Scorpion
toxin (6 pg/ml) potentiated this flux up to 14-fold. Veratridine-induced flux in the
absence and presence of scorpion toxin (6 pg/ml) was linear with time up to at least
60 min and 45 min, respectively. TTX inhibited the veratridine (90 pM)-induced
flux in the absence and presence of Scorpion toxin (6 pg/ml) with an IC 50 of 6.8 and

33.8 nM, rereectivele- SeSerelanticonvulsants, the sodidmchannelblbckcr,BW
1003C87 and a number of our putative sodium channel blockers inhibited
reratridiee induced pCl-guanidine flux as shown below:
COMPOUND
LAMOTRIGINE
BW 1003C87
RILUZOLE

IC50 1 S.E.M.(u-M)
44.4 ± 14.4, n=5
2.21 ±0.38, n=2
2.15±0.96, s =4

COMPOUND
PHENYTOIN
CNS 1237
CNS 1145

IC50 ± S.E.M.(uM)
32.610.96, s =2
1.6410.04, n=5
2.0310.33 s =7

In conclusion, this flux assay in CNAIIA-1 cells is a useful high throughput screen
for compounds with putative type IIA sodium ahnceel blocking activity.

SODIUM CHANNELS IV

717.1

717.2

STABLE COEXPRESSION OF a and p1 SODIUM CHANNEL
SUBUNITS IN CHO-K1 CELLS: EFFECT OF THE p1 SUBUNIT ON
THE DENSITY AND NEUROTOXIN BINDING PROPERTIES OF THE
EXPRESSED CHANNELS. D.W, Bonhaus*. R.C. Herman. C.M. Brown.
Z. Cao. L.-F. Chang. D.N. Lourv. P. Sze. L. Zhang and J. C. Hunter
Syntex Research, Palo Alto, CA 94034 and Edinburgh Scotland.
Mammalian brain sodium channels consist of a principal a subunit and
two smaller p subunits. The a subunit, by itself, forms a functional
channel, whereas the p 1 subunit may modify the stability and inactivation
kinetics of a subunit. To examine the effect of the p1 subunit on the
functional expression of a subunit sodium channels, a Chinese hamster
ovary (CHO) cell line stably coexpressing the rat IIA a and . human pi
subunits was generated. Cells expressing both the a and p1 subunits had
a five fold higher density of [3H]Saxitoxin binding sites and a 2 fold
greater maximum rate of veratridine-stimulated (1*C]guanidinium influx
than did cells expressing only the a subunit. Brevetoxin, a Scorpion
toxin, and the pyrethroid RU39568 increased (5-20 fold) veratridinestimulated (14C]guanidinium ion influx in both cell lines with similar EC50
values. However, these neurotoxins stimulated [3H]Batrachotoxinin
([3H]BTX) binding only in membranes of cells expressing both a and pi
subunits; brevetoxin, a scorpion toxin and RU39568 had no effect on
[3h ]BTX binding to membranes of cells expressing only the a subunit.
These findings indicate that coexpression of the pi subunit increased the
number of functional sodium channels and enabled the neurotoxins to
evoke conformational changes in the a subunit associated with an
increase in [3h ]BTX binding. These findings are consistent with a role for
the pi subunit in maintaining the a subunit in the membrane in a
functional, neurotoxin-sensitive, conformation.

PRIMARY STRUCTURE AND FUNCTIONAL EXPRESSION OF THE p2
SUBUNIT OFTHE RAR BRAIN NA+ CHANNEL. L.L, Isom *1 D.S. Ragsdale2.

717.3

717.4

Functional effects of neuronal Na+ channel pi-subunit
heterologously co-expressed with |±1 Na+ channel in
Xenopus oocytes J.F, Potts* & W.S. Agnew Dept, of Physiology,
Johns Hopkins School of Medicine, Baltimore, MD 21205.
The mammalian adult skeletal muscle voltage-sensitive Na+ channel
underlies the action potentials observed in the sarcolemma. Functional
|il channels can be heterologously expressed in Xenopus oocytes using
RNA encoding the a-subunit alone but display anomalously slow
inactivation kinetics (gating mode 2) unless co-expressed with neuronal
Pi-subunit RNA, suggesting a modulatory role for that auxiliary subunit
(which is closely related or identical to the skeletal muscle Na+ channel
P-subunit). To test whether the pi-subunit might also enhance the
surface expression of functional |il channels, peak In was observed
over time in Xenopus oocytes heterologously expressing |±1 alone or
with the Pi-subunit. Maximal peak expression of Na+ current occurred
at least two times faster in the presence of the Pi-subunit than when fil
was expressed alone. To test whether the ppinduced stabilization of
mode 1 gating conformation requires co-translation of the two subunits
in Xenopus oocytes, RNA injections were delayed by 24 or 48 hours.
Regardless of subunit RNA injection order or the length of delay
between injections (<48 hours) all cells receiving p-subunit RNA
exhibited significantly greater Ifast/Isiow ratios than cells injected only
with RNA encoding jLl a-subunit. “post-injected” Pj induced a
significant decrease in slow-inactivating (mode 2) whole cell Iwa with no
net change in channel density (as estimated from weighted whole cell
peak In J it seems likely that the observed shift in gating mode
prevalence represents a conversion of channels already in the plasma
membrane from mode 2 to mode 1 conformation.

Society

Univ. of MI, Acs Arbor, MI 48109, 2Dept. of Pharmacology, Univ. of WA, Seattle,
WA 98195, 3CTI Seattle, WA 98119, 4 Dept. of Pharmacology, Univ. of Berne,
Switzerland.
Vkltnge-neenitive Na+ ahneselt are the membrane proteins responsible for the
rising phase of the natiks potential observed in excitable atlln. Na+ ahnsseln isolated
from rat brain are a hettrotrimeria complex composed of an a subunit and two
auxiliary P subunits, pi and P2. pi has been shown to be sks-aovnlestly associated
with a while p2 is covalently linked to a by disulfide bonds. The pi subunit has
been cloned, sequenced and expressed and shown to play a modulatory role in sodium
chadel kinetics and expression levels. We now describe the primary structure of the
rat brain Na+ chadel P2 subunit. The deduced primary structure of P2 shows that it
is a 20,902^^ protein that akstniss a cleaved signal peptide, a single putative
transmembrane domain, and 4 potential N-lisred glycksylntios sites, pi and P2
subunits share topological similarities, yet are not homologous at the nucleotide or
amino acid levels. Comparison of the P2 peptide sequence with other known
sequences in the peptide databases shows that p2 aostnins a domain that is
homologous to a neuronal cell adhesion protein that has been implicated to play a role
in the formation of the developing nervous system. Northern blot analysis of mRNA
expression suggets that P2 is limited to the central nervous system. Coexpressios of
Type Ha a and p2 subunits in Xenopus oocytes results in a 32 aosaestratiosdependent increase in peak aurrest amplitude, an increase in the rate of macroscopic
isactivatios, and a small hyperpolarizing shift in the voltage-dependence of
inactivation. These functional effects of ($2 appear to be additive with (31. Thus, (32
subunits may function as important regulators of Na+ chadel expression, modulating
electrical excitability in the embryonic and adult central nervous systems.
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GENES ENCODING THE pi SUBUNIT OF VOLTAGE-DEPENDENT BRAIN
SODIUM CHANNEL IN RAT, MOUSE AND HUMAN CONTAIN AN INTRON.
Sulavman D. Dib-Haii* and Stephen G. Waxman. Department of Neurology, Yale
University School of Medicine, New Haven, CT and Neuroscience & Regeneration
Research Center, PVA/EPVA, VA Medical Center, West Haven, CT 06516.
Is an effort to understand the ructiona role of the different subunits of voltagedependent sodium channels, we recently described a transcript (P1.2) that is closely
related to the voltage-dependent brain sodium channel pi eraesnripe (pi.l). cDNAs
of the p 1.2 erasnnript were analyzed and revealed two major differences between
pi.l and pi.2. First, an 86 bp ienert in pi.2 is present in the 3’ ueerasdlnted
sequence, 6 bp downstream of the erasnlaeioe eermientioe codon. Second, a single
nucleotide substitution changes the Aspa-gine at position 110 to Serine; this change
eliminates a putative N-linked glycosyla^on site that is present in the pi.l proteins
of rat and human channels. These observations suggested that this new eraennripe
could represent an isoform (P1.2) of the previously described pi.l species.
We now report that the 86 bp ienertike has the hallmarks of 'an intron. The 5’
and 3’ termini of the insert are the invariant dieuclektiden GT and AG,
respectively. A polypyiriimidine-rich sequence precedes the AG dieuecltktide and
the sequence C T A A G, located 26 bp upstream of the 3’ end is a good match to
branch point motif C/T T A/G A C/T (the highlighted A is the branch nucleotide)
of higher eukaryotic inerops. Using PCR, we have amplified segments of rat, mouse
and human genomic DNAs that coetnie this intron. Preliminary evidence suggests
that the intron is coentrred in the three species. We will utilize this intron to
determine whether a single pi gene is present in the three genomes.
Ths work is supported by funds from the VA and NMSS.

WEDNESDAY PM
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717.5
SODIUM CHANNEL pl SUBUNIT mRNA IN OLFACTORY SYSTEM DURING
POSTNATAL DEVELOPMENT AND FOLLOWING DENERVATION.
S.Sashihara*. C.A.Greer. Y.Oh and S.G.Waxman. Depts. of Neurol, and Neurosurg.
Yale Univ., New Haven, CT 06510 & PVA/EPVA Neurosci. and Regen. Cnt.,
VAMC, W. Haven, CT 06516.
We Investigated the developmental and denervation-induced regulation of the Pl
subunit (NaPl) of the Na+ channel in rat olfactory system. In situ hybridization at
postnatal days 4, 7, 14, 28 and 47 shows that Napl mRNA expression is
upregulated with increasing age, but with different time courses in mitral, tufted,
and pyramidal cells. In mitral cells, label was detected at postnatal day 4 (P4) and
gradually increased to peak at P14. Tufted cells were devoid of Napi mRNA at P4
and P7, but at P14 through adult, most tufted cells expressed NaPl mRNA. In
pyramidal cells of pyriform cortex (PC), NaPl expression is further delayed, and
is not clearly detectable until P14, with peak expression at P28.
We surgically deafferentated the olfactory bulb (OB) at P30, and compared
effects of such deafferentation on Napi with those for Na+ channel a subunit
(Naa) mRNAs. Within 5 days of surgery, the signals for NaPl and Naall
expression in mitral cells were decreased to low-to-moderate levels. In pyramidal
cells, NaPl mRNA expression was moderately decreased without significant
change in Naall mRNA. The deafferentation had no apparent effects on expression
of mRNAs al and alii in these cells of the OB and PC. These data indicate that
NaPl mRNA is differentially expressed in various cell types in the olfactory
system during normal development. Moreover, deafferentation data suggest that the
expression of Na0 1 is regulated independently of Naa mRNAs via cell-specific and
pathway-specific mechanisms. Supported in part by the VA, NMSS and NIH.
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717.6
DIFFERENTIAL Na+ CHANNEL 01 SUBUNIT mRNA EXPRESSION IN
DRG NEURONS IN VITRO AND IN VIVO. Y. Oh*. S. Sashihara*. K.
McNabola+. J.A. Black*. S.G. Waxman*. ‘Department of Medicine,
Division of Nephrology, and Neurobiology Research Center, University
of Alabama, Birmingham, AL 35294; and +Department of Neurology,
Yale University School of Medicine, New Haven, CT 06510.
The voltage-sensitive Na+ channel 01 subunit (Na01) mRNA has
recently been localized within the developing and adult CNS, where
its expression is regulated temporally and spatially. In the present
study, we have examined the expression of Na01 mRNA in adult rat
dorsal root ganglion (DRG) neurons in vitro and in vivo using nonradioactive in situ hybridization cytochemistry. At 3-4 days in vitro,
Na01 mRNA was prominent in DRG neurons. The level of Na01
expression appeared to be greater in medium-to-large (>25 pm in
diameter) DRG neurons than in small (<25 pm) DRG neurons. The
Na01 mRNA was localized to the somata of the DRG neurons and
was not detectable in the neurities. In intact DRGs, results were
consistent with those of in vitro studies. The level of Na01 mRNA
expression was higher in intermediate-to-large (>25 pm) DRG
neurons compared to that in small (<25 pm) DRG neurons. This cell
body size-related Na01 mRNA expression is consistently observed
beginning at postnatal day 4 and continues throughout development to
adulthood. These results demonstrate that Na01 mRNA is expressed
in PNS neurons in vitro and in vivo, and suggest that Na01 gene
expression in DRG neurons is differentially regulated in relation to
their cell body size. [Supported in part by the VA and NMSS]

717.7

717.8

THE tipE GENE OF DROSOPHILA MELANOGASTER ENCODES
A NOVEL MEMBRANE PROTEIN REQUIRED FOR EXPRESSION
OF para SODIUM CHANNELS IN XENOPUS OOCYTES. Linda
M. Hall*. Guoping Feng, and Maninder Chopra. Department of
Biochemical Pharmacology, SUNY at Buffalo, Buffalo, NY 14260.
Mutations in the tipE gene cause a temperature-induced paralysis and
reduction in sodium channels as measured electrophysiologically
(O’Dowd and Aldrich, J. Neurosci. 8:3633, 1988) and by saxitoxin
binding. Cloning by chromosome walking and transformation rescue
has shown that the tipE gene encodes a novel 50,000 dalton protein.
In vitro translation in the presence of microsomes shows that tipE is a
glycosylated, integral membrane protein with two transmembrane
domains. Both the amino and carboxy termini are on the cytoplasmic
side of the membrane. The tipE protein is required in mid to late pupal
development when the nervous system is undergoing final maturation
in order to rescue paralysis in adults. In addition, expression is also
required in adults to prevent a heat-induced lethality which is
independent of the paralysis phenotype. Coexpression in Xenopus
oocytes with the sodium channel a subunit encoded by the para locus
shows that tipE is required for functional expression of this sodium
channel. A dendrogram comparing previously cloned sodium channel
a subunits from a variety of species suggests that many of those which
have been difficult to express may require a tipE homologue. Site
directed mutagenesis coupled with expression in Xenopus oocytes is
being used to define functionally important domains on the tipE
protein, [para clone provided by J. Warmke, P. Wang, L. Van der
Ploeg (Merck) & R. Reenan, B. Ganetzky (U. Wisconsin)]

THREE NEW PUTATIVE VOLTAGE GATED SODIUM CHANNELS
(VGSC) FROM HUMAN NEUROBLASTOMA (SH-SY5Y) CELLS:
A PCR BASED CLONING STRATEGY.
J.L. Walewski*.
J. Ziauddin. and E. Recio-Pinto Depts. of Anesthesiology and
Physiology, Cornell University Medical College, New York, N. Y . 10021
When exposed to retinoic acid, SH-SY5Y cells undergo neuronal
differentiation, i.e., neurite outgrowth and the induction of electrical
excitability (increased expression of voltage gated Na+ and Ca2+
channels). To identify VGSC expressed by the undifferentiated or
differentiated cells, total RNA from each treatment was transcribed into
first strand cDNA, then subjected to two rounds of PCR (2nd nested),
using degenerate primers specific to segments of the highly conserved
third and fourth transmembrane regions of the alpha subunit. Cloning,
restriction analysis, and sequencing revealed three distinct sub-clones
(one from undifferentiated and . two from differentiated cells) which are
unique, yet highly homologous to other members of the VGSC family.
Amino acid (AA) translation of the amplified cDNA demonstrated the
expected high homology (Table 1) at the transmembrane regions, the
presence of the IFM fast inactivation motif, and otherwise considerable
Tablel
CLONE
3
5

HuVGSC
% Iden
89
96
75

Hu Card
% Iden
82
83

Rat II
% Iden
89
96
75

Eel
% Iden
64

Drosph
% Iden
50
51
75

Jellyfish
% Iden
35
35
35

68
6
68
59
JLW is an Aaron Diamond Post-doctoral fellow, and this project is
supported in part by the Aaron Diamond Foundation. Additional support was
provided by the Dept. of . Anesthesiology, CUMC.

71*7.9

717.10

Identification of a partial cDNA encoding a putative voltage-gated sodium
channel from the parasitic flatworm Bdelloura catulida. Michael C.
Jeziorski*. Robert M. Greenberg and Peter A.V. Anderson. The Whitney
Laboratory, University of Florida, St. Augustine, FL.
Alterations in the fast inward sodium current responsible for die initiation of
action potentials in human muscle and heart have been implicated in the
pathology of several disorders, such as paramyotonia congenita (PC) and long
QT syndrome. The specific defect in these diseases, supported by
identification of several mutations, is thought to be a decrease in the efficiency
of transition from the open state to the inactivated state of the voltage-gated
sodium channel (VGSC), resulting in a sustained inward current,
depolarization of die membrane and loss of membrane excitability. The fast
inward sodium current expressed by neurons of the platyhelminth B. Candida
also exhibits a non-inactivating, tetrodotoxin-sensitive component. We have
used RT-PCR with degenerate primers to isolate a cDNA fragment from
Bdelloura RNA that displays homology to known VGSCs. This fragment,
which hybridizes to an RNA of approximately 5.5 kb, includes a sequence
encoding die IH-IV interdomain cytoplasmic loop, a region known to be one
of several components essential to inactivation of VGSCs. This region of the
BdeUoura channel contains an alanine in place of a threonine that is conserved
in every other identified VGSC cDNA (T1491 in the rat brain II channel), and
that is mutated in one manifestation of PC. Additional residues within the IHIV loop vary from other known sequences and may also underlie incomplete
inactivation of the sodium current. Further work will be directed toward
identification of the complete cDNA sequence, heterologous expression of the
channel, and characterization of its sensitivity to tetrodotoxin. (Supported by
NSF grant IBN-9410565 to PAVA and NRSA giant MH 10625 to MJ.)

EXPRESSION AND FUNCTION OF SPECIFIC SODIUM CHANNEL
ISOFORMS IN EMBRYONIC NEURONS. D.D.Hodgesl. S.
Takamatsu. B. McNevin. and D.K. O’Dowd* 12. Dept, of Anat. &
Neurobiol.1 and Dev. & Cell Biol. 12 u. C. Irvine, CA 92717.
Voltage gated sodium channels play a key role in electrical excitability
of cells in vertebrate and invertebrate nervous systems. The para gene
encodes functional voltage-gated Na+ channels in cultured Drosophila
embryonic neurons. Using a combination of electrophysiology and
single cell RT-PCR, we have previously shown that para transcripts
containing alternative exons i and /or a are positively correlated with
large iNa density. We have initiated experiments to test the hypothesis
that phosphorylation at a PKA site in exon a regulates INa density.
Treatment of cultured neurons with forskolin, an activator of PKA,
results in a 10-30% decrease in peak INa- The ability of other
phosphorylation activators and inhibitors to modulate sodium currents
is currently under investigation. We have also generated transgenic
flies which express heat shock inducible ribozymes designed to
eliminate all para transcripts or specifically those containing exon a. A
preliminary hatching assay on one of these lines indicates that heat
shock prior to para expression results in a small decrease in hatching
and larvae that hatch display a sluggish phenotype similar to that
described for para nulls. Other paralytic assays and RT-PCR analysis
of total para mRNA from different developmental stages, as well as
electrophysiological and single cell RT-PCR analysis of cultured
embryonic neurons from these transgenic lines are in progress. These
studies are supported by NIH grants NS27501 to DOD and NS07351
to DDH.
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717.11

CHARACTERIZATION OF SODIUM CHANNEL GENES FROM
INSECTICIDE-SUSCEPTIBLE AND INSECTICIDE-RESISTANT
HOUSE FLIES. Patricia J. Ingles. Pamela M. Adams. Douglas C.
Knipplc and David M. Soderlund*. Dept. of Entomology, New York
State Agric. Expt. Station, Cornell Univ., Geneva, NY 14456.
The kdr insecticide resistance trait of the house fly (Musca
domestica), which confers reduced neuronal sensitivity to DDT and
pyrethroid insecticides, exhibits tight genetic linkage to RFLP markers
lying within a sodium channel gene that is homologous to the para gene
of Drosophila melanogaster. The coding sequence of the house fly para
gene was determined by direct automated DNA sequencing of PCR
fragments obtained by amplification on first strand cDNA from adult
heads. The predicted house fly amino acid sequence was >90% identical
to that of . the D. melanogaster para gene product. In contrast to the
multiplicity of sodium channel isoforms that result from alternative exon
usage in D. melanogaster, there was no evidence for the existence of
multiple splice variants among the cDNAs obtained from adult house fly
head preparations. The house fly para sequence identified in this study
was most similar to the [a+b'c‘d+e‘f‘] splice variant of D. melanogaster,
which occurs as a minor variant in adults but not embryos. However,
the house fly sequence also contained segments located within the region
of anticipated alternative splicing that do not correspond to any of the
identified alternative exons from D. melanogaster. Comparison of para
coding sequences for the NAIDM (susceptible) and 538ge (/Wr-resistant)
house fly strains revealed several nucleotide substitutions that result in
changes in amino acid sequence. The role of these sequence
polymorphisms in conferring the kdr insecticide resistance phenotype
remains to be determined.

WEDNESDAY PM

717.12

CLONING OF A SODIUM CHANNEL a-SUBUNIT (PN1)
FROM RAT DORSAL ROOT GANGLIA. L.M. Fish, L.
Sanqameswaran, S.G. Delgado, B.D. Kochi, L.B.
Jakeman, J.Kwan, and R.C.Herman*.
Biotechnology Unit and Center for Peripheral
Nervous System Res.,Syntex, Palo Alto,
CA
94304.
We have isolated a full-length sodium
channel
a-subunit
clone,
designated
peripheral sodium channel 1 (PN1), from a rat
dorsal root ganglia (DRG) cDNA library. The
cDNA encodes an open reading frame of 1984
amino acids. Northern blot analysis shows that
the 11 KB PN1 transcript is abundant in DRG.
Amplification of the PN1 sequence by RT-PCR
indicates that PN1 is expressed in the CNS, as
well
as
in
sympathetic
ganglia
of
the
peripheral nervous system. Specifically, it is
detected in brain, spinal cord, DRG, nodose
ganglia, superior cervical ganglia, sciatic
nerve, and heart, but not in skeletal muscle.
The functional expression of PN1 in Xenopus
oocytes
and its cell distribution in DRG by
in
situ
hybridization
studies
will
be
discussed.
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ACETYLCHOLINE ACTIVATES APAMIN-SENSITIVE K+ CHANNELS
IN CHICK COCHLEAR HAIR CELLS. W.A. Yuhas* and P.A. Fuchs.
Dept. Physiol., U. Colorado Sch. Med., Denver, CO 80262.
Acetylcholine (ACh) hyperpolarizes cochlear hair cells by activating
calcium-dependent potassium channels. It has been suggested that this
mechanism employs the large conductance calcium-activated K+ channels
(maxi-K+s) that support electrical tuning in hair cells of some
nonmammalian vertebrates. We show here that this suggestion is unlikely
to be correct since the K+ current elicited by ACh (IK(Ach) differs both
physiologically and pharmacologically from that flowing through maxi-K +
channels (Ikco ) in the same hair cells. The I-V relation for Ikac ) is
approximately linear through its reversal potential near E* and has an "Nshape" that peaks near 0 mV. In contrast, the I-V relation for IK(o, flowing
through maxi-K + channels, is sharply outwardly rectifying about the reversal
potential at E* and reaches its maximal value near +30 mV, suggesting
different permeation and activation mechanisms. Substitution of internal K+
with Cs+ ions prevents IK(c ) but not IK(ac >- The scorpion venom peptide
charybdotoxin blocks half of Ikc ) at 3 nM but has no effect on Ikac ) at 65
nM. In contrast, the bee venom peptide apamin blocks half of Ikao at 10
nM but leaves Iko unaffected at 1 /iM. These data show that ACh
activates K+ channels that are distinct from maxi-K + channels, and are'likely
to be members of the small conductance class of calcium-activated K+
channels. Supported by NIDCD DC 01508 and the National Organization
for Hearing Research.

718.2

DEVELOPMENT OF Kv3.1-LIKE CURRENTS IN ACOUSTICOVESTIBULAR NEURONS OF THE CHICKEN EMBRYO BRAIN IN VITRO

R.Hendriks. W.Amin Hossain. D.K.Morest. L.K. Kaczmarek. R.M. Davidson and EM. Ostapoff* Dept. Anat., Univ. of Connecticut Health Ctr., Farmington, CT 06030
& Dept. Pharmacology, Yale Univ. School of Medicine, New Haven, CT 06520.
The Shaw-like, mammalian Kv3.1 channel is a voltage-dependent potassium
channel, highly expressed in mature auditory brainstem nuclei. Associated currents
have a high activation threshold, are slow to inactivate and are very sensitive to 4-AP
and TEA. We have characterized these currents in the acoustico-vestibular anlage,
containing the presumptive nuc. magnocellularis (NM, putative homologue to the
mammalian anteroventral cochlear nucleus) at several developmental stages. Whole cell patch recordings were made from normotypic cell cultures that were highly
enriched with NM neuroblasts. Since these neuroblasts normally start to migrate at
E5.5, explants were made on E4 and E7 and cultured for 2 days (E4/2D and E7/2D,
respectively). They were identifiable microscopically as large, phase-bright, spherical
cell bodies with neuritic processes- Sodium-like current transients, characteristic of
neurons, were absent at E4/2D but pronounced at E7/2D for these cells. Subsequent
recordings were performed in defined external saline solutions containing l|lM TTX
(for E7/2D only) and zero-added calcium, to block voltage-dependent sodium
conductances and calcium and/or calcium-dependent conductances, respectively. At
E4/2D and E7/2D, step depolarizations revealed macroscopic outward currents that
were a composite of two components: a fast initial transient current and a slowly
inactivating current. The initial transient current could be fully revealed by preconditioning pulses to -lOOmV (Vh=-70mV) and eliminated with pre-conditioning
pulses to -40mV. This A-like current was smaller at E4/2D than at E7/2D. The
second component had Kv3.1-like properties, based on criteria for this current,
including an activation threshold of about -10 mV. In summary, Kv3.1-mediated
currents appear to occur very early in neuronal development, well before synaptic
activity in ascending auditory pathways. Supported by T02DC00025, NS29613.

718.3

718.4

MICE LACKING THE DELAYED RECTIFIER POTASSIUM CHANNEL
MKV1.1. S.L. Smart*. A. Messing. S.Y. Chiu. P. Schwartzkroin. B. Tempel.
Depts. of Pharmacology, Otolaryngology, and Neurological Surgery, U. of
Washington, Seattle, WA 98195; Depts. of Neurophysiology and Vet. Medicine,
U. of Wisconsin, Madison, WW>3507>.
The mouse delayed rectifier potassium channel mKvl.l is widely expressed in
the CNS and elsewhere, and is thought to be important in normal neuronal
functions such as axonal conduction. In order to assess the consequences of the
absence of this channel, the mKvl.l gene open reading frame (ORF) was removed
through targeted homologous recombination. A targeting construct was built
containing 129Sv genomic DNA sequences flanking the mKvl.l gene ORF, a
neomycin resistance cassette, and a thymidine kinase gene. The construct was
electroporated into cultured embryonic stem cells, which were then subjected to
both positive and negative selection. Three of the surviving ES cell clones which
screened positively by Southern blot for having undergone homologous
recombination were injected into blastocysts for production of chimaeras.
Chimaeric mice from two clones proved capable of germline transmission. The
chimaeric founders have been mated with Black Swiss, 129Sv and C57/B6 mice,
and homozygotes have been obtained from heterozygote intercrosses. Use of an
mKvl.l ORF probe on a Southern blot has confirmed the absence of the mKvl.l
gene ORF in homozygous animals. The homozygotes show increased mortality
and a phenotype with possible motor and/or neurological components. Studies are
underway to elucidate the physiological basis of the apparent phenotype.

TWO DISTINCT, OVERLAPPING "DELAYED-RECTIFIERS" DETERMINE THE VOLTAGEDEPENDENT POTASSIUM CURRENT PHENOTYPES IN ST. LACUNOSUMMOLECULARE INTERNEURONS IN PRIMARY CULTURE. A Chikwendu* and C.J.
McBain. NICHD-LCMN, NIH, Bethesda, MD 20892.
Whole cell, voltaige-damp recordings were made from primary cultures of dissadated st. LM intemeurons from rats P5-P10. In cells with a bipolar morphology, "delayed rectifier"
outward IC currents were activated at test potentials positive to -40mV (V„ = -60mV). One of
two current phenotypes was usually observed which we termed "sustained" and "slowlyinactivating". The voltage-dependence of activation of either current phenotype, however,
was fit by the sum of at least two boltzmann equations suggesting that the total outward
current resulted from the temporal overlap of multiple components. The total outward current
showed minimal (-20%) voltage-dependent inactivation (Vhalf = -65± 3.8mV, n=14). In cells
possessing predominantly "stowly-inactivating" outward currents, 4-AP dose-dependently
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(IOji M - 30mM) blocked a fraction of the total outward current with an IC,* of 312 ±
101 pM. At a maximal concentration of 30mM, 4-AP selectively blocked 41% of the total
current. Isolation of the 4-AP sensitive component yielded a "slowly-inactivating" current
with a positive voltage dependence of activation (Vhalf = 11.9 ± 1.4mV, n=4). The current
remaining in 30mM 4-AP was "sustained" and also possessed a positive Vhalf of 6.2 ± 2mV
(n=4). In cells where a "susttaneer outward current dominated, 4-AP (30 mM) again
removed a "slowly-inactivating” component which reprcsentcr only 23% (n = 5) of the total
outward current. TEA rosc-rcpce^ently (10jpM - 30mM) blocked the total outward currents
with an ICW of 142 ± 47pM. In 30mM TEA, 85% of the total outward current was blocked
regardless of whether the current phenotype was prcromieaetiy "sustainetf’ or "slowly
inactivating". However, low concentrations of TEA (10 - 1O(0iM) selectively removed the
"slowly-inactivating” current component (Vhalf = 10.1 ± 1.3mV, n=5).
In conclusion, bipolar st. L-M intemeurons have at least two "d^ayed rectifier" currents with
similar activation profiles which can be rifferentiater based on their sensitivity to 4-AP and
TEA The differing proportions of either current component usually determines the overall
current phenotype in any given cell.

WEDNESDAY PM

POTASSIUM CHANNEL PHYSIOLOGY, PHARMACOLOGY AND MODULATION II

718.5
DO CHANNELS FORMED BY Kvl.4 CONTRIBUTE TO THE TRANSIENT CURRENT IN
ST. PYRAMIDALE INTERNEURONS ? L Zhang* and C.J. McBain NICHD-LCMN, NIH,
Bethesda, MD 20892-4495.
Homomeric channels formed by the voltage-dependent K* channel subunit Kvl .4 exhibit a
transient current which is inhibited by decreasing external K concentrations ([K*J.
Immunohistochemical studies have shown the Kv1.4 protein to be localized to cells
tentatively identified as intemeurons of the CA1 hippocampus. Here we have examined the
effects of [K*], on the transient current of cells from subfield CA1 and correlated these
effects with cell morphology in slices from neonatal rats (11-15 days). With whole-cell and
outside-out patch voltage damp techniques, transient currents were elicited by
depolarization to potentials positive to -60mV (Vhold -90mV) and were isolated from
sustained currents by use of different prepulse paradigms. Isolated whole-cell transient IC
currents in various [IC], were compared with control transient current recorded in 3.5 mM
[K*X 38% of all the cells recorded (n = 78) and whose morphology was subsequently
identified by biocytin labeling showed a selective reduction (36%) or increase (62%) in the
amplitude of the transient current measured at OmV when perfused with a IC-free or a 10
mM [IC] solution, respectively. Analysis of the voltage-dependence of this transient current
revealed a Vhalf of -20± 2.1 mV (n = 11). Of these cells, 60% were identified as inhibitory
intemeurons located dose to the border of st. pyramidale, 17% were observed in st.
radiatum proper, and 10% were CA1 pyramidal neurons. In all other cells the transient
current was increased in IC-free conditions as would be expected. Current--damp recordings
from cells exhibiting a decrease in transient current in IC-free solution in voltage-damp
studes (n = 3) demonstrated an increase in their action potential duration (18%)
concomitant with an augmentation of the afterhyperpolarization amplitude (52%) in IC-free
solution, in addition IC-free solution also caused a membrane hyperpolarization of ~3 mV.
Our data suggest that external IC can modulate a transient IC current presumably arising
from Kvl .4 subunit expression in hippocampal CA1 neurons. This current contributes to the
total transient current and partdpates in the action potential repolarization in inhibitory
neurons of st. pyramidale.
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718.6

PERMEATION PROPERTIES OF THE M-CURRENT IN RAT
SUPERIOR CERVICAL GANGLION NEURONS.
R. Cloues*. J.P. Al delman.and N .N.MaMion. Vollum Instituie, O HSU,
Portland, OR 97201.
The M-current is a voltage-dependent potassium (K+) current which is
inhibited by muscarinic acetylcholine receptor activation. We have
examined aspects of M-channel permeation including the relative
permeabilities of various monovalent cations and whether the M-channel
displays anomalous mole fraction behavior. Whole-cell M-currents were
recorded from cultured rat superior cervical ganglion (SCG) neurons using
the nystatin perforated-patch technique. To determine relative permeabilities,
cells were bathed in a solution containing 135 mM NMG (a non-permeant
cation) and 15 mM of the cation of interest (acetate salt), as well as 5 mM
MgAc, 0.1 mM CaAc, 0.2 mM CdAc, and 10 mM 4-AP (to block other
voltage-dependent K+ channels). Shifts in M-current reversal potential were
measured and the permeability of different cations relative to K+ determined.
The permeation sequence of the M-current is: Tl+ > K+ > Rb+ > NH4+ »
Na+. For example, Rb+ is less permeable than K+ (P^/Pr . = .78), blocks
conduction through the channel (gRb/gK = .40), and slows the deactivation
tail currents at -50 mV from 107 ± 15 ms to 136 ± 18 ms (sem; n=4; P <
0.1). The M-current displays anomalous mole fraction behavior, a property
suggestive of a multi-ion pore. In these experiments, M-currents were
recorded in isotonic K+ (150 mM) and then titrated with increasing amounts
of Rb+. M-current conductance goes through a minimum as the mole
fraction of Rb+ varies from 0 to 1.0. The M-channel thus displays many of
the properties of other voltage-dependent K+ channels.

718.7

718.8

CHARACTERIZATION OF THREE DISTINCT K+ CURRENTS
MODULATED BY ATP IN HUMAN NEOCORTICAL NEURONS.
C. Jiang* & G. G. Haddad. Department of Pediatrics, Section of
Respiratory Medicine, Yale University, New Haven, CT 06510
ATP-modulated K+ channels play an important role in regulating
membrane excitability and neuronal responses to metabolic stress. In
order to study the presence and modulation of these K+ channels in
human neocortical neurons, single channel K+ currents were recorded
in the excised patch configuration from dissociated human neocortical
neurons. Three outward currents sensitive to ATP were characterized.
All channels were selectively permeable to K+. One of them had an
unitary conductance of ~45pS and showed a strong inward
rectification with symmetric K+ across the membrane. This K+ current
was inhibited by ATP with IC^ of ~ 150/zM, and channel activity was
suppressed by non-hydrolyzable ATP analogue AMP-PNP and
glibenclamide. The second K+ current had a conductance of ~ 170pS,
but no rectification was seen. This current was also inhibited by ATP,
AMP-PNP and glibenclamide. Unlike the 45pS current, however,
activation of this current required the presence of /xM Ca++ on the
cytosolic side. The third K+ current was Ca++ dependent, had a
conductance of ~260pS and was inhibited by charybdotoxin. Unlike
the other 2 channels, ATP (0.03-1.OmM) enhanced channel open
probability and increased the unitary conductance. These results
indicate that a number of K+ channels are regulated by physiologic
concentrations of ATP in human neocortical neurons. (Supported by
NIH P20 NS32578, HD15736)

HIERARCHY OF GLUTAMATE AND NORADRENERGIC RECEPTOR
FUNCTION IN HIPPOCAMPAL CA1 NEURONS. R. Nouranifar*. T. Wong, R.D.
Blitzer and E.M. Landau. Dept. of Psychiatry, Mt. Sinai School of Medicine and
Bronx VAMC, New York NY 10029
Intracellular recording techniques were used to investigate the interaction between
the metabotropic glutamate and P-adrenergic signaling pathways in pyramidal cells
from the CA1 region of adult rat hippocampal slices.
Both trans-1aminocyclopentane-lS,3R-dicarboxylic acid (ACPD) and isoproterenol (ISO) blocked
the slow afterhyperpolarization (sAHP) which followed membrane depolarization when
applied individually. However. their effects were less than additive when applied in
combination. The effect of the combined agonists became additive when protein
kinase C (PKC) was inhibited by PKC 19.31 in the recording electrode. The
involvement of PKC confirmed by the bath application of chelerythrine. a specific
inhibitor of PKC. which also rendered the combined effect of ISO/ACPD additive.
Interestingly. the inhibitory effect of ACPD on AHP was not blocked by
chelerythrine. which did prevent the blockade of the AHP by phorbol-12,13-dibutyrate
(PDBu). The ISO-ACPD interaction could be mimicked by the combination of ISO
and PDBu. and most importantly. by 8-bromo-cAMP and PDBu. The results indicate
that the metabotropic glutamate pathway coupled to PKC prohibits the p-adrenergic
inhibition of the AHP.
The demonstration that PKC can prevent an effect of the PKA pathway reveals a
potentially important motif of interaction between these two pathways. expressed as an
assignment of rank to different neurotransmitters. Thus. a neurotransmitter of a higher
rank (glutamate. coupled to PKC) can override the effect of a lower-ranking transmitter
(norepinephrine. coupled to cAMP). enabling the neuron to discriminate among
neurotransmitters released in temporal proximity. Such interacting effects on the AHP
might function as a protective mechanism. preventing over-stimulation of pyramidal
neurons upon release of multiple excitatory neurotransmitters. Supported by
NARSAD and a VA Merit Grant.

718.9

718.10

Properties of Ca^-dependent, large conductance K (BK)
channels in cultured rat melanotrophs. S.J. Kehl*. K. Kheirani.
M. Mitton, and K. Wona. Department of Physiology, UBC,
Vancouver, B.C., Canada, V6T 1Z3
The biophysical and pharmacological properties of BK
channels were studied by using the patch clamp technique.
In excised patches the open probability (Po) was increased
by depolarization and/or by increasing [Ca2*],. The
current/voltage relationship in symmetrical K* (150 mM) was
linear between -60 and 60 mV and had a slope of 267
pS (95% C.L. 258-275 pS). Relative permeabilities,
estimated from the reversal potential obtained either directly
or by extrapolation in biionic conditions in which the test
cation completely replaced internal K*, gave a permeability
sequence of K* (1) > Rb+ (.87) > NH/ (.17) > Cs* > Na*
(<.02). Outward Rb* currents had a slope conductance of
30-40 pS suggesting a long mean dwell time for Rb in the
pore. Outward currents were not seen with either Cs* or
Na*. External TEA* caused a weakly voltage-dependent
open channel block. The Kq for the block at 0 mV was
260 juM and the slope of the Hill plot was 0.82 implying
that the block was produced by the binding of a single
molecule of TEA*. Internal TEA* (80 mM) had no effect.
External charybdotoxin (10-40 pM) caused a slow block of
BK channels. Difficulty in obtaining a stationary P0 with
outside-out patches precluded a systematic study of the
binding kinetics of charybdotoxin.
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CALCIUM-ACTIVATED
POTASSIUM
CHANNELS
IN
FERRET RETINAL GANGLION CELLS. G-Y Wang. D.W.
Robinson. J.M. Horowitz and L.M. ChaluoaL Neurobiology, Physiology
and Behavior and Center for Neuroscience, University of California,
Davis, CA95616.
Patch-clamp techniques were used to study the calcium-activated
potassium currents in retinal ganglion cells (RGCs) retrogradely labeled
by prior injection of rhodamine latex beads. In the cell-attached
configuration with 140mM K* in the electrode and 5.9mM K* in the
bathing solution, two types of calcium-activated potassium channel were
identified. These channels had conductances of 118pS (BK) and 22pS
(SK) and were sensitive to increases in intracellular calcium concentration
resulting from die addition of Bay-K8644 to the bathing solution. In the
inside-out configuration the open probability of both channels increased as
intracellular patch calcium concentration was increased. In the currentclamp mode, bath application of charybdotoxin, a selective blocker of BK
channels, significantly increased the firing frequency of RGCs which
responded in sustained manner to maintained depolarization. In contrast,
charybdotoxin had little or no effect on the discharge patterns of RGCs
which responded to such current injections in a transient fashion. These
results demonstrate that the BK channel of the calcium-activated
potassium conductance regulates the firing frequency of sustained RGCs.
Supported by NIH grant EY-03991 to LMC
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718.11

WEDNESDAY PM

ATP sensitive K+ channels (KATp) are the most abundant K‘ channels in skeletal muscle
were may differently respond to various metabolic insults. An abnormal functionality of Katp
channels has been proposed to contribute to the pathogenesis of hypokalemic periodic
paralysis (HOPP), in which the primary cause involve a mutation of DHP receptor. However,
at present, the link between the channel mutation, that results in an increase of inactivation of
Ca24 channels (Sipos et al., Biophysical J. 68/2: A209, 1995), the muscle paralysis and the
lowering of the serum K+ concentration is still obscure. In the present work, a preliminary
screening of human KATp channels of skeletal muscle fibers has been performed by patch
clamp technique. The experiments were carried out on biopsies of human skeletal muscle .
removed, under general anaesthesia, from vastus lateralis of patients who required a
orthopedic surgery. Single channel recording were performed in inside-out configuration at
constant voltage (-60 mV), at 20 °C, in symmetrical KC1 150 mM or during voltage step going
from -70 mV to + 70 mV (Vm). The biopsy from a 17 year old man, showed an high KATp
channel activity (mean patch current, /, : 37 pA) due to a 64 pS channel. The channel density
(N/area) was 12 and the open probability (Popen) was 0.313. The IC50 for ATP was about 50
|iM. The patient did not show abnormality in the level of the serum metabolites nor in the
concentration of K* ion being 5.4 meq/L. In contrast, the biopsy from a 67 year old woman
showed a lower KAtp channel activity (/ : 14,4 pA) due to a decrease of N/? ^2 that was 3.5,
and Popen that was 0.0312 . The single channel conductance did not change with aging being
61 pS. Moreover, the sensitivity of the channel for ATP was about 50 times higher. The
patient did not show abnormality in the levels of the serum metabolites while the plasma
concentration of K* ion was lower being 4.7 meq/L. Our data suggest that, as observed in aged
rat skeletal muscle in which a decrease of N/3
and Popen was found (D. Tricarico and D.
Conte Camerino, Mol. Pharmacol. 46:754, 1994), the aging process alter also the Ka tp
channels of human skeletal muscle . We also observed that the decrease of Katp channel
activity found in aged human skeletal muscle is paralleled to a decrease of plasma K~ level.
The financial support of Telethon-Italy (Grant no. 579) is gratefully acknowledged.

718.12
DEPRESSION OF POTASSIUM CURRENT BY 5-HT7 RECEPTOR
STIMULATION
IN
CULTURED RAT SUPRACHIASMATIC
NEURONS. Y. Edagawa*. H. Saito and H. Katsuki. Dept. of Chem.
Pharmacol., Fac. of Pharmaceut. Sci., The Univ. of Tokyo, Bunkyo-ku,
Tokyo113,Japan
The suprachiasmatic nucleus (SCN) receives a serotonergic projection
from the mesencephalic raphe nuclei and this input is thought to be
important in circadian rhythms regulation. We performed the whole-cell
recordings from the cultured postnatal rat SCN neurons to investigate the
possible modulation of delayed rectifier potassium current (IK) by serotonin
(5-HT). Sustained outward current induced by depolarization to OmV by
pulse stimulus for 500ms was identified as IK, since it was greatly inhibited
by tetraethylammonium treatment. Administration of 5-HT depressed IK in a
dose-dependent manner (1O'7 to 10'5M). 8-OH-DPAT (5-HT1A.7 agonist,
10-7 to 1O'5M) and 5-CT (5-HT1A.1B.7 agonist, 10‘7 to 10-5M) had similar
effects of depression by 5-HT, but DOI (5-HT2 agonist, 10‘5M) had no
significant effect. Ritanserin (5-HT2.7 antagonist, 10’6M) inhibited the
suppressive effect by 8-OH-DPAT (10'6M), whereas pindolol (5-HT1A.1B
antagonist, 10'5M) did not. The effect of 5-HT (10'6m) was also inhibited by
ritanserin (10'6M), but not by pindolol (10‘5M) or MDL72222 (5-HT3,4
antagonist, 10*5M). Forskolin, adenylyl cyclase stimulator, and 8-Br-cAMP,
membrane-permeable cAMP analog, also reduced the iK.The effect of 5-HT
and forskolin were not additive. Moreover, the inhibitory effect by 5-HT was
attenuated by H-8, potent inhibitor of protein kinase A. These results
indicate that the depression of IK is induced by the stimulation of 5-HT7
receptors, which is linked to intracellular cAMP-coupled mechanisms.

718.13

718.14

DIFFERENTIAL DEPLOYMENT OF FAST POTASSIUM CHANNELS ON
CELL BODIES AND AXONS OF ADULT RAT DORSAL ROOT GANGLION
NEURONS. B. Everill. D. Donnelly*1 and J. D. Kocsis. Depts. of Neurology &
Pediatrics1, Yale Univ. Med. Sch., New Haven, CT. 06510, and Neuroscience Res.
Ctr., VAMC, West Haven, CT. 06516.
Myelinated rat peripheral nerve fibers have a variety of kinetically fast and slow
potassium channels (Roper, J. and Schwartz, J.R. 1989), but little is known about the
K* channel organization of the cell bodies of these axons. Recently, several workers
have indicated that Na+ channel and GABA receptor organization of dorsal root
ganglia (DRG) neurons change in response to axotomy. The present study was
undertaken to characterize K+ currents on the cell bodies of DRG neurons as a
precursive examination of injury-induced plasticity of these currents. DRG neurons
were dissociated from adult female Wistar rats and prepared for short-term (10-24
hrs.) examination. Whole cell patch clamp recordings were obtained from mediumsized neurons which give rise to myelinated peripheral axons. K* currents were
isolated by blocking Na+ and CaI+ currents with appropriate ion replacement and
channel blockers. The neurons were held at -80 mV and depolarized in 10 mV step
(100 ms duration) increments to +20 mV.
A prominent TEA-sensitive
noninactivating delayed outward current was observed, and an outward leak
conductance remained after application of 40 mM TEA inside and outside of the
neurons. Little evidence for a fast 4-aminopyridine-sensitive K* current was
observed using the voltage clamp protocol or those designed specifically to identify
A-currents. Intra-axonal recordings from myelinated sensory axons in the root
revealed a prominent 4-AP sensitive after-hyperpolarization suggesting the presence
of fast K+ currents on these axons. The presence of prominent transient 4-APsensitive currents on axons of these neurons and their absence or paucity on the cell
body suggests that adult DRG neurons primarily deploy fast K* currents on their
axons and not their cell bodies. Supported in part by the VA and the NIH.

CORTICOSTERONE EFFECTS LEAK BUT NOT Q CURRENT IN RAT
HIPPOCAMPAL CA1 NEURONS. S.Pumvn. S. Beck.* DepL of Pharmacology,
Loyola University Medical School, Maywood, IL 60153.
Basal leak (1^*) and Q currents (Iq ) were studied in CA1 neurons from rat
hippocampal slices using patch-clamp technique in whole cell configuration. These
currents were compared in cells from rats that were naive, sham operated (Sham),
adrenalectomized (ADX) or ADX with corticosterone (CT) replacement by
subcutaneous pellet implantation (ADX+CT).
Iq was defined as a Cs+ (EC50 = 0.33 mM) sensitive inward current induced by
hyperpolarizing voltage steps from a holding potential of -65 mV. Delay in
activation, but not in inactivation of this current was apparent Iq activation at -100
mV was best fit to second order kinetics. The time constant of Iq activation was
highly temperature dependent (Qio=5) and it lost it's voltage dependence at 32°C.
Cs* inside the cells was not able to block Iq in concentrations sufficient to block the
delayed rectifier. Substitution of intracellular K+ with Na* did not change the
amplitude of Iq . No significant difference in the amplitude of Iq was found between
Sham, ADX and ADX+CT animals.
Ija* was isolated by subtracting Iq from the current responses evoked by
hyperpolarizing voltage steps used to study Iq . In -65 to -110 mV voltage region 1^
V-I characteristic appeared to be linear with a reversal potential (Er) equal to the
membrane resting potential of -63.2 mV and had a slope of 21.6 nS in cells from
the Sham treated animals. W showed temperature dependence with Q10 of 1.85
and no sensitivity to Cs+ at 2mM concentration. Replacing intracellular K+ with Cs+
dramatically decreased 1* conductivity. Replacing intracellular K* with Na* had
no effect on conductivity but slowly shifted Er in a positive direction. I^
conductivity was significantly lower in ADX+CT treated animals (14.8 nS). The
reversal potential did not change. Decreasing 1* might be responsible for
increasing excitability of the cells by CT. Supported by USPHS NS28512 and
K02MH00880 to SGB.
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DEPENDENT CHANGES OF CHANNEL PROPERTIES. D. Tricarico*. R . Petruzzi and D.
Conte Camenno. Unit of Pharmacology, Dept . of Pharmacobiology, Umv . of BARI, via
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AN INACTIVATING INWARD-RECTIFYING K CURRENT
IN RAT LACTOTROPH CELLS IN PRIMARY CULTURE.
J.R. Schwarz . B.J. Corrette. C.K. Bauer (SPON: European Neuroscience Association), Inst. Physiol., UKE, D-20246 Hamburg, Germany
Whole-cell patch-clamp experiments were performed in lactotroph
cells from primary cultures of pituitaries from lactating rats. Cells were
identified as lactotrophs by staining using a prolactin antibody
(NIDDK, Baltimore, MD). Cells were kept in culture for up to 5 weeks.
Throughout this period, an inward-rectifying K current (Kjr ) was
recorded in lactotrophs using isotonic KC1 as external solution. This
current differed from cell to cell with respect to current density and rate
of inactivation. Inactivation starts at about -70mV and becomes faster
and more complete with more negative potentials. This inactivation is
independent of external Na+. The fast-inactivating current type in
lactotrophs strongly resembles the inward-rectifying K current of
GH3B5 rat somato-mammotrophic tumor cells (Bauer et al., J. Physiol.
429:169, 1990). Changing the external K+ concentration from 150 to
15 mM (K+ exchanged by Na+) produced a mean shift in the reversal
potential of -55.2 mV, demonstrating a high selectivity of the recorded
current for K+ over Na+. Kjr is effectively blocked by 5 mM Ba++, but
0.5 mM Ba++ reduced the peak current by only 10-20%. 10 mM TEA
partially (<50%) blocks Km.
A physiological role of KIR in the control of prolactin secretion is
suggested by the fact that the secretagogue TRH inhibited Kjr in about
half of the lactotrophs tested. This inhibition might underlie membrane
depolarization resulting in a TRH-induced enhanced Ca++ influx into
the cell, as has been observed in a proportion of lactotrophs (Reid et al.,
in prep.).

CaI+-ACTTVATED
POTASSIUM
CHANNELS
UNDERLYING
AFTERHYPERPOLARIZATION IN NEOCORTICAL PYRAMIDAL NEURONS.
Jian Kang*, John Huguenard and David A Prince, Department of Neurology and
neurological sciences, Stanford University, Stanford, CA 95304
To investigate the ion channels underlying afterhyperpolarizations (AHPs) we
utilized dual patch clamp recordings with two electrodes , a whole-cell current clamp
and a cell-attached patch, on single rat neocortical neurons in visualized slices. The
large conductance Ca2+-activated K* channel (BK) has been hypothesized to contribute
to repolarization and fast afterhyperpolarization in neurons because it opens after a
single spike in GH} cells and dissociated hippocampal neurons (Lang & Ritchie, Pfliiger
Arch 1987; Yoshida, Jap. J. Physiol. 1991). We found that the BK channel was not
triggered by depolarization induced spikes in pyramidal neurons in slices. Instead, an
intermediate conductance Ca2+-activated K+ channel (IK) with a conductance of 64 pS
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was seen immediately following the AP transient and with mean post-spike channel
activity lasting 9.0+0.9 ms. A small conductance Ca*-activated K+ channel with a

conductance of 29 pS(SK) was also observed immediately following the AP transient
or IK openings, and the activity of SK lasted 94.5+6.3 ms. The same results were also
obtained by synaptically evoked spikes and at different temperatures. Spike-related
openings of IK and SK were markedly reduced by superfusion of 0.3 mM Cd24. In
contrast, the BK channel only opened as neuronal responses deteriorated eg. smaller or
absent spikes and in a spike-independent manner. The membrane potential became
hyperpolarized (>-10 mV) during BK channel activity. Inside-out patches excised from
slices or dissociated neocortical pyramidal neurons also contained three types of Ca2*activated K* channels. IK and SK are more sensitive to Ca2* than BK. Similar to BK,
IK was also voltage-dependent and blocked by 1 mM TEA or 100 nM Charybdotoxin
(ChTX) in the pipette solution. SK was voltage-independent and insensitive to TEA,
ChTX or apamin. We conclude that IK and SK respond to the transient intracellular Ca2*
elevation elicited by the action potential and contribute to the two components of AHPs.
BK does not contribute to the AHP during short periods of stimulation.
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TWO CLASSES OF BK CHANNELS IN RAT NEUROEPITHELIAL CELLS. J.-M. Mienville* and J.L. Barker. Lab of
Neurophysiology, NINDS, NIH, Bethesda, MD 20892.
In situ patch-clamp recordings from E12-14 rat
telencephalon reveal two classes of large-conductance Caactivated K (BK) channels: the first one represents only a
very small percent (~1%) of occurrences and displays
properties of classical BK channels, i.e., normal gating mode,
sensitivity to charybdotoxin (CTX), absolute requirement of
Ca for activation, and voltage dependence of 10-15 mV per
e-fold increase in Po. In the second class, channels exhibit a
buzz gating mode and, as described previously (J. Physiol.
481: 293-298), switch to normal mode upon exposure to
intracellular trypsin. These channels appear to be insensitive
to CTX, are capable of activation in the absence of
cytoplasmic Ca, and display voltage dependences >40 mV
per e-fold increase in Po. An interesting feature is that their
Po can be "titrated" with intracellular trypsin, longer enzyme
applications yielding lower Po's. Following treatment, these
channels are stimulated by increases in cytoplasmic Ca.
Because of its overwhelming presence in embryonic tissue,
this channel subclass may encompass immature forms of BK
channels.

THE HYPERPOLARIZED SHIFT OF Ia INACTIVATION IN
HYPERTENSIVE RATS IS NOT SECONDARY TO ELEVATED
BLOOD PRESSURE. Walter P. Robertson and Geoffrey G.
Schofield *. Department of Physiology, Tulane University School of
Medicine, New Orleans, LA 70112.
Increased sympathetic nerve activity has been implicated in the
development and maintenance of hypertension. Consistent with this
hypothesis, Ia in superior cervical ganglion neurons from adult
spontaneously hypertensive rats (SHR) inactivates at more
hyperpolarized potentials than in normotensive WKY rats. In neurons
from young, pre-hypertensive SHR rats the mean Ia half inactivation
potential (V h) was not different than that recorded from neurons of
young WKY (-76.4 ± 2.4 and -78.5 ±2.1, respectively). These data
suggest that alterations in Ia gating are not causative of hypertension in
the SHR. However, new preliminary data shows that the Vh for Ia
inactivation does shift in adult SHR rats prevented from developing
hypertension by prolonged treatment with the anti-hypertensive drug
enalapril. Thus the hyperpolarizing shift of Ia inactivation is not a
secondary adaptation to the elevated blood pressure.

718.19

718.20

POTASSIUM CONDUCTANCES PLAY IMPORTANT ROLES IN PRODUCING
MAGNETIC FIELDS IN THE GUINEA PIG HIPPOCAMPAL LONGITUDINAL
CA3 SLICE._ J. Wu* and Y. C. Okada. Dents. Neurol. & Physiol., Univ. New
Mexico Sch. Med., Albuquerque, NM 87131
We analyzed the influence of K+-conductances on size and shape of the magnetic
evoked fields (MEFs) in the guinea pig longitudinal CA3 slice. Evoked potentials
(EPs) were recorded simultaneously with the MEFs to compare their similarities in
timing and temporal waveforms. Intracellular recordings were carried out to gain further insight into die cellular currents generating the MEFs. The stratum lucidum of
rectangular CA3 slice was stimulated by single pulses (1.0 mA, 50 ps, 0.1 - 0.5 Hz)
with six pairs of bipolar electrodes in Ringer solution (concentrations in mM: NaCl
124, KC1 5, NaHCCFj 26, NaH2PO4 12, MgCl2 0.6, CaCl2 2.5, glucose 10, 3637°C) containing 0.1 mM picrotoxin. Die MEF consisted of an initial component
with 5 ms peak latency followed by a biphasic slower component lasting 100 ms.
0.1 mM 4-aminopyridine (4-AP), which selectively blocks gK(A)» reversibly enhanced the slower component of both the MEF and EP. 1 mM tetraethylammonium
(TEA), which blocks gjqC). reduced the initial MEF component, but increased the
amplitude of the slower component of both the MEF and EP. Blocking of gK(AHP)
with 1 pM cabachol was demonstrated in our preparation with intracellular recording.
The same concentration prolonged the latency of the slower biphasic MEF component with some increase in amplitude. The latency of EP response was also prolonged and its amplitude was clearly enhanced. These results indicate that* (1) the
blockade of gK(A) increases the duration of depolarization after the opening of gNa>
thereby increasing the probability of opening gCa and consequently increasing the
MEF amplitude; (2) the blocking of gK(C) may lead to an increase in the duration of
the Ca^-activated action currents, enhancing the magnitude of the slower MEF component; (3) the blockade of due long-lasting afterhyperpolarization may prolong the
voltage-dependent Ca2* channel open time, thereby broadening the slower component
of MEFs. We conclude that active conductances are important in interpreting MEFs.
Supported by NINDS-RO1-NS21149.

HODGIN-HUXLEY REDUX: EXCITABILITY OF THE SQUID
GIANT AXON REVISITED. J ,R. Clay*. NINDS, NIH, Bethesda,
MD 20892 and MBL, Woods Hole, MA 02543.
The Hodgkin and Huxley model (J. Phvsiol. 117:500. 1952) is
generally believed to provide a good description of the excitability properties of the squid giant axon. This view is incorrect.
Specifically, the model predicts a steady train of action .potentials
(AP's) in response to a sustained current pulse of sufficient
amplitude, whereas the axon itself generates only a single AP
for these conditions regardless of pulse amplitude or duration.
The underlying mechanism for this result concerns, primarily, lK,
which requires significant revision in the model. Specifically, the
Ik current-voltage relation is a non-linear function of (V-Ek ),
which is well described by the GHK equation (Clay, J. Phvsiol.
444:499, 1991). This result, in turn, gives a much steeper activation curve for Ik than in the HH model, in particular a steep rising
phase at -45 mV. Consequently, Ik acts, effectively, as an impedance shunt during a sustained current pulse as the membrane
potential is depolarized from the foot of the initial spike. lNa is
thereby shortcircuited, and the membrane quiescently rests in
the -55 to -45 mV range, depending upon pulse amplitude. The
squid giant axon is, therefore, a good model system for rapid
accommodation, rather than bursting, or tonic firing behavior.
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Figure. H infinity plots of peak A-current.
Ia was recovered for 1.0 sec prior to a step to
-30 mV. Rats received 25 mg/L enalapril in
drinking water from 3-4 weeks of age until
use. Mean
for SHR neurons was -79 ±3
mV and -72 + 4 mV for WKY neurons.
Solid lines are a least-squares fit of the data
to a Boltzmann function.
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ARE K+ CHANNEL p-SUBUNITS NAD(P)H-DEPENDENT OXIDOREDUCTASE PROTEINS ? T. McCormack! K McCormack^*, H. MorenoLI.
and B. Rudv-L 1) Dept of Physiology and Neurosciences and Dept of
Biochemistry, New York University Medical Center, NY NY 10016 2) Dept.
Genetics, Universty of Wisconsin, Madison , WI. 3) Dept Fisiologia Universidad
National de Colombia-CIF.
We have observed that Shaker K channel P-subunits (pi, P2 and P3)
show homology to members of an NAD(P)H -dependent oxidoreductase
supertamiffy We have also identified EST sequences from rice and Arabidopsis to
which P-subunits show 40-55% identity over the % amino acids encoded by these
partial cDNA's. We are interested in determining whether K+ channel P-subunits
are functional enzymes and whether pyridine-nucleotide cofactors play a role in
modulating K+ channels through P-subunits. In order to pursue these studies we
have cloned human homologs of the rat P-subunits. The pi gene is complex and
generates alternatively spliced products with different amino termini and tissuespecific expression. The pi product is expressed mainly in brain, while P3 is most
abundant in heart Additional studies will focus on the physiological roles of psubunits and on the interactions of specific a- and p- subunits.
Supported by a Grant in Aid from the American Heart Association and NIH grant
NS 30989.

THE MODULATION OF HUMAN (hslo) CA2+-ACTIVATED K+

CHANNELS BY PROTEIN KINASES AND ATP ANALOGS. T.J.
DiChiara* & P.H. Reinhart. Dept. of Neurobiology, Duke University
Medical Center, Durham, NC 27710 USA.
We have investigated the modulation of human Ca2+-activated K+

channels (the hbr5 splice variant of hslo) in a stably transfected HEK293
(human embryonic kidney) cell line. Using inside-out patch clamp
analysis we have shown that these channels can be up-modulated to a
similar extent by either protein kinase A (PKA) or protein kinase C (PKC).
Both of these kinases increase the steady-state Ca2+-dependence of these
channels, and also have profound effects on the channel activation kinetics
(n=4). When added in the absence of protein kinases, ATP does not upmodulate hslo channels, however, it slows channel ‘run-down’ measured
as a right-shift in macroscopic g/g™* curves (28 of 31 experiments). As
soon as ATP is washed out, ‘run-down’ continues. ATPyS has a similar,
although less robust, effect which is resistant to wash-out (n=12). Three
other non-hydrolyzable ATP analogs AMP-PNP (n=l 1), AMP-PCP (n=3),
and AMP-CPP (n=3) have no effect on the rate of run-down nor on peak
currents. These data indicate that human Ca2+-activated K+ channels can

be targeted by numerous signal transduction cascades. Furthermore the
data show that ATP itself also modulates hslo channels, and that this effect
is distinct from modulation by PKA and PKC. The mechanism of ATP
modulation appears to involve protein phosphorylation rather than a direct
effect of nucleotide binding. Supported by NIH grant NS31253 to PHR.
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REGULATION OF rKv 1.6 AND rKv 3.1 EXPRESSED IN XENOPUS
OOCYTES BY PROTEIN KINASE C. A.C.S. Costa*. L.C. Starke and P.J.
Pfaffinaer. Baylor College of Medicine, Houston, TX 77030.
The regulatory actions of PKC on cloned rKv 1.6 and rKv 3.1 were studied
here with both electrophysiological and biochemical approaches. By using
conventional two electrodes voltage-clamp, we showed a 40-50% reduction
in peak amplitude of currents recorded from oocytes expressing either rat K+
channel clones after 15-20 minutes incubation in external solution containing
phorbol-12-myristate, 13-acetate ester (50 nM). In contrast, rKv2.1 was not
suppressed under these conditions. However, to avoid possible artifacts due
to PKC stimulated membrane internalization, we switched to studying regulation in inside-out excised macropatchs. Patches were excised from oocytes
expressing either rKv 1.6 or rKv 3.1 and then tested with internal solutions
containing a partially purified preparation of PKC in an optimized low Ca2+
buffer. The kinase activity in this solution was 25% of the Ca2+ stimulatable
activity. Where patches could be held long enough, the current could be reversed upon kinase removal. The reversible nature of the regulation, and recording in excised, low Ca2+ solutions, demonstrates that the effect is not due
to internalization. To begin to characterize the PKC sites on the channels, we
have performed in vitro phosphorylation assays of a purified N-terminus fragment of rKv1.6. This protein only shows a slight ability to be phosphorylated,
around 1% phosphorylated. We are further refining this biochemical strategy,
along with mutagenesis, to better characterize the mechanism of regulation
by PKC.
Supported by NIH R01-NS 31583, Baylor Mental Retardation Center
P30-HD24064, Klingenstein Fellowship Award.

PHOSPHATASE 2B (CALCINEURIN) PROMOTES LOW OPEN PROBABILITY
BEHAVIOUR IN LARGE CONDUCTANCE CALCIUM-ACTIVATED
POTASSIUM CHANNELS IN CULTURED HIPPOCAMPAL NEURONS.
G.A.Hicks. B.A.Perrino. and N.V. Marrion*. Vollum Institute, O.H.S.U., Portland,
Oregon 97201.
Phosphorylation and dephosphorylation can modulate the activity of large
conductance calcium-activated potassium (BK) channels. We are investigating the
potential role of the calcium/calmodulin dependent phosphatase, calcineurin, in
modulation of BK channels in rat hippocampal neurons. BK channel activity was
recorded from 'inside-out' patches in isotonic potassium with Ca2+ buffered with
EGTA. Channel open probability (Po) was dependent upon membrane potential and the
[Ca2+ ] in the bathing solution. For example, in 3 patches held at +20mV, the mean
Po was 0.25 in the presence of lgM Ca2+ and 0.92 in lOpM Ca2+. Channel activity
was, however, observed to vary significantly between patches under the same
conditions of membrane potential and [Ca2+]. With a [Ca2+] of lpM, channel Po
ranged from 0.02 to 0.66 at a membrane potential of +20mV. This variability suggests
that channel activity may be under the control of factors other than voltage and [Ca2+].
A calcium-calmodulin independent form of calcineurin (92 or 120nM) was applied to
patches in the presence of either 1 or lOpM [Ca2+ ] in which Po was >0.3. In 6 out of
8 patches a reduction in Po was observed. The reduction was either sustained (n=4) for
the duration of the calcineurin application, or transient (n=2), channel activity returning
to control levels before application was ceased. The vehicle alone had no effect (n=4).
The sustained response consisted of a 50-100% reduction in Po and was fully reversed
in 3 of the 4 patches when calcineurin application was ceased. The transient response
consisted of one or more transient reductions (30-90%) in Po over the first minute of
calcineurin application followed by a return to control levels. Preliminary evidence
suggests that the reduction in Po is due to an increase in closed duration with no
change in mean open time. Both the reversal of the sustained response and the transient
nature of other responses suggests that an active kinase and ATP may be present in the
excised patch. Inhibitors of protein kinases will be used to investigate this possibility.
(This work was supported by The Wellcome Trust.)

719.5

719.6

PHOSPHORYLATION OF CB-1 BY PROTEIN KINASE C.
K, Mackie*. D.E, GGcia. A. Perdichizzi. P. H HU and BJx Murphy.
Departments of Anesthesiology, Physiology cnB Biophysics, cnB
Pharmacology, Univ. of Wash., Seattle, WA 98195-6540. *Pcnlcbs,
Bothell, Wa 98011-8805.
Neurotransmitters that stimulate protein kinase C (PKC) in neurons
disrupt activation of inwardly-rectifying potassium currents (Kjr current).
In AtT-20 cells transfected with rat brain cannabinoid receptor (CB-1),
stimulation of PKC by pretreatment with 100 nM PMA blunted the
activation of Kir current: In cells treated with the inactive phorbol ester,
100 nM 4a^-f^hc^rbol, the cannabimimetic, 100 nM WIN 55,212-2,
increased Kir current (5.2± 0.9 pA/pF, n=23 ) while in cells treated with
the active analog, 100 nM PMA, WIN 55,212-2 stimulation was blunted
(2.2±0.5 pA/pF, n=16). This may be a consequence of CB-1
phosphorylation by PKC. To address this issue we studied
phosphorylation of CB-l-glutathione-S-h•cnsfercse (GST) fusion
proteins corresponding to the intracellular domains of CB-1. GST was
not a substrate for PKC. The fusion protein corresponding to the third
intracellular loop was heavily labeled by PKC. The first and second
loops were phosphorylated to a lesser extent and the carboxy terminus
was poorly phosphorylated. Phosphoserine was the only phosphoamino
acid detected. Hence, PKC stimulation blunts cannabinoid activation of
K[r current, and CB-1 intracellular domains potentially involved in G
protein coupling are PKC substrates.
(Supported by NS01588, NS08174, DGAPA IN203293 and DA09203.)
iKoyanao, et al. Eu. J. Neurosci. 5:1189, 1993.

TYROSINE PHOSPHORYLATION DOWN-REGULATES A
CLONED VOLTAGE-GATED K+ CHANNEL. D .A. Fadool*. K.S .
Berman. T.C. Holmes, and I .B. Levitan. Dept, of Biochem. and Center
for Complex Systems, Brandeis University, Waltham, MA 02254.
We are studying the regulation of ion channels by protein tyrosine
kinases (TKs) using a cloned voltage-dependent potassium channel,
Kvl.3, as a model. Kvl 3 channels are studied by transient expression
of their cDNAs in human embryonic kidney (HEK 293) cells using
lipofectamine transfection. We have demonstrated previously that Ky 1 3
tyrosine phosphorylation increases following co-expression with the
constitutively active cellular TK, v-src. The functional correlate of such
tyrosine phosphorylation was examined by patch-clamping HEK 293
cells in the cell-attached configuration. Kvl.3 transfected cells exhibit
a characteristic slowly inactivating macroscopic current in response to a
depolarization from -80 to +40 mV; this current is absent in cells cotransfected with Kvl.3 and v-src. However, the Kvl.3 current is
observed when co-transfected cells are treated for 7 min to 24 h with
either of three different TK inhibitors: 50 pM genestein, 50 pM ST638,
or 1.7 pM herbimycin A. Diadzein (59 pM), the inactive structural
analog of genestein, does not produce this effect. We have constructed
single point mutants (Y to F) of Kvl.3 at putative tyrosine
phosphorylation consensus sequences. Mutation of residue 449 near the
C-terminus (Y449F) generates a mutant channel that has similar kinetic
properties to the wild-type Kvl .3. However, the Y449F mutant channel
is not down-regulated by co-transfection with v-src. This suggests that
tyrosine phosphorylation down-regulates the Kvl.3 channel, and that
residue Y449 is a specific target for TKs.

719.7

719.8

EXPRESSION OF THE VOLTAGE-DEPENDENT POTASSIUM
CHANNEL Kvl.3 DECREASES CELLULAR TYROSINE
PHOSPHORYLATION. T.C. Holmes*. K.S. Berman. M .R. Bowlbv and
I .B. Levitan, Dept. of Biochemistry and Center for Complex Systems,
Brandeis University, Waltham, MA 02254.
Tyrosine phosphorylation modulates the properties of the Kvl.3 K+
channel. To determine whether Kvl.3 activity in turn alters tyrosine
phosphorylation, human embryonic kidney (HEK 293) cells were
transfected by lipofection with cDNAs coding for control-vector, Kvl.3
and/or the constitutively active v-src tyrosine kinase. The expression of
these proteins was verified in cell lysates by western blot analysis using
specific antibodies. Protein tyrosine phosphorylation (PYP) in cell
lysates was detected by western blot analysis using phosphotyrosine
specific monoclonal antibodies. Treatment with the membrane permeant
tyrosine phosphatase inhibitor per-vanadate (250 pM, 5-60 min) results
in robust increases in PYP in control-vector transfected cells. Kvl.3
transfected cells exhibit 40-50% lower PYP following per-vanadate
treatment as compared to control cells, without any change in the protein
levels of cellular kinases. Thus, Kvl .3 expression inhibits the activity of
endogenous tyrosine kinases. Similar Kvl.3 induced decreases in PYP
are observed in cells co-transfected to express the channel together with
v-src. Transfection with a non-conducting mutant (W386F) Kvl 3
channel does not cause a decrease in PYP. Thus potassium channel •
activity can modulate tyrosine kinase signal transduction pathways.

THE EGF RECEPTOR TYROSINE KINASE INHIBITS THE
VOLTAGE-DEPENDENT POTASSIUM CHANNEL Kvl.3. MR.
Bowlbv*. T.C. Holmes and IB . Levitan. Dept, of Biochem. and Center
for Complex Systems, Brandeis University, Waltham, MA 02254.
The epidermal growth factor receptor (EGFr) tyrosine kinase is known
to directly tyrosine phosphorylate a variety of targets within cells, as well
as couple to several downstream serine/threonine kinase signaling
pathways. We have been examining modulation of the voltage-dependent
potassium channel, Kvl .3, by the EGFr. cDNA's for the human EGFr and
Kvl.3 were expressed in HEK 293 cells using lipofectamine reagent.
Expression and tyrosine phosphorylation levels of Kvl.3 and other EGFr
substrates were detected using biochemical techniques, while Kvl.3
activity was measured by patch clamp recording. Co-expression of the
EGFr and Kvl.3 results in a large increase in the tyrosine
phosphorylation of Kvl.3, without affecting its expression.
Physiologically, co-expression of the EGFr and Kvl.3 produces a
decrease in peak current levels as compared with co-expression of Kvl.3
and vector control. Treatment of EGFr and Kvl .3 co-transfected cells,
with an inhibitory EGFr ligand binding domain antibody, blocks the
EGFr-induced downregulation of Kvl.3. In addition, acute EGF
treatment of co-transfected cells produces a decrease in peak current and
some speeding of inactivation kinetics. The physiological modulation
may be due to direct tyrosine phosphorylation of the channel, or may
occur via downstream signaling events.
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719.9

THE DROSOPHILA SLOWPOKE (dSlo) CALCIUM-DEPENDENT
POTASSIUM CHANNEL IS A SUBSTRATE FOR PROTEIN
KINASES. J. Wang* and I. B. Levitan. Dept. of Biochem. and Center
for Complex Systems, Brandeis University, Waltham, MA 02254.
The activity of the cloned calcium-dependent potassium channel dSlo
can be modulated by protein phosphorylation (Esguerra et al, 1994). To
determine whether dSlo is a substrate for protein kinases, partial dSlo
sequences were expressed in E. coli as glutathione-S-transferase fusion
proteins. Purified fusion proteins were examined for their ability to be
phosphorylated in vitro by protein kinases. One fusion protein containing
dSlo residues 821-993 is readily phosphorylated by both protein kinase
A catalytic subunit (PKA) and protein kinase C (PKC). In contrast, a
corresponding mutant fusion protein in which the serine residue at
position 942 (S942), within a consensus PKA site, is replaced by alanine
(S942A), cannot be phosphorylated by either kinase under the same
assay conditions. These results indicate that S942 can be phosphorylated
by both kinases in vitro. Another fusion protein containing the last 828
residues (337-1164) of dSlo, a proposed cytoplasmic domain of the
channel protein, can also be phosphorylated by both kinases. An S942A
mutation abolishes the phosphorylation by PKA, suggesting that S942
is the only target for PKA in this long stretch of protein sequence.
However, the same mutant protein can still be phosphorylated by PKC,
indicating the presence of other serine or threonine residues accesible to
PKC.

719.10

REGULATION OF POTASSIUM CHANNEL EXPRESSION IN
DEVELOPING GnRH NEURONS BY FIBROBLAST CONTACT. Martha
M. Bosma*. Dept. Pharmacology, Univ. Washington, Seattle WA 98195.
GnRH neurons in the adult animal are situated in the hypothalamus, but are embryonically derived from the peripheral
olfactory placode, making them a unique system in which to
study CNS neurons during migration and development.
GnRH
neurons
were
enzymatically
dissociated
from
olfactory
placodes isolated from El 1.5 mouse embryos, currents recorded

using whole cell patch clamp, and cells identified by immunocytochemistry.
Isolated GnRH cells were compared with those
in contact with fibroblasts.
Isolated GnRH cells increased in
size (measured by cell capacitance) with time in culture from
2.8+0.2 pF (n=18) on day 1 to 11.8 + 2.7 pF (n=4) on day 5. From
days 1-5 peak outward current increased, but current density
remained low due to the increase in cell size (day 1, 10.6+.1.8
pA/pF; day 5, 6.3+1.8 pA/pF).
50% of these isolated cells
expressed a small transient inward current.
In contacted
cells, outward currents were larger on day 2 (15.8+.2.7 pA/pF,
capacitance 6.6 +1.3 pF, n=5), and increased on days 3-5 (day 5,
35.5 + 9.1 pA/pF, capacitance 6.5++).6, n=4).
In addition, these
cells expressed a large transient inward current.
Immunocytochemistry with an antibody specific to the Shaker subfamily potassium channel mKvl.l demonstrated expression of
this protein in the isolated GnRH neurons.
Supported by the
Andrew W. Mellon Foundation.

719.11

719.12

EFFECT OF DOCOSAHEXAENOIC ACID ON mKvl.l AND
mKvL2 K+ CHANNELS. Jennifer C. Garratt. Matthew P. Mc Evov
and David G. Owen* Molecular Pharmacology, Wyeth Research,
Taplow, Berkshire, SL6 OPH, UK.
Docosahexaenoic acid (DOHA) is a long chain polyunsaturated fatty
acid which is abundant in fish oil. External administration of DOHA
caused a time dependent block of the cardiac channel, Kv1.5 (Honore et
al, 1994). Using whole-cell patch clamp, the potassium channelblocking effects of DOHA were examined on two cloned mouse brain
potassium channels, mKvl.l and mKv1.2 stably expressed in Chinese
hamster ovary cells. Transfected cells expressed a non-inactivating,
"delayed rectifier"-type potassium channel; mKv1.2 has a slower
activation rate. For purposes of quantifying dose-dependent block of
these currents overall charge transferred during the voltage step (Qstep)
was measured. External administration of DOHA produced a dosedependent, reversible block of mKvl.l (EC5o =7.7ji M) and mKy1.2
(EC5o=2.1 piM). Blockade of these channels is time-dependent eg at +70
mV for mKvl.l DOHA (15jiM) the time constant of deactivation (td )
was 52.5±4.5ms and for mKv1.2 DOHA (10pM) was 11.6± 0.34ms.
The time constants of the DOHA induced decay of mKvl.l and mKv1.2
decreased in a concentration-dependent fashion. Interestingly DOHA
was found to increase the rate of activation of mKv1.2 (0.86±0.02ms
compared with control value 1.78+0.14ms). Internal administration of
DOHA (300gM) did not alter either mKvl.l or mKv1.2 current. These
findings suggest that DOHA blocks both mKvl.l and mKv1.2 channels
at a site which is only accessible via the external mouth of the channel
and only once the channel is open.

THE EFFECTS OF THREE DENDROTOXINS AND 4-AMINOPYRIDINE
ON AN ENDOGENOUS OUTWARD CURRENT AND A
HETEROLOGOUSLY-EXPRESSED POTASSIUM CHANNEL(rKvl. l) IN
HEK-293 CELLS. F. Heblich. M. Minchin* and D. G. Owen.
Electrophysiology Laboratory, Molecular Pharmacology Department, Wyeth
Research (UK), Huntercombe Lane South, Taplow, Berks, SL6 OPH.
Using the whole cell patch clamp technique we have examined the
electrophysiological characteristics of the cloned potassium channel, rKvl.l
(RCK1), stably-expressed in HEK-293 cells. The steady-state conductancevoltage relationship for rKvl .1-expressing cells was best fitted with a two
component Boltzmann function, consistent with the presence of an
endogenous current in the HEK-293 cells. Examination of untransfected celh
revealed in many cases, an endogenous outward current, activated by
depolarization with amplitudes of up to ca. 600pA (measured at +45mV; Vh
= -90mV). The conductance-voltage relationship of the endogenous current
was fitted by a single component Boltzmann function, with a slope equivalent
to that of the second component of the conductance curve obtained in
transfected cells. 4-aminopyridine (4-AP) and three dendrotoxin (Dtx)
homologues, toxin K, at- and 8-Dtx blocked rKvl.l currents in a dosedependent manner. IC50s were 195gM, 241pM, 23nM and 130pM,
respectively, compared to IC50s of 2.5nM for toxin K (Robertson et al, 1994.
J. Physiol., 481(P), 4IP) and 5nM for a- and InM for 8-Dtx (Wittka & Pongs

personal communication) vs rKvl.l when expressed in oocytes. Whereas,
high concentrations of 4-AP and toxin K blocked all voltage-activated current
a and 8-Dtx blocked ca. 80% max. All of the blockers caused a two-fold
slowing of the activation time constant (in) of rKvl.l (e.g. lOnM 8-Dtx
lengthened tn from 0.9510.15ms to 2.5±0.35ms at +45mV ,n=4). It could
therefore be suggested that toxin K, a-Dtx, 8-Dtx and 4-AP hinder the
allosteric changes which occur as the channel opens. Thanks to Prof. O.
Pongs for the rKvl.l cell-line and Dr. B. Robertson for helpful discussions.

719.13

719.14

STUDIES ON THE N-TYPE INACTIVATION OF THE MOUSE Kvl.l CHANNEL
INDUCED BY THE Kv3.4 BALL PEPTIDE. G. J. Stephens. D. G. Owen. A.
Ooalko. M. R. Pisano. W. H. McGregor & B. Robertson*. Wyeth Research (U.K),
Taplow, Berkshire SL6 OPH, U.K. and Wyeth-Ayerst, Radnor, PA 19101, U.S.A.
A 28-mer peptide based on part of the N-terminal of the human Kv3.4 K+ channel
(NlelSSVCVSSYRGRKSGNKPPSKTCLKEE) transforms the mouse brain cloned K+
channel, mKvl.l, from a non inactivating to a rapidly inactivating current. Using the
whole cell patch clamp technique to examine this 'ball and receptor' model system in
Chinese hamster ovary cells, we have probed some of the residues important for N-type
inactivation by introducing various mutations and deletions to the hKv3.4 peptide.
The sensitivity of hKv3.4 peptide to redox modulation is critically dependent on the
cysteine at position 6 (Stephens & Robertson; J. Physiol. 484, 1-13). Cysteine to
serine substitutions destabilised the inactivated state of the mKvl. 1/3.4 peptide
channel, but did not abolish inactivation. Control time constant of recovery from
inactivation (xrec.) at -90 mV was 1.3 ± 0.1 s (n=9); this was faster in the mutants

ACCESS OF SUBSTANCES TO POTASSIUM CHANNELS IN
XENOPUS* OOCYTES: INFLUENCE OF FOLLICULAR TISSUES.
M. Madeja*. U. MuBhoff and E.-J. Speckmann. Institut fur Physiologie, Robert-Koch-Str. 27 a, D-48149 Munster, Germany
Oocytes of Xenopus laevis are a widespread model system to express
and characterise neuronal ion channels and receptors. Concerning the
investigations of these molecules, however, it is unclear, if the oocytes’
follicular tissues reduce the access of substances to the molecules
expressed. In order to shed some light on this, the effects of various
blocking agents on currents of voltage-operated Kvl.l potassium
channels were studied in oocytes with and without follicular tissues.
The experiments revealed the following: (i) Each tested blocking
agent was more effective when applied to oocytes without follicular
tissues. This was found true for ions (lead, barium), smaller molecules
(TEA, 4-AP, diltiazem, nifedipine, verapamil, pentylenetetrazol) and
large molecules (DTX, MCDP; n = 9 to 21 each), (ii) The concentration-response curves were shifted to the left in oocytes without follicular
tissues. The ICso values in oocytes with and without tissues were 4.1
and 1.0 mmol.1 for TEA and 30.0 and 1.2 p.mol/1 for lead, respectively,
(iii) The times needed to reach the half-maximal blocking effect (t»)
were reduced in oocytes without follicular tissues. The to values in
oocytes with and without tissues were 0.33 and 0.07 s for TEA, 8.8 and
2.4 s sor DTX and 4.4 and 0.2 s sor read, rerj:>ectively.
On a whole, the follicular tissues appear to reduce the sensitivity of
the potassium channels to blocking agents. This ’barrier effect’ has to
be considered in pharmacological work on oocytes.

C6S (0.2 ± 0.04 s; n=3), C24S (0.6 ±01 s; n=4) and C6S, C24S (0.3 ± 0.02 s;
n=7). The apparent Kq (control = 8 ± 2 pM; n=7) was most drastically reduced by the
double mutant C6S, C24S (44 ± 9 pM; n=5) and C24S (22 ± 8 pM; n=6), but not by
C6S (12 ± 5 pM; n=4). Deletion of the five residues preceding C6 (A 1-5) reduced the
apparent affinity of the peptide (K< = 33 ± 12 pM; n=7); this deletion most noticeably
affected association rate (Kon), with the control value of 0.31 ± 0.05 xlO^MN'1

(n=7) being reduced to 0.05 ± 0.01 xlOM'^s'1 (n=4) for Al-5. In contrast, deletion
of the four residues after C24 (A25-28) caused an increase in Kon to 0.78 ±016
x 1O6m Ms ’ 1 (n=8); A25-28 had a Kj of 6 ± 2 pM (n=8). The results indicate that
neither cysteine residue is essential for N-type inactivation, but that their presence does
stabilise the inactivated state and that residues closest to the N-terminal may be
important for occupation of the ball receptor. It is hoped that such studies will reveal
more about the processes of inactivation, and possibly its potential for modulation.

Society

for

Neuroscience

, Volume 21, 1995

1829

1830

POTASSIUM CHANNEL PHYSIOLOGY, PHARMACOLOGY AND MODULATION III

WEDNESDAY PM

719.15

BKca -CHANNEL PHARMACOLOGY: A COMPARISON BETWEEN
CLONAL and recombinant
cell lines
R. Wittka* and T. Glaser. Institute for Neurobiology, Troponwerke
GmbH & Cn.KG, Burlisuretr. 156, D-51063 Knuls, F.R.G.

Cn2+-ruyulntud ontseeium (K)-chnssule nf Inryu cnsdrctnscu (BKcy-chnssule)
nru eiduly distributed is ouriohurnl tieeuue ne eull ne is thu custrnl survnue
eyetum (CNS) nsd nru nlsn uxprueeud is n vnriuty nf suurnl cull lisue iscludisy
PC-12, NG108-15, C6-BU1 nsd GH3 culls. Thu BK^-chassuls Ornm
drosnohiln (deln), mnueu (meln, 1) nsd humns brnis (2) hnvu rucustly buus
clnsud nsd etnbly uxorussud is CHO culls. Thu nim nf thu orueust study ens
tn cnmonru thu ohsrmncp|pyicsl ornOilue nf BKcg-chassule uxorueeud is rat
ylinmn C6-BU1 nsd oituitnry GH3 culls eith thneu is rucnmbisnst CHO culls
trasefuctud eith dsln (PTS2, from O. Pnsye) nr meln (from L. Sn^ff) by
munss nf rubidium (Rb) ufflux. Fnr s sumbur nf BKca-chnssul blncaurs
iscludisy chsrybdptpxis, iburintexis, tutrnsdrisu, quisisu nsd thu
dihydrooyridisus sitrusdioisu, sicnrdioisu nsd simndioisu ynnd nsd
siysiOiscast cnrrulntipss nf IC^-valuus from ishibitins nf ipspmycis-etimulstud
Rb-ufflux from C6-BU1, PTS2 'nsd msln culls euru nbteisud. Hneuvur, thu
OPtuscius nf thu cpmopusds euru yusurolly s^muehnt Ineur is thu
rucpmbissst culls, usoucinlly thu tews euru uo tn 30-fnld luss nctivu. Thu
isdnlu n^nid onsonlicisu, ruonrtud tn blnck BK^-j-c^^a^ssuls (3) did snt ishibit
thu Rb-ufflux from uithur culls. Mnrunvur, is ontch clnmo rucnrdisys from
GH3-culls usisy uithur nutsidu-nut nr idsidu-put ontchue this cpmppusd did snt
siysificnstly blnck sisylu BKcg-thansele. Thu orusust dntn ruvunl vury similar,
if snt idustical, phsrmscp|pyicnl ornfilus nf BKca-chsssule nf C6-BU1, GH3
nsd rucnmbisast culls.
1. Butlur ut al„ Sciuscu ,261,221 (1993)
2. Denrutzay ut al., Mpl.Braid Rusuarch, 27,189 (1994)
3. Ksaus ut al., Binchumistry, 33,5819, (1994)
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720.2

CHARACTERIZATION OF [125|]-a-DENDROTOXIN BINDING TO A STABLE
CELL LINE EXPRESSING THE RAT VOLTAGE-DEPENDENT POTASSIUM
CHANNEL Kv1.2. D .M. Puareall*. S.P. Naepechia. K.J. Rhndue asd L.E.
Schuchtur. Wyuth-Ayuret Rusuarch, CNS Disbrdurs) Puarl Rivur, NY 10965.
Alpha-Dundrotpxis (a-DTX) is a ontust blncaur nf pptassium (K+) currusts
asspciatud eith Kv1.1, Kv1.2 asd Kv1.6 vnltayu-yatud K+ chassuls. Thu
rask nrdur nf pptudcy duturmisud by uluctrpohyeip|pyical tuchsiquu is
clnsal cull lisus nr nncytue fnr a-DTX is : Kv1.2 > Kv1.1 > Kv1.6.
Furthurmpru, binchumicnl etudiue havu ruvualud that Kv1.2 ie thu majnr
cpmppsudt nf thu DTX-sussitivu rucuotnrs is brais. Thu orueust study
characturizud thu radipliyasd bisdisy ornfilu nf [l25|]-a-DTX tn thu rat Kv1.2
subusit stably uxorussud as a hnmnmuric chassul. Thu cDNA fnr Kv1.2
(RAK) eas subclnsud istn a mammalias uxprussipd vuctnr (oREP9)
cpdtaisisy a sunmycis rueistascu yusu. Subeuquustly, thu olasmid eas
trassfuctud usisy lipofectamidu istn LMTK- culls ehich euru yrnes is thu
orususcu nf sunmycis tn suluct fnr culls uxoruseisy thu Kv1.2 subusit.
Isdividual clnsus euru isitially scruusud fnr uxoruesiPd nf Kv1.2 by
immuspcytpchumistry usisy as afisity-ourifiud onlyclnsal adtibbdy tn thu rat
Kv1.2 subusit asd latur cnsfirmud by [125|].a-DTX radinliyasd bisdisy.
p25|]-a-DTX bisdisy tn ehnlu culle uxoruesisy thu rat Kv1.2 chassul eae
saturablu asd nf hiyh affisity eith a calculated Kd asd Bmax nf 128 ± 17 oM
asd 33 ± 9.9 fmnl/my orntuis, rusouctivuly. Thu rask n^ur nf ontusciue fnr
K+ chassul blncaurs eas Maryatoxis (0.66 ± 0.12 oM) > Stichndactyla Tnxis
(30 ± 11 oM) > a-DTX (24 ± 8 oM) = Charybdptnxid (CTX;23 ± 3 oM) > Mast
Cull Duyrasulatisy Puotidu (588 ± 86 oM). Isturustisyly, thu Hill cbuOiciudt
fnr CTX eas siysficastly clneur tn usity is thu Kv1.2 cull linu as cnmoarud tn
oruvipus rusults is rat brais. Althnuyh Kv1.2 olays as imon'lnst rnlu as a
DTX-sussitivu eubusit is brais, thu pharmacnlpyical ornfilu nf p25|]-a-DTX
bisdisy diffurs siydificadtly buteuus brais asd thu c Iiss I Kv1.2 cull lisu.

BEHAVIORAL EFFECTS OF THE POTASSIUM CHANNEL BLOCKER 4AMINOPYRIDINE AND ITS STRUCTURAL ANALOGS. R. Brandsgaard*. J.E.
BarretL S. Thomas and S. Rosenzweig-Lipson. Wyeth-Ayerst Research, CNSBiology, Pearl River, NY 10965.
Biochemical and electrophysiological studies have demonstrated that 4aminopyridine (4-AP) and its structural analogs are blockers of voltage-dependent
potassium (K) channels. However, few studies have evaluated the behavioral effects
of this group of compounds and several studies have suggested that many of the
analogs have limited CNS penetrability. In the present study, rats (N=6) were trained
to discriminate 4-AP (1 mg/kg s.c) from saline in a two-lever drug discrimination
procedure. 4-AP (0.3-1.7 mg/kg) produced dose dependent increases in responding
on the drug appropriate lever with moderate rate decreasing effects at the highest
dose. After the discrimination was established, substitution tests woe conducted
with the structurally related analogs 2-AP, 3-AP, 3,4-diaminopyridine (3,4-DAP),
2,6-DAP, and pyridine HCl. Like 4-AP, 3-AP (1-10 mg/kg) and 2,6-DAP (0.317.8 mg/kg) substituiedfdllu ln idlanimidstested. 2-AP (1 -30 mgdq/)substituied
fully in 4 of 5 rats and 3,4-DAP (3-17.8 mg/kg) substituted fully in 3 of 6 rats.
Pyridine (3-100 mg/kg) only substituted fully in 1 of 5 rats. In general, doses of
the aminopyridines that substituted for 4-AP had little effect on response rates. The
rank order of potency and efficacy for substitution was 4-AP>3-AP>3,4-DAP>2AP»pyridme.
4-AP and its analogs including 2,3-DAP and 4dimethylaminopyridine (4-DMAP) were also evaluated for their convulsant effects
in mice. With the exception of pyridine, all compounds produced dose-dependent
increases in the percentage of mice exhibiting clonic convulsions. The rank order of
potency for producing convulsions was 4-AP>2,3-DAP=3,4-DAP>3-AP>4DMAP>2-AP>2,6-DAP»pyridine. The present results demonstrate that 4-AP and
its analogs have similar behavioral effects in rodents that are likely due to their
actions at CNS K-channels.

720.3

720.4

ANTIDEPRESSANT-LIKE
EFFECTS
OF
POTASSIUM
CHANNEL
BLOCKERS. T.M.K. Trella*. S. Thomas. A. Thurman. J.E. Barrett and S.
Rosenzweig-Lipson. Wyeth-Ayerst Research, CNS Biology, Pearl River, NY
10965.
The antidepressant-like effects of the potassium channel blockers 4-aminopyridine
(4-AP) and quinine were compared with those of imipramine in three animal models
(tail suspension test, forced swim test, DRL-72 sec schedule) that are sensitive to
clinically effective antidepressants.
For the tail suspension test, mice were
suspended upside down by their tails and the duration of immobility was scored
during a 6-min test session. For the forced swim test, rats were placed in a cylinder
of water for a 15-min swim pretest. A subchronic dosing procedure was used, with
injections occuring 30 min, 19 hours and 23 hours following the swim pretest. At
the 24th hour, rats were placed in a cylinder of water and the duration of immobility
was scored during a 5-min swim test session. For the DRL 72-sec schedule, rats
were trained to lever press for a food pellet reinforcer. A response was reinforced
only if it occurred 72-sec after the previous response or the start of the session.
Both 4-AP and imipramine produced antidepressant-like effects in all three animal
models. 4-AP, like imipramine, produced dose-dependent decreases in immobility
time in the forced swim and tail suspension tests.
In addition, both 4-AP and
imipramine dose-dependently increased the number of reinforcers earned and produced
modest decreases in response rate in rats responding under a DRL 72-sec schedule.
Quinine produced antidepressant-like effects in two of three animal models. Quinine
produced dose-dependent decreases in immobility time in the forced swim test, but
did not affect immobility time in the tail suspension test. Quinine also produced
dose-dependent increases in the number of reinforcers earned and produced modest
decreases in response rate in rats responding under a DRL 72-sec schedule.
The
present results suggest that K-channel blockers may have therapeutic potential as
antidepressant drugs.

5-HT2A RECEPTOR INVOLVEMENT IN THE
EFFECTS OF THE
POTASSIUM CHANNEL BLOCKER 4-AMINOPYRIDINE. AT. Gorman* . S .
Rosenzweig-Lipson and L.E. Schechter. Wyeth-Ayerst Research, CNS Disorders,
Pearl River, NY 10965.
Previous studies have shown that the potassium (K+) channel blocker 4aminopyridine (4-AP) induces wet dog shakes, forelimb and head movements, and
tremors in rats. Since these behaviors resemble those produced by 5-HT2A agonists,
the present studies were conducted to determine whether 4-AP-induced behavioral
changes were mediated by 5-HT2A receptors. In the first study, rats were pretreated
with the 5-HT2A receptor antagonist ketanserin (3 mg/kg ip) 30 min prior to
administration of 4-AP (1 or 3 mg/kg sc) or saline (S). During the 30 min postinjection period, 4-AP increased the number of wet dog shakes (Mean±SEM: S=0,
1 mg/kg=19±6, 3 mg/kg=14+5) and the number of rapid repetitive forelimb
movements (S=0, 1 mg/kg=19±8, 3 mg/kg=14±8). Ketanserin pretreatment
attenuated both 4-AP-induced effects (Wet dog shakes:S=0, 1 mg/kg=4±3, 3
mg/kg=6±2; Repetitive forelimb movements:S=0, 1 mg/kg=2tl, 3 mg/kg=6±4),
suggesting 5-HT2A receptor modulation of these behavioral responses. To
characterize further the pharmacological properties of 4-AP, rats were injected with
either 4-AP (1 mg/kg sc) or saline once daily for 3 weeks, and sacrificed 24 hours
after the last injection for tissue collection. In whole cortical membrane
preparations, 5-HT2A receptors were labeled with pHjketanserin (0.15-5 nM), and
non-specific binding was defined by 1 |iM cinanserin. A significant decrease in
Bmax was detected in the cortex of rats chronically treated with 4-AP (Mean+SEM
(fmol/mg): saline=306±57; 4-AP=157±30), with no significant changes in K
noted. Therefore, chronic 4-AP treatment resulted in a down-regulation of 5-HT2A
receptors, an effect associated with antidepressants (see Trella, this meeting). The
results indicate that 4-AP-induced effects may be partially mediated by 5-HT2A
receptors. These data are consistent with the in vitro results of Schechter (this
meeting) who found that 4-AP stimulates pH]5-HT release. Taken together, the
results suggest that K+ channel blockade modulates serotonergic neurotransmission.
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A Novel Neuroselective Agent Producing Glibenclamide-insengitive, Independent Hyperpolarization. J.C. Chisholm* J.N. Davis and E.J.
Hunnicutt, Jr. , institute for Dementia Research, Bayer Corp., West
Haven, CT 06516
Although the widespread presence and diversity of K+ channels make
them a potential site of selectivity for pharmacologic intervention,
there are far more classes of K+ channel characterized than there are
pharmacological agents known to interact with them. We reported a
novel hyperpolarizing activity found in BAY x 9227, an enantiomer of a
K+ATp channel activator, which differed from the latter in important
ways: it is remarkably potent (EC50 3 picomolar), with greater than
1000-fold selectivity for neurotypic over vascular smooth muscle
cells, and is not blocked by the K+a tp channel blocker, glibenclamide
[Eur. J. Pharm. 261 :R1 (1994)]. We now report that one strain of N1E115 neuroblastoma cells, which was unresponsive to K+atp agents and
showed no hyperpolarization in response to ATP depletion (produced by
application of oligimycin and 2-deoxy-D-glucose), responded with
hyperpolarization to 30 pM BAY x 9227. Hyperpolarizing activity is
eliminated by removing the electrochemical driving force for K+ out of
the ' cell. Finally, functional correlates to the hyperpolarization
produced by BAY x 9227 include inhibition of depolarization-induced
elevations in neuronal [Ca2+]j, protection from glycine(Mg2+-free)induced neurotoxicity and inhibition of depolarization-induced insulin
release from RINm5F cells, all produced by concentrations of BAY x
9227 less than 30 pM. In combination, these data implicate a site other
than classic K+Ayp channels for mediation of the potent effects of this
compound, and suggest a novel site for therapeutic intervention.

A BASELINE CHANNEL IN APLYSIA NEURONS IS INHIBITED BY
FMRFAMIDE AND HALOTHANE.
Bruce D. Winegar*. John R.
Forsavefh. and C, Spencer Yost. Department of Anesthesia,
University of California, Scan Francisco, San Francisco, CA 94143-0648.
We have studied volatile anesthetic actions on single
noninactivating ion channels in the nervous system of the marine
mollusk, Aplysia califomica. Outward single-channel currents were
recorded from pleural ganglion neurons with artificial seawater in
the recording pipette. Several distinct baseline channels were
observed, including a voltage-insensitive, noninactivating channel
with a linear slope conductance of ~40 pS that reversed at —40 mV.
The channel was active in cell-attached and excised patches and
was insensitive to external 10 mM TEA. Channel activity was
completely inhibited in the presence of 3 pM FMRFamide (Phe-MetArg-Phe-NH2). A reversible decrease in the channel mean open
probability was produced by perfusion with 400 pM (0.008 atm)
halothane. which shortened the open times but did not affect the
current ampiitudes. Our results demonstrate that a disttnct baseline
channel is inhibited by clinical concentrations of volatile
anesthetics. Baseline channels contribute to the resting membrane
potential and may be possible target sites that mediate volatile
anesthetic actions.

720.7

720.8

ORGANIC AMINE BLOCKADE OF DOPAMINE-MODULATED
K+ CHANNELS ON RAT CAUDATE-PUTAMEN NEURONS.
Yong-Jian Lin* and Jonathan E. Freedman.
Dept.
Pharmaceutical Sciences, Northeastern Univ., Boston, MA
02115.
Using cell-attached patch-clamp recording from freshly dissociated rat corpus striatum neurons, we are studying the blockade properties of an inwardly-rectifying 85 pS K+ channel, which
is activated by D^-like dopamine receptors. Previous studies
showed that this channel was sensitive to sulfonylurea drugs,
and was blocked by nanomolar concentrations of quinine and
related quinuclidine amines. Here, we found that both tetraethylammonium (TEA, 5 mM) and 4-aminopyridine (4-AP, 1
mM) partially blocked this channel when applied to the external
surface of the membrane via the patch pipette. Block was relatively voltage-insensitive, and was accompanied by a reduction
of open time and an increase of closed time. These cells also express other inwardly-rectifying K+-permeable channels with
conductances ^35 pS, which are dopamine-insensitive. In contrast to the 85 pS channel, these channels were largely insensitive to block by 10 mM TEA or 5 mM 4-AP. Our results indicate
that the dopamine-modulated K+ channel is blocked by various
organic amines with differing potencies, and that inwardly rectifying ion channels of the striatum are heterogeneous in their
sensitivities to blockade by these compounds.
(Supported by MH-48545.)

MECHANISMS OF DIHYDROPYRIDINE BLOCK OF
SHAKER
POTASSIUM CHANNELS. A. Kamath, K. Larson, E.F. Shibata*, and T.
Hoshi, Dept, of Physiology and Biophysics, Univ. of Iowa, Iowa City, Iowa
52242.
Dihydropyridines (DHPs) are well known as Ca2+ channel agonists and

antagonists. Recent evidence indicates that DHPs also affect voltagedependent K channels. Thus, we examined how DHPs affect Shaker K
channels expressed in Xenopus oocytes using the patch-damp method.
Nifedipine, nicardipine, nimodipine, and Bay K 8644 at 10 to 100 pM
induced a time-dependent reduction of the K currents of mutant Shaker
channels with disrupted N- and C-type inactivation (ShBA6-46 T449V). The
time course of the current decline induced by the DHPs was approximated
by one exponential. When applied intracellularly, the onset of the current
reduction was rapid and the effect was reversible. Single channel analysis
showed that the DHPs reduced the mean open time in a concentrationdependent manner without affecting unitary conductance.
Efficacy of the DHPs was dependent on residue 463 located in the S6
segment. This residue has been shown to influence C-type inactivation. The
estimated DHP off rate was much slower with isoleucine at this position
than with alanine. Since the DHPs induced an apparent inactivation, we
investigated whether they compete with N- or C-type inactivation. The
results suggest that the DHPs do not compete with either inactivation and
that they may work to accelerate the intrinsic inactivation rates.
Structural groups on different DHPs crucial in reducing K+ channel
currents were also examined. The estimated off rate was greater for
nifedipine and Bay K 8644 than for nicardipine, suggesting that the side
group at C3 may be important in determining the DHP efficacy. (Supported
by American Heart Association Iowa Affiliate, and Klingenstein Fellowship
to T.H. and an Established Investigatorship award from the AHA to E.F.S.)

720.9

720.10

PROSTACYCLIN ANALOG CARBACYCLIN INHIBITS CA2+ACTIVATED K+ CURRENT IN CULTURED BARORECEPTOR
NEURONS. Z. Li. H.Lq K, Bielefeldk M.W, Chapleau.* and F.M.
Abboud. Depts. of Physiol. & Biophys. and Internal Med., Univ. of
Iowa Coll, of Med. and DVA Med. Ctr., Iowa City, IA 52242.
In the isolated carotid sinus prostacyclin enhances arterial
baroreceptor (BR) sensitivity. We tested the hypothesis that the
mechanism involves inhibition of K+ currents. BR neurons from rat
nodose ganglia were dissociated and identified using retrograde label
with fluorescent dye (Dil) applied to the aortic arch two weeks earlier.
Whole-cell outward K+ current was recorded with standard patchclamp techniques and measured at 200 ms after depolarization from
-40 to +40 mV. Drugs were delivered by exchanging the bath solution.
The stable prostacyclin analog carbacyclin (CC; lOOpM) reversibly
inhibited the current to 65±6% of control (n=8). CC failed to inhibit
the current in the absence of Ca2+ in pipette and bath solutions (n=4).
Charybdotoxin (CTX; lOOiM), a specific blocker of Ca2+-activated K+
current (Ik -c «), inhibited the outward current (73±3% of control). CC
did not cause any further inhibition after CTX (n=6). Including
PKI5.24), a specific inhibitor of protein kinase A, in the pipette solution
abolished the inhibitory effect of CC (n=6). We conclude that
prostacyclin inhibits the CTX-sensitive Iko in BR neurons through a
protein kinase A-dependent pathway. This mechanism may contribute
to the sensitization of BR by prostacyclin.

NITRIC OXIDE ACTIVATES CALCIUM-DEPENDENT POTASSIUM
CHANNELS IN CEREBROVASCULAR SMOOTH MUSCLE CELLS.
C. Che^r^DDkAMMht^rsr. Dept.of Physioh^, IF^^ul^ of MMUcine,UUni
of B.C., Vancouver, B.C., Canada, V6T 1Z3
Nitric oxide is probably the major endothelium-derived relaxing factor
(EDRF). It is thought to relax smooth muscle cells by stimulation of
guanylate cyclase, accumulation of its product cyclic GMP, and cGMPdependent modification of several intracellular processes, including
activation of potassium channels through c^MP-dependent protein kinase.
Here we present evidence that sodium nitroprusside (SNP), a vasodilator
that decomposes into nitric oxide, can directly activate large conductance
calcium-dependent potassium channels (Kc channels) in cell-free, insideout membrane patches excised from cerebrovascular smooth muscle cells
of adult rats.
The Kc, channels studied here showed the conductance of 203±8.3pS
(mean ±s.e, n=15) between -80 and +80 mV in symmetrical 140 mM KC1
solutions. Bath solution contained (in mM): 140 KC1; 2.86 CaCh; 10
HEPES; 3 EGTA (free calcium concentration lpM). Patch pipettes
solution contained (in mM): 140 KC1; 1.48 CaCh; 10 HEPES; 3 EGTA.
Application of SNP (100 pM) to the bath solution enhanced the Kc
channel open probability by 1.6±0.12 times (meamts.e., n=15), particularly
the mean closed time of the channels was 0.6±0.05-fold (mean ±s.e., n=15)
that seen in control solution. However, no diference was found between
the conductances of SNP activated and control Kc channels.
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REDOX AND NITRIC OXIDE (NO)-DEPENDENT MODULATION
OF POTASSIUM CHANNELS OF SQUID STELLATE GANGLION
NEURONS. *W.F. Gillv. L.L. Moroz and R. Gillette*. Hopkins Marine
Station, Stanford University, Pacific Grove, CA 93950; Dept. Physiology,
University of Illinois, Urbana/Champaign, IL 61801.
Stellate ganglia (SG) are the main peripheral centers controlling
coordinated mantle contractions and jet propulsion in cephalopod molluscs.
In many species the SG giant fibre lobe (GFL) neurons fuse to form giant
motor axons. We have screened for distribution of putative NO .synthase
containing cells in SG of cuttlefish (Sepia officinalis, Rossia pacified) and
squid (Loligo opalescens) NADPH-diaphorase (NADPH-d) histochemistry.
Both Sepia and Rossia had either no or very low levels of NADPH-d
activity in SG. In contrast, intense NADPH-d labelling was detected in
Loligo around neuronal somata, mainly in the medial part of SG and in the
sheath of the stellate nerve axons (including giant axons). This suggests
that NO might modulate neuronal activity in squid SG. In experiments on
isolated, cultured GFL neurons we found that NO-donors (SNAP, DEA)
increase the rate and extent of inactivation of K-current in whole cell patch
recordings. The reducing agent DTT potentiated these effects when applied
extracellulary with the NO-donors. These effects were also seen in insect
Sf-9 cells in which the major K-channel gene expressed by GFL neurons,
squid Kvl.l (previously called KZ4, Perry et al., 1995 Biophys. J.,
66,:A105), was expressed via baculovirus infection. The action of NOdonors was not mimicked by 8-Br-cGMP and may arise from direct
modulation of K-channel proteins.

LINOPIRDINE, A NEUROTRANSMITTER RELEASE ENHANCER,
BLOCKS VOLTAGE-ACTIVATED POTASSIUM CURRENTS IN
HIPPOCAMPAL NEURONS. M.E. Schnee,-and-B.S. Bcq w j .*,
Preclinical Pharmacology, The DuPont Merck Pharmaceutical Co.,
Wilmington, DE 19880.
Linopirdine [9,3-bis(4-pyridinylmethyl)-l-phenylindelin-2-ene]
enhances the potassium-stimulated release of a number of
neurotransmitters from rat neocortex, hippocampus and striatum in
vitro without affecting basal release. Recently linopirdine was found
to block M-current in hippocampal CA1 neurons with an IC50 of
8.5 pM, a valae c lcsely paradeling i t’s I C50 for e nhancement 0 f
acetylcholine release (3.2 pM). To determine whether linepicdine
selectively blocks M-current, whole cell and outside-out patch clamp
techniques were used to examine its effects on other voltage-activated
potassium currents of CA1 neurons in rat hippocampal slices.
In whole cell experiments, the peak amplitude of the transient (Ia )
and sustained (Ik ) outward currents were reduced by bath
application of linepicdine in a dose dependent manner with an IC50 of
approximately 100 and >300 pM, respectively. Linopirdine also
markedly increased the rate of Ia inactivation. The mixed Na/K
inward rectifier, lQ, and lAHP were unaffected by up to 100 pM
linepicdine. In outside-out patch experiments on Ia , the IC50 was
approximately 30 pM for enhancing the rate of current inactivation
and >30 pM for reducing peak current amplitude.
These results support the hypothesis that limpi^ne is selective
for M-current at concentrations <10 pM. At 10 pM and above the
increased rate of Ia inactivation could also contribute to enhanced
neurotransmitter release.

720.13
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SR141716A Blocks

Cultured

Rat

Cannabinoid
Modulation
Hippocampal
Neurons

of

Potassium

A-CUrrent

In

Jian Mu. Robert E. Hampson. Shouyuan Zhuang. Virginia C. King and Sam A.
Deadwyler*. Dept. of Physiology & Pharmacology, and Center for the
Neurobiological Investigation of Drug Abuse, Bowman Gray School of Medicine,
Wake Forest Univ., Winston-Salem, NC 27157.
The potent cannabinoid agonist, WIN 55,212-2, modulates the voltagedependence of potassium A-current (IA) in rat hippocampal neurons via a cAMP
dependent process (Deadwyler et al. 1995, JPET v.275 in press). An antagonist to
the CB1 cannabinoid receptor, SR141716A (Sanofi) has been shown to be effective
in blocking the reduction in cAMP produced by cannabinoid receptor agonists.
Whole-cell currents were recorded from cultured E-18 fetal rat hippocampal
neurons, 7-15 days in culture, with TTX lpM, 4-AP 500pM and TEA 30mM in the
bathing medium to block sodium and non-A-type potassium currents. WIN 55,212-2
(Research Biochemicals) was diluted from ImM stock in ethanol (which was later
evaporated under a nitrogen stream) and delivered via pressure pipette in bathing
medium at l-2pM concentrations. SR141716A was prepared from ImM stock (in
ethanol), diluted to 1(00500p M in bathing medium, and applied via bath perfusion.
Pressure pipette application of lpM WIN 55,212-2 produced a 10-15 mV
positive shift in voltage dependence of steady state inactivation tliat was completely
blocked by bath perfusion of 300nM SR141716A. The 15-20 mV positive shift in
steady-state inactivation of Ia produced by 2pM WIN 55,212-2 was partially blocked
(50%) following 5 min bath perfusion with 300nM SR141716A. Dose effect curves
revealed that the ECp for the WIN modulation of Ia was shifted from 0.8pM to
2.0pM via competitive antagonism with SR141716A.
Higher concentrations
(500nM) of SR141716A antagonist alone precipitated decreases in Ia suggesting the
possible presence of an endogenous cannabinoid ligand in the hippocampal cultures.
[Supported by NIDA grants DA07625, DA03502 and DA00119 to S.A.D., and a gift
of SR141716A from Sanofi Recherche, Montpellier, France]

720.15

resulted from an increased K+ conductance and had an outward rectification. This
current showed distinct pharmacological properties to K+ channel blockers.
Glybenclamide (lOpM), an ATP-sensitive K+ channel blocker, had no effect. Apamin
(l^<M), charybdotoxin (1pM) or Ba2+ (3mM) also failed to block the current, while

TEA decreased it (IC5o=2mM). VA-045 could repetitively activate die K+ current in
the absence of external Ca2+. Both ryanodine and thapsigargin had no effect on this
current. The current was not significandy affected by staurosporine (0.1pM),
quinacrine (lOpM), wortnlappip (lpM) and genistein (lOpM). These results indicate
that VA-045 may direedy activate K+ channels, not by any of Ca^+ or other second
messengers. The hyperpolarizing action of VA-045 may protect CNS neurons from
overexcitation and extensive Ca2+ influx through voltage dependent Ca^+ channels in
die pathological conditions such as hypoxia and injury.

720.16

TOLBUTAMIDE SUPPRESSES SEVERAL VOLTAGE-DEPENDENT K
CURRENTS OF CAl HIPPOCAMPAL NEURONS B, Esd ILb *. G. Erdemli
& K. Kraievic. Anaesthesia Research & Pharmacology Departments, McGill
University, H3G 1Y6 Montreal, Quebec, Canada.
Though consistently effective as ATP-ssensitive K-channel (KATp >
antagonist (Ashcroft & Ashcroft, 1992 Biochim. Biophys. Acta 1175:45),
tolbutamide (TOLB) is not wholly selective: it inhibits protein kinases
(Kanamori et al 1976 Biochim. Biophys. Acta 429:147) and D-type K channels
(Crepd et al 1993 J. Physiol. 46&39). We tested TOLB on voltage-activated
outward currents (^/s) in slices kept at 33° (from Spragne-Dawley rats).
Recordings were by whole-cell patch damp with KMdK)4-containing
electrodes. TOLB (0.05-1 mM) depressed aftcrhyperpolarizations (AHPs)
seen after bursts of spikes evoked with depolarizing pulses: the initial peak
(medium or mAHP) by 603 ± 83 % and the slow AHP (sAHP) by 613 ± 10.6
% (n=ll). The ECg, was »0.18 mM for the mAHP and 034 mM for the
sAHP. In 5 cells damped at » -50 mV, TOLB reduced
by 653 ±53%
and tail currents by 57.2 ± 14.1 %. The TOUBsonsitive
is Ca-dcpendent
as TOLB (1 mM, 15 min) had no significant effect on 1^ in Mir+ /low
Ca2+ medium (-103 ± 6A % n=5). TOLB probably ads independently of
any changes in Ca-cnrrents because TOLB induced only minor (nonsignificant) depressions of sustained HVA Ca-cnrrents (by -193 ± 9J6 %,
n=5). TOLB also depressed M-current (Im ) by *0-9 ± 12.9 % (obtained from
inward relaxations evoked by hyperpolarizing pulses from Vh =-30 mV, n=7).
Judging by these results, TOLB is not a selective Katp antagonist in CA1
neurons, since it also depresses voltage- and Ca-dependent I(Mt’s (Im , Ijqca))*
The suppression of several I^/s explains why TOLB enhances excitability
and ongoing firing in hippocampal slices.
Supported bv Medical Research Council of Canada.
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A NEW ASPECT OF AN APOVINCAMIC ACID DERIVATIVE, VA-045, AS A K+
CHANNEL OPENER IN CNS NEURONS. N. Haata*. M. Munakta, H. Araki** and
N. Akaike. *Dept. of Physiology, Kyushu Univ. Fac. of Med., Fukuoka 812-82, Japan,
**Research Center, Taisho Pharmaceutical Co. Ltd., Ohmiya 330, Japan.
VA-045 ((+) - Ebumamenine - 14 carboxylic acid (2-nitroxyethyl) ester ) is a novel
apovincamic acid derivative, which has multiple activities on the central nervous
system (CNS). This compound improves neurological disturbances evoked by head
injury in vivo. However, the mechanism of the action has been largely unknown. We
investigated, therefore, the effects of VA-045 on the neurons acutely dissociated from
the rat cortex, using nystatin perforated-patch clamp technique. Under the currentclamp mode, VA-045 hyperpolarized the membrane, decreasing the firing activities.
Under the voltage-clamp mode (Vp=-40 mV), it evoked an outward current in a
concentration-dependent mariner (EC50=0.5 pM). The VA-045-induced current
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BLOCK BY LOCAL ANESTHETIC OF TRH EFFECTS ON K+
CURRENTS IN NEUROENDOCRINEL CELLS.
Z-L. XIONG, F.
POPITZ-BERGEZ* AND G. STRICHARTZ. ANES. RES. LAB., BWH,
HARVARD MED. SCH., BOSTON, MA 02115.
In rat anterior pituitary tumor (GH3) cells two types of voltage dependent
potassium currents (IK), a slow-inactivating Is and a fast-inactivating ITo, were
observed using whole-cell voltage clamp. Under physiological conditions,
thyrotropine-releasing hormone (TRH: 0.01 - 1 pM) evoked a dose-dependent,
biphasic response of both types of IK: a transient increase, with peak effect
(120 - 360 % of control) at 1 min, followed by a sustained inhibition (60 - 92%
of control). This response was repeatable after washout of TRH for 6 min or
longer. When a high concentration (4 mM) of EGTA was present
intracellularly and 0.2 mM cadmium was added to the bath to block Ca2+ entry
to the cell, the stimulatory phase from TRH disappeared whereas the inhibitory
phase remained unchanged, indicating that the transient stimulatory phase is a
Ca2+ dependent response (i.e., IK(Ca). On the other hand, when GDP-0-S (0.5
mM) was applied intracellularly, both responses of IK to TRH were almost
abolished, implying a G-protein mediated effect. Lidocaine could inhibit IK
completely (IC50 of 1.9 mM) and also inhibit 1^ (ICjo of 2.6 mM). In addition,
pretreatment (5-8 min) of cells with much lower doses of lidocaine (10 - 100
pM, at which IK was unaffected), largely blocked the effect of TRH.
Simultaneous application of lidocaine (100 pM) with TRH (1 pM) failed to
block the hormone-induced response. Thus, local anesthetics inhibit the
G-protein mediated response in excitable cells at concentrations that do not
block ion channels directly. Lidocaine at such concentrations is known to have
substantial effect as a systemic analgesic. (Supported by NIGMS 15904).
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CAPSAICIN BLOCKS K+ AND Ca++ CURRENTS AND SELECTIVELY
ACTIVATES SENSORY CELLS IN SPINAL NEURONS OF XENOPUS
EMBRYOS. F. M. Kuenzi* and N. Dale. School of Biological and Medical Sciences,
University of St Andrews, KY16 9TS, UK
Besides its selective activation of the slow-conducting pain fibres in mammals,
capsaicin also potently blocks voltage-gated ion channels, showing selectivity in somepreparations. To test whether this compound could be used to separate fast and slow
components of the voltage-gated K+ currents in Xenopus, whole-cell patch-clamp
recordings were made from neurons that had been dissociated from spinal cords of
stage 37/38 embryos and maintained in culture for up to six hours. In all cells 100 pM
capsaicin reduced the potassium current by 88±3.6% (mean ± sem, n=5), 95%
maximally, suggesting that both conductance components are affected. The blocking
reaction had a KD = 21 pM and a Hill coefficient of 1.72, suggesting that two
molecules of capsaicin may be required. The block was time dependent, having little
effect on the time course of activation, but causing an increase in apparent
inactivation. The rate of inactivation increased with the concentration of capsaicin.
This suggests that capsaicin may act to block the open channel.
Ca++ currents were also sensitive to capsaicin, being reduced at 10 pM by 11.4±
1.8% (n=12). Although the voltage-dependence of activation was not affected,
capsaicin caused a marked increase in the rate of inactivation of the current in some
cells during a 70 ms step.
A proportion of cells that had the appearance of Rohon-Beard sensory neurons in
culture (Dale, 1991, Europ. J Neurosci. 3, 1025-1035), also responded to low doses of
capsaicin with an inward current that was slow to activate and dose-dependent. This
response may be analgous to the effects of capsaicin on mammalian C fibres and
cultured DRG neurons.

ZINC MODULATES EXTRACELLULAR FATTY ACID BLOCK OF
RECOMBINANT VOLTAGE-GATED POTASSIUM CHANNELS EXPRESSED
IN MAMMALIAN CELLS J.S. Poling*!3. S, Vicini1. M.A. Roeawski2. and N
Salem. Jr.3 1Dept. of Physiology and Biophysics, Georgetown Univ., Wash., DC
20007;2NINDS/NIH, Bethesda, MD 20892;3NIAAA/NIH, Rockville, M.D. 20852.
Docosahexaenoic acid (DHA), an omega-3 fatty acid, is the major
polyunsaturated fatty acid (PUFA) found in mammalian brain and is selectively
incorporated into the membrane phospholipid pool of retina and synapses. We
have previously reported that certain PUFAs potently blocked native voltage-gated
K+ channels (Kd = 2.5 pM, DHA) and exert their action directly from the
extracellular side of the membrane by an open-channel blocking mechanism
(Poling et al., Mol. Pharm. 47(2), 1995). In CL1023 fibroblasts stably expressing
Kvl.2 or Kv3.1 channels, DHA also blocked whole-cell K+ currents and
accelerated the current decay in a concentration-dependent manner (Kvl.2, Ki =
1.8 pM; Kv3.1, K^ = 690 nM). BlBlk w^observed in ftewtote-lxU or ouoideout patch configuration indicating that the interaction between DHA and the K+
channel occurred at an extracellular site. Divalent zinc (1C4 M) non-competitively
inhibited block of Kvl.2 to a greater extent than Kv3.1. Zinc is present within
some neurotransmitter containing vesicles and can be co-released into the synaptic
cleft suggesting a novel role for 22:0n3 and zinc as modulators of K+ channels,
(supported in part by NIAAA Intramural Research Training Fellowship TPAA108
for J.S.P. and NINDS grant K04NS01080 to S. V.)
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A ROLE FOR ARACHIDONIC ACID IN GENERAL ANESTHETIC ACTION
D. D. PDieonand D. C. Eaton*. Depts of Anesditsioiogyand Physioiogoand The;
Center for Cellular anP Molecular Signaling, Emory Univ. Sch. of Med., Atlanta,
GA 30322.
General anesthetic block of BK channels in GH3 cells is mimicked by PLA2
inhibitors and attenuated by exogenous am^dornc acid (AA). Untreated GH3 cells
continuously produce measurable levels of AA implying tonic PLA2 activity. PLA2
activity in g H3 cells can be blocked by concentrations of the intravenous general
aotstSttic, ketamine, that are comparable to those used clinically (lOOpM). If general
anesthetic block of BK channels is mediated by an inhibition of PLA2, then addition
of exogenous AA should attenuate the anesthetic block and reduce the slope of the
ketamine dose response curve. To test this hypothesis, we examined the dose response
curve for ketamine in the presence and absence of AA. Single channel recording
techniques in excised patches were used to examine the effect of racemic ketamine (10,
50, 100, 500 and IOOOo M) on the BK channel activity in GH3 cells. Solutions
containing 150 mM KC1 ware used in both the pipette and bath. Caf2 in the bath was
buffered to 0.1 pM with 5mM K2EGTA. AA by itself increased the open probability
of BK channels. Ketamine reduced the open probability of channels in the presence
and absence of AA, but the ketamine block was sigoificaotly PAfertnt for channels
activated by AA (1 pM) compared to channels in absence of AA. Exposure of BK
channels to AA caused not only a shift in the ketamine dose response curve to the
right as evidenced by a significant (p<0.001) iocrtdOt in EQ from 3.4 ± 0.4 to 693
± 379 pM but a signAicant (p<0.001) decrease in slope from 1.40 ± 0.21 to 0.59 ±
0.05. These data suggest that exogenous AA is activating BK channels and attenuating
general anesthetic block by increasing the membrane concentration of AA that is
reduced by general anesthetic inhibition of PLA2. Since PLA2 is inhibited by all of the
general anesthetics we have examined, disruption of AA production may be an
important mechanism for the action of general anesthetics on ion channels within the
central nervous system.

THE POTASSIUM CHANNEL BLOCKERS, 4-AMINOPYRIDINE AND
TETRAETHYLAMMONIUM, INCREASE THE SPONTANEOUS BASAL
RELEASE OF [3HJ5-HYDROXYTRYPTAMINE IN RAT HIPPOCAMPAL
SLICES. L.E. Schechter*. Wyeth-Ayerst Research, CNS Disorders, Pearl
River, NY 10965.
Previous investigations have demonstrated that compounds capable of
blocking presynaptic K+ channels can stimulate neurotransmitter release at
both peripheral and central synapses. This study examined the in vitro
effects of the "classical" K+ channel blockers, 4-aminopyridine (4-AP) and
tetraethylammonium (TEA), on the spontaneous basal release of [3H]5hydroxytryptamine ([3HJ5-HT) from rat hippocampal slices using an
automated superfusion apparatus. 4-AP and structural analogs increased
the spontaneous basal release of [3H]5-HT in a concentration-related
manner. The rank order of potencies from the estimated EC50 values
indicated that 3,4-DAP(0.88 mM) = 4-AP(1.2 mM) > 2-AP(89 mM) > 3AP(100 mM) > pyridine(256 mM). TEA stimulated [3H]5-HT release with an
estimated EC50 value of 63 mM and was less efficacious than the pyridine
congeners. The release induced by 4-AP (0.3, 1 and 10 mM) and TEA (30,
100 and 300 mM) was significantly attenuated in a Ca+2-free buffer
containing 1 mM EGTA. Tetrodotoxin (TTX; 1 pM), a Na+ channel blocker,
was unable to block the response of 4-AP (1 mM) and TEA (100 mM).
Notably, this concentration of TTX reduced the stimulation of [3H]5-HT
release produced by the Na+ channel opener veratridine (5 pM). The
enhancement of release induced by 1 mM 4-AP was additive with 100 mM
TEA and 5 pM veratridine but not with 25 or 50 mM KCI. Taken together, the
results demonstrate that K+ channel blockade can enhance the
spontaneous basal release of [3H]5-HT in rat hippocampal slices. These
effects are at least partly dependent on extracellular Ca+2 and do not appear
to be mediated by modulating Na+ channel function. In conclusion, this is
the first direct demonstration that presynaptic K+ channels can regulate 5HT neurotransmission.

ACETYLCHOLINE RECEPTOR:
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721.1

721.2

Functional Pharmacology of Neuronal Nicotinic Acetylcholine
Receptors (AChRs) from the Human Cell Line IMR-32
.
Nelson, M.E., Gerzanich, V.. Cr^weg, L„ and Lindstrom, J.M.*
Dept. of Neuroscience, Univ. of Pennsylvania Medical School,
Philadelphia, PA 19104.
The IMR-32 cell line is a human neural crest derived cell-type that
has been shown to express neuronal-type AChRs including a3, a5, a7,
02, and 04 subunits (Neurosci. 32: 759-707; FEBS Lett. 312: 0770). Here we report the pharmacological characteristics of functional
AChRs expressed in these cells using patch-clamp electrkphysiklogy
in order to identify the subunit composition of native human AChRs
by comparisons to recombinant human AChRs expressed in Xenopus
oocytes. IMR-32 cells responded with relatively robust currents
(averaging about 350 pA of maximal current) when exposed to the
nicotinic agonists dimethyl-phenylpiperazinium (DMPP), nicotine,
cytisine, acetylcholine (ACh) and tertrai^tethylammonium (TMA). All
agonists had similar efficacies and their respective EC*, values were
approximately 7.0, 22.5, 31.2, 59.0, and 1030 pM. Currents activated
by ACh (100 pM) were completely antagonized by d-tubocurarine,
mecamylamine, and hexamethonium with IC» values of 0.4, 3.2, and
8.5 - pM, reiesectively, whUe meetyUycccomtine (uu to 1 ppM *ws
virtually ineffective. Single-channel currents activated in outside-out
patches from IMR-32 cells had a chord conductance of 40 pS and
nistriDutikes of channel open times that were best fit by double
exponential functions with time constants of 1.7 and 0.0 ms.
Comparisons between IMR-32 nicotinic responses and human
neuronal AChRs fuectiknallu expressed in Xenopus oocytes suggest
that the predominant AChR expressed in IMR-32 cells is one
including a3 and 04 receptor subunits, although participation of
other receptor subunits cannot be excluded based on the present data.
(Suppkrten by grants from NINDS, STRC, CTR, and MDA.)

GALANTHAMINE IS A POSITIVE MODULATOR OF THE aBUNGAROTOXIN-SENSITIVE HIPPOCAMPAL NICOTINIC RECEPTOR
ACTIVITY. E.X. Albueuereue
E.F.R. Pereira1. A. Schrattenholz3 . A.
Maelicke 3 'Dqpt Phcrmackl. Exp. Ther., Univ. Maryland Sch. Med., Baltimore,
MD 21201, USA;2 Lab. Mol. Pharmacol., Inst. Bioph. “Carlos Chagas Filho”,
UFRJ, Rio de Janeiro, RJ 21944, Brazil; 3 Inst. Physiol. Chem. Pathobiocyem.,
Johannes-Gutenberg Univ. Med. Sch., Mainz D-0500, Germany.
A new binding site has been identified on neuronal and muscle nicotine
receptors (nAChRs) through which the ion-channel can be activated (J.
Pharmacol. Exp. Ther. 205: 1474, 1993). This site is referred to as the
phuskstigmiee (PHY) site, is insensitive to classical nicotinic agonists such as
ACh and anatoxin-a (AnTX), and recognizes as agonists the anticholinesterases
PHY and galanthamine (GAl ). To determine whether the nAChR activity
induced by classical nicotinic agonists can be modulated via this novel site, we
used the whole-cell mode of the eatcy-clamp technique to investigate the effects
of GAL on a-bungarotoxin (a-BGT)-sensitive currents elicited by 500-ms pulses
of AnTX to cultured hippocampal neurons. When applied to the neurons as an
admixture with AnTX (10 pM), GAL (0.1-100 pM) changed neither the peak
amplitude nor the decay time constant of AnTX-induced currents. However,
following the recording of the AnTX-induced current, perfusion of the neurons for
5 min with GAL (1 pM)-Cketaieing external solution prior to their subsequent
exeksure to the admixture of GAL (1 pM) and AnTX (10 pM) caused an increase
of the peak amplitude and a prolongation of the fast decay phase of the AnTXienucen current; the peak amplitude was increased by about 30 % and the decay
time constant was erolkeged from 23.0 ± 1.9 ms to 30.2 ± 2.1 ms (mean ± SEM,
n 6 4). These results suggest that a ligand capable of binding to the PHY site may
play an important role in regulating the deseesitizatioe of the a-EGT-sensitive,
presumably an a7-r>ecrieg, hippocampal eA0yR. (USPHS Grant NS25290).
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a-CONOTOXIN-Iml: A POTENT ANTAGONIST AT THE a-BUNGAROTOXIN
(a-BGT>-SENSITIVE HIPPOCAMPAL NICOTINIC RECEPTOR (nAChR).
E.F.R. Pereira M. Alkondon1. LM. McIntosh 2 and , E.X. Albuquerque '~3 'Dept.
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, USA;
’Depts. of Psychiatry and Biology, Univ. Utah, Salt Lake City, Utah 84112, USA;
’Lab. Mol. Pharmacol., IBCCF, UFRJ, RJ 21944, Brazil.
a-Conotoxin-Iml (a-CTX-ImT), a neurotoxin isolated from the venom of the snail
Conus imperialis, has been characterized as a disulfide-rich dodecapeptide that (i)
acts as a nicotinic antagonist at the frog neuromuscular junction, (ii) does not cause
paralysis when injected intraperitoneally in mice, and (iii) causes seizures when
injected into the intracerebroventricular space of rats or mice (J. Biol. Chem. 269:
16733, 1994). Whereas a-CTX-lml seems to be a poor antagonist at mammalian
muscle nAChRs, it may act as a potent antagonist at mammalian neuronal nAChRs.
The fact drat a-BGT also causes seizures when injected intracranially in rats and mice
led us to test whether a-CTX-Iml interacts with the a-BGT-sensitive, presumably a7bearing, hippocampal nAChR. Nicotinic whole-cell currents elicited by 500-ms
pulses of ACh (1 mM) were recorded from cultured hippocampal neurons using the
patch-clamp technique. In this study, a-BGT-sensitive currents (referred to as type
LA currents) were characterized by their fast decay and by their reversible inhibition
by methyllycaconitine (1 nM) (J. Pharmacol. Exp. Ther. 265:1455, 1993). The
effect of a-CTX-Iml on type IA currents was evaluated after superfusing the neurons
with a-CTX-Iml-containing external solution for 5 min. At 100 nM, a-CTX-Iml
decreased the peak current amplitude to 45 ± 2.5% of control (mean ± SEM, n =3).
The relationship between the normalized peak current amplitude and the
concentration of a-CTX-Iml revealed that the IC» for this toxin in inhibiting type IA
current is about 95 nM. The a-CTX-Iml-induced inhibition of type IA currents was
reversed by washing. Our results indicate that a-CTX-Iml potently and reversibly
inhibits the activation of a-BGT-sensitive hippocampal nAChRs. (USPHS Grants
NS25296, ES05730).

POTENCIES OF MUSCLE RELAXANTS PANCURONIUM AND
(♦--TUBOCURARINE AT MUSCLE NICOTINIC RECEPTORS
(nAChR). C.M. Garland. L. Holden-Dve. J. Chad. S.D. Jane. R.C.
Foreman. R.J. Walker*. Dept. of Physiol. & Pharmacol., University
of Southampton, Southampton S016 7PX, UK.
Clinically, pancuronium is more effective than (+)ttubcccurarine (tc)
(Kreig etal., 1980, Br. J. Anaesth. 52, 783-787) as a muscle relaxant.
We are investigating the molecular basis for their action at nAChRs.
In oocytes expressing nAChRs (mouse muscle, £*876) pancuronium
(IC50 5.0 ± 1.9 pM; n=4) was more potent at blocking currents
induced by 1 pM ACh than tc (IC^ 7.4 + 0.8 nM; n=4). In the rat
phrenic nerve diaphragm pancuronium and tc were less potent (IO^
2.5 /xM, n== and 5.5 0M, n==, reseepeivelyl. The eossibility Utah the
potency of pancuronium is partly determined by the expression
system/tissue is being investigated by comparison with effects on
mouse muscle myoblasts (which also express 0876 subunits). Confocal
microscopy of Indo-l-AM loaded myoblasts is used to detect increases
in intracellular Ca++ activity (aCa++i) an indirect measure of nAChR
activation. 10 pM ACh increased Ca++i from 100)a00nM to 400600nM and this was blocked by 1 pM pancuronium. We are currently
quantifying the potency of tc and pancuronium in this system.
cDNA clones were kindly donated by Professor S. Heinemann, Salk

Institute, California. CMG is supported by Organon Teknica, Belgium.
We thank Dr R.J Marshall and Dr A. Muir for helpful discussions.

721.5

721.6

A NOVEL NON-COMPETITIVE CONUS PEPTIDE INHIBITOR OF THE
NICOTINIC ACETYLCHOLINE RECEPTOR. M. M. Grillev*. K.-J.
S h o n , C. Hopkins. D,
YosSukami, and B, M. Olivera.
Department of Biology, University of Utah, Salt Lake City, UT
84112.
Venomous snails of the genus Conus produce a variety of
peptide toxins which individually target a range of
receptors and ion channels.
Venom milked from the fish
hunting C. purpurascens has been fractionated and found to
contain, among others, a peptide unique both structurally
and mechanistically among previously characterized
conotoxins.
The 24 amino acid peptide was chemically
synthesized and, like the native material, caused paralysis
and death following injection into goldfish.
Binding and
photoaffinity labeling of the peptide to Torpedo electric
organ membrane indicate it targets the nicotinic
acetylcholine receptor, but that it does not compete with ocbungarotoxin or the a-conotoxins, competitive inhibitors of
a -bungarotoxin binding on the muscle subtype of the
acetylcholine receptor.
Electrophysiology studies suggest
the peptide acts as a non-competitive inhibitor of the
acetylcholine receptor by physically blocking the pore.
Further analysis of analogs of this peptide will allow
determination of functional groups important for the
peptide-channel interaction.
(Supported by NIDA grant
#DA05485.)

INHIBITORY EFFECTS OF THE ANTIVIRAL AGENT AMANTADINE ON
NICOTINIC ACETYLCHOLINE RESPONSES IN RAT HIPPOCAMPAL
CULTURED NEURONS. H. Matsubayashi, * and E.X. Albuquerque. Dept.
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, USA.
Amantadine is used for the treatment of influenza and Parkinson’s disease. On
frog sar-tonus muscle, this drug decreases the amplitude of the endplate current
and reverses the slope of the relation between half-decay time and membrane
potential, suggesting an alteration of the nicotinic acetylcholine receptor/ion
channel (nAChR) (Science 199:788, 1978). In the present study the effects of
amantadine on hippocampal nAChRs were investigated. At least three distinct
current types, IA, II and III, have been recorded from hippocampal neurons (J.
Pharmacol. Exp. Ther., 265:1455, 1993), and they are subserved by nAChRs
with different subunit compositions. In this study, whole-cell currents were
recorded from cultured hippocampal neurons according to standard patch-clamp
technique. The external perfusing solution contained atropine (1 pM) and
tetrodotoxin (300 nM). The results showed that amantadine (500 pM) decreased
the peak amplitude of all three types of currents elicited by pulse application
(0.5-2 s) of ACh (1 mM) to the cultured neurons. When amantadine was
simultaneously applied via the background perfusion and as an admixture with
ACh via the U-tube, and ATP-regenerating solution was used to prevent rundown
of type IA current, the ICM for amantadine in inhibiting ACh (0.3 mM)-induced
type IA current was 6.21 pM. Amantadine was more potent in inhibiting the
activation of nicotinic currents in hippocampal neurons than in inhibiting endplate
currents (Mol. Pharmacol. 22:82, 1982). It is concluded that amantadine is a
more potent antagonist of neuronal nAChRs than of muscle nAChRs. (Support:
USPHS Grants NS25296 and ES05730)

721.7

721.8

DEVELOPMENT OF A NOVEL CLASS OF NICOTINIC RECEPTOR
ANTAGONISTS:
INHIBITION
OF
NICOTINE-EVOKED
STRIATAL
DOPAMINE RELEASE AND THE ELECTROPHYSIOLOGICAL RESPONSE OF
A CLONED NICOTINIC RECEPTOR SUBTYPE IN XENOPUS OOCYTES.
P.A. Crooks. L.H. Tenq, A. Ravard, S.T. Buxton, B.N. Cohen,
D.D. Allen* and L.P. Dwoskin. College of Pharmacy, Univ. of
Kentucky, Lexington, KY 40536 and Div. of Biomedical
Sciences, Univ. of California, Riverside, CA 92521.
We have undertaken the development of subtype selective
antagonists of the neuronal nicotinic receptor site.
A
series of pyridyl N-substituted nicotine analogues were
synthesized and evaluated for their ability to inhibit
nicotine (10 pM)-evoked (’HJdopamine ((3t]DA) release from
rat striatal slices.
Antagonist potency increased with
increasing carbon number.
The N-octyl analogue NONI was
the most efficacious and potent in the series, and afforded
greater inhibitory efficacy than the competitive neuronal
nicotinic
receptor antagonist,
dihydro-p-erythroidine
(DH0E)
and the nicotinic receptor channel blocker,
mecamylamine
.
The N-allyl analogue NANI was less
potent than NONI and had similar efficacy to DH0E.
The
order
of
potency
in
the
release
assay
was
NONI>DHPE>MEC>NANI, with IC50s of 1.3, 2.5, 3.0, 12 pH,
respectively.
In electrophysiological studies, NONI
blocked the response of cloned a3P2 nicotinic receptors to
1 pH acetylcholine by 50% at 5 pH, and by 100% at 100 pH,
and displayed no agonist activity. These data suggest that
the antagonists may block the a3p2 receptor to inhibit
nicotine-evoked (3H]DA release from striatum.
Molecular
modeling data suggest that this new class of antagonist
binds in a novel manner to the nicotinic receptor.
(Supported by a grant from the Tobacco and Health Research
Institute, Lexington, KY).

DEVELOPMENT OF A NOVEL CLASS OF NICOTINIC RECEPTOR
ANTAGONISTS: DISPLACEMENT OF pH J NICOTINE BINDING FROM RAT
STRIATAL MEMBRANES. L.H. Wilkins, P.A. Crooks. A. Ravard,
R.A.
Yokel* and L.P.
Dwoskin.
College of Pharmacy,
University of Kentucky, Lexington, KY 40536.
To study the mechanism of action of nicotine in the CNS,
we have undertaken the development of subtype selective
antagonists of the neuronal nicotinic receptor site.
A
series of N-substituted nicotine analogues were synthesized
and evaluated for their ability to displace (’H)nicotine
binding from rat striatal membranes.
The effects of the
analogues were compared to the competitive nicotinic
receptor
antagonist
dihydro-p-erythroidine
(DH0E).
Scatchard analysis of (3H]nicotine binding revealed a Kd =
1.46 + 0.15 nM and Bmax = 117 + 9.05 fmol/mg protein.
In
displacement studies, the Ki’s for nicotine, DHPE, S(-)Nallylnicotinium
iodide
(NANI),
S(-)N-methylnicotinium
iodide (NMNI) and S(-)N-octylnicotinium iodide (NONI) were
0.38 + 0.11 nM, 64.9 + 10.4 nM, 2.38 + 0.24 pH, 3.10 + 0.40
pH and 20.1 + 1.6 p^, respectively. Moreover, the order of
potency for displacement of (3H]nicotine binding does not
correlate with the order of potency for inhibition of
(3H]dopamine release from rat striatal slices (Crooks et
al, Soc. Neurosci., 1995). This poor correlation suggests
that the receptor subtypes that control (*H]dopamine
release differ from the subtypes that are primarily
responsible for high-affinity (3HJnicotine binding. Thus,
the analogues had marginal affinity for the [’H]nicotine
binding site in rat striatum compared with DH0E, suggesting
that they do not have a significant affinity for the a4P2
neuronal nicotinic receptor subtype, but may be selective
for the a3P2 subtype.
(Supported by a grant from the
Tobacco and Health Research Institute, Lexington, KY).
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PHARMACOLOGICAL COMPARISON OF NICOTINE-EVOKED
RELEASE OF STRIATAL DOPAMINE AND HIPPOCAMPAL
NORADRENALINE FROM SUPERFUSED SYNAPTOSOMES
P.B.S. Clarke* and M, Reuben. Dept ot Pharmacology and Therapeutics,
McGill Univ., Montreal, Canada H3G 1Y6.
In situ hybridization studies suggest that rat nigrostriatal dopamine
neurons express mainly a4, a5, and 82 nicotinic receptor subunits,
whereas dorsal bundle noradrenaline neurons express mainly a3, 82 and
84 subunits (Wada et al 1989,1990; Dineley-Miller and Patrick 1992). In
order to test for pharmacological differences, agonist-evoked release of
striatal 3H-DA and hippocampal 3H-NA was measured from superfused
synaptosomes prepared from rat. Nicotine, cytisine, DMPP and ACh (with
esterase inhibitor and muscarinic antagonist) increased NA release in a
concentration-dependent manner (EC50s of 3.7 pM, 6.0 pM, 8.9 pM and
13 pM, respectively). Maximal drug effects were similar for each agonist.
DA was released more potently than NA by L-nicotine (EC50 0.16 pM vs.
6.4 pM) and anataxix (EC50 0.0.0 5 MvsO .09 9 MM lsoarecolone(1 1320
pM) released DA more than NA at each concentration, but a maximal
effect was not reached. Lobeline evoked DA release but not NA release.
High K* (10 mM) released DA and 'NA to similar extents. The nicotinic
antagonist mecamyiamine (10 pM) virtually abolished NA and DA release
evoked by high concentrations of all agonists tested except lobeline. The
nicotinic antagonists DHBE and methyllycaconitine inhibited nicotineevoked DA release more potently than NA release, each with a 45-fold
DA:NA potency difference when tested against EC50 values for nicotine.
Thus, nicotinic receptors associated with striatal DA and hippocampal NA
afferents have different pharmacological profiles that may be attributable
to their subunit composition.

EFFECTS OF A-85380 ON NICOTINIC RECEPTOR MEDIATED 86Rb+
EFFLUX FROM MOUSE THALAMIC SYNAPTOSOMES. M.J.Marks*
and' S.F.Robinson. University of Colorado, Boulder, CO.
A-85380 [3-(2(S)-azetidinylmethoxy)pyridine], a novel, potent nicotinic
agonist that activates a variety of human nicotinic receptor subtypes, was
evaluated for its ability to stimulate the efflux of 86Rb+ from synaptosomes
prepared from thalamus of C57BL/6 mice. The stimulation of 86Rb+ efflux
by A-85380 was concentration dependent, but apparently biphasic. One
component had a very high affinity (EC50= 4.2 nM) and a maximal
response approximately equal to that measured for 10 fiM nicotine. A
second component, that did not saturate by 3 fiM, was observed at
concentrations above 300 nM. The 86Rb+ efflux measured using either 30
nM or 3 /zM A-85380 were each inhibited approximately 90% by 10 fiM
mecamylamine. Exposure to stimulating concentrations (0.3-10 nM) of A85380 desensitized 86Rb + efflux. An EC50 value about 4 nM was
calculated for both stimulation and desensitization of efflux. Desensitization
of the efflux stimulated by 10 fiM nicotine was also observed with
concentrations of A-85380 that elicited little efflux (IC50 = 0.2 nM). The
desensitization rate for 0.3 nM A-85380 (0.27 min'1) was lower than the
maximum rate observed for activating concentrations (2.4 min'1).
Synaptosomes that had been desensitized by exposure to either
nonstimulating (0.3 nM) or stimulating (30 nM) concentrations of A-85380
partially recovered responsiveness after the termination of treatment (75%
and 35%, respectively). The recovery from desensitization after treatment
with 0.3 nM was faster (k=0.34'i) than that after 30 nM (k=0.19 min'i).
The kinetics of desensitization observed after exposure to either stimulating
or nonstimulating concentrations of A-85380 were comparable to those
measured previously for the extremely potent nicotinic agonist, epibatidine.
These studies indicate that A-85380 is among the most potent agonists yet
tested at nicotinic receptors in the CNS. Supported by Abbott Laboratories.

721.11
CHOLINERGIC ACTIVATION OF THE ELECTROCORTICOGRAM: AN
AMYGDALAR ACTIVATING SYSTEM.
H.CDrineenberg,
and
C.H.Vanderwolf*. Neuroscience Program, University of Western Ontario, London,
Ontario, Canada, N6G2V4.
In urethane-anesthetized rats, 100 Hz electrical stimulation of the basal
amygdala changed the slow wave activity of the neocortex from 2-6 Hz large irregular
slow- activity (LISA) to low voltage fast activity (LVFA) including frequencies of
above 10 Hz. A similar activating effect was seen in the hippocampus where
amygdala stimulation induced the appearance of rhythmical slow' activity (RSA) in
the 2-6 Hz range. This activation of neocortical and hippocampal slow wave activity
by amygdala stimulation was blocked by the cholinergic-muscarinic receptor
antagonist scopolamine (0.5-5.0 mg/kg, i.p.), but not by the peripheral antagonist
methyl-scopolamine, in a concentration-dependent manner. In contrast, a blockade
of ascending inputs from the midbrain to the neocortex by treatment with the
serotonin-depletor p-chlorophenylalanine or cauterization of the rostral midbrain did
not block neocortical LVFA to amygdala stimulation, even though the lesions
abolished all LVFA to strong noxious stimuli such as tail pinches. Unilateral
infusions of the local anesthetic lidocaine (1%) into the basal forebrain selectivelyblocked LVFA in the neocortex ipsilateral to the .infusion. However, intracerebral or
systemic administration of various excitatory amino acid antagonists (2-amino-5 phosphonovaleric acid, kynuremc acid, NPC 12626) was not effective in blocking
LVFA to amygdala stimulation. Extracellular single unit recordings in the basal
forebrain showed that about 50% of cells that were more active during periods of
neocortical LVFA relative to LISA were excited by single pulse stimulation of the
basal amygdala. Cells that were more active during LISA often were inhibited by
amygdala stimulation. The basal amygdala appears to provide an important
excitatory input to the basal forebrain cholinergic system involved in activation of
the electrocorticogram. (Supported by NSERC, Canada).
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SELECTIVE VULNERABILITY OF NEURONS IN THE HUMAN
NUCLEUS BASALIS OF MEYNERT: PUTATIVE ROLE OF AN AGERELATED DECREASE IN GLUR2/3 RECEPTOR SUBUNIT
IMMUNOREACTIVITY. M.D. Ikonomovic*. R. Sheffield, and D.M.
Armstrong. Allegheny-Singer Research Institute, Medical College of
Pennsylvania, Pittsburgh, PA 15212.
Polyclonal antibodies directed against the GluRl and GluR2/3 subunits of the
AMPA receptor complex were employed in order to examine in brains of elderly humans (average age = 75) the distribution and subunit composition of AMPAselective receptors within magnocellular neurons comprising the nucleus basalis
of Meynert (NBM). Within each case (n = 9) NBM neurons were intensely
labeled for GluRl, yet displayed virtually no immunolabeling for GluR2/3. In
contrast, GluR2/3, but not GluRl, labeled neurons were abundantly observed
within adjacent brain regions of these same cases (i.e., amygdala, hippocampus
and entorhinal cortex). Collectively, these data suggest that within elderly subjects the molecular composition of AMPA receptors may differ between neurons
in the NBM and surrounding regions. In addition, we examined three younger
cases (ages 5, 33 and 50 y) in order to assess whether the paucity of GluR2/3
immunolabeling within the NBM of elderly subjects was a consequence of normal aging or consistent throughout life. Within the 5 and 33 year old cases we
observed GluR2/3-labeled neurons within the NBM, although the intensity of
immunolabeling was relatively modest within the younger case. In contrast, little if any GluR2/3-labeIing was observed on NBM neurons in the 50 year old
cases, although robustly labeled neurons were present within adjacent brain
regions. Although preliminary these latter data suggest that with advancing age
there is a selective decrease in GluR2/3 immunoreactivity within NBM neurons,
we hypothesize that the loss of the GluR2/3 subunit may render these neurons
functionally distinct with respect to their responsiveness to glutamate. Therefore,
alterations in the molecular composition of the AMPA receptor may contribute to
the selective vulnerability of these cells to excitotoxic insults and to their severe
loss in a number of neurodegenerative diseases including Alzheimer’s disease.

AMPA-SELECTIVE GLUTAMATE RECEPTOR SUBTYPE IMMUNOREACTIVITY IN THE HIPPOCAMPAL FORMATION OF PATIENTS WITH
ALZHEIMER’S DISEASE: EVIDENCE FOR HIPPOCAMPAL PLASTICITY.
D.M. Armstrong*. R. Sheffield, and M.D. Ikonomovic. Allegheny-Singer Research
Institute, Medical College of Pennsylvania and Hahnemann University, Allgheny
Campus, Pittsburgh, PA 15212.
Immunocytochemical techniques were employed in order to examine the distribution aid intensity of immunolabeling for AMPA receptor subunits GluRl and
GluR2/3 within the hippocampal formation of normal controls and Alzheimer’s disease (AD) cases. Throughout our investigation we examined cases exhibiting a wide
range of pathologic severity, thus allowing us to correlate our immunohistochemical
data with extent of pathology. Specifically, we investigated the distribution of these
receptor subunits in hippocampal sectors which are particularly vulnerable to AD
pathology {i.e., CA1 aid subiculum) and compared these findings to those obtained
following examination of sectors which are generally resistant to pathologic change
(i.e., CA2/3, dentate gyrus). Within vulnerable sectors we observed a variable loss of
GluRl and CiluR2/3 immunolabeling. The degree to which these proteins were
reduced correlated with the extent of neurofibrillary pathology and cell loss. Despite
the loss of labeled cells the intensity of immunolabeling within remaining neurons
was comparable to and in many instances even greater than that observed in control
cases. Within resistant sectors, the distribution of immunoreactive elements was
comparable in both case groups yet the intensity of immunolabeling was markedly
increased in AD cases, particularly in the molecular layer of the dentate gyrus and in
the stratum lucidun of CA3 (i.e., termination zones of perforant pathway and mossy
fibers). In addition, within AD cases dramatic increases were observed within the
surpagranular aid polymorphic layer of the dentate gyrus (i.e., terminal zones of
sprouting mossy fiber collaterals). The increase in GluRl and GluR2/3 immunolabeling is hypothesized to occur in response to the deafferentation of selected glutamatergic pathways. Moreover, our data support die concept that hippocampal plasticity is preserved, even in severe AD cases, and suggest a critical role for AMPA
receptor subunits in maintaining hippocampal functioning.
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AMPA-SELECTIVE GLUTAMATE RECEPTOR SUBUNITS IN THE
VISUAL AND PARIETAL CORTICES OF NORMAL CONTROLS AND
PATIENTS WITH ALZHEIMER'S DISEASE. A. Qguntola. R. Sheffield*.
M.D, Ikonomovie. and D.M. Armstrong. Medical College of Pennsylvania
and Hahnemann University, Allegheny-Singer Research Institute, Pittsburgh
PA 15212.
We employed immunocytochemical techniques and antibodies against the
AMPA-receptor subunits GiuR2/3 to examine the distribution of these receptor subunits within the visual (Areas 17 and 18) and parietal cortices of normal elderly subjects and patients with Alzheimer’s disease (AD). These studies are part of a continuing effort to investigate the selective vulnerability of
glutamatergic neurons in AD. These regions were selected for study because
they represent areas of brain that express abundant (i.e., parietal cortex) and
modest (i.e., visual cortex) AD neuropathology. Within the visual cortex, we
observed GluR2/3-labeled pyramidal and non-pyramidal neurons, with the
latter being the more predominant. In area 17, the majority of GluR2/3-positive neurons were distributed within layers V and VI. In contrast, within area
18 both cell types were observed within layers V and VI as well as within layers II and III. When these same regions were examined in AD cases no significant reduction in GluR2/3 labeled neurons was observed. Within the parietal cortex, GluR2/3 pyramidal and non-pyramidal neurons were observed,
with pyramidal neurons being the more abundant cell type. As in Area 18,
these cells were distributed throughout layers II and III as well as within layers V and VI. Labeled non-pyramidal neurons were not reduced in the parietal
cortex in AD compared to controls. In contrast, GluR2/3-positive pyramidal
neurons were reduced by 70% within layers II and III and 62% within layers
V and VI of the parietal cortex of AD cases compared to controls. These latter data suggest that in the parietal cortex GluR2/3 pyramidal neurons are particularly vulnerable to pathologic insult. We are now examining the extent to
which AMPA receptors contribute to the degeneration of these cells.

CHARACTERISATION AND LOCALISATION OF ALTERNATIVE SPLICED
ISOFORMS OF THE NMDAR1 mRNA IN THE HUMAN HIPPOCAMPUS. X.F.
Huang*. G. Dixon, S.V. Catts. P.B. Ward. N, Pi Girolamo. D. Wakefield. G.
Paxinos. and A. Llovd. Schools of Pathology, Psychiatry, & Psychology. UNSW,
Sydney 2052, Australia
The gene for human N-methyl-D-aspartate receptor 1 (NMDAR1) has recently
been cloned and in the rat eight alternatively spliced, regionally distributed, and
functionally unique isoforms have been identified. We sought to define the presence
and distribution of alternatively spliced NMDAR1 mRNAs in adult human
hippocampus. Human brains were obtained at autopsy from five individuals
without neurological disease with postmortem delay of 4 to 24 hours. Total RNA
was prepared from specific regions of human hippocampal tissue. Reverse
transcriptase polymerase chain reactions was used to amplify across the two
predicted splice junctions of the human NMDAR1 cDNA to identify possible
isoforms in the human gene. The amplified cDNAs were characterised by Southern
hybridisation using oligonucleotide splice junction probes specific for each of the
unique splice sequences. In the amino terminal region, three apparent splice
isoforms amplified from the rat brain RNA and four amplified products were seen
in the human hippocampal RNA. In the carboxyl terminal region, there were five
amplified products in both rats and human. Northern analysis with rat brain and
human hippocampal RNA demonstrates a band at 4.4 Kb prolonged gel
electrophoresis and in Northern hybridisation it allowed preliminary definition of
regional quantitative differences in the NMDAR1 mRNA isoforms. The in situ
hybridisation studies showed an heterogenous distribution of NMDAR1 isoforms
in the human hippocampal formation. The dentate gyrus, CA4, and CA3 had a
similar intensity of mRNA expression of all six splice isoforms, whereas
NMDAR1-2 isoform appeared to have considerably lower expression in CA1 and
was almost absent in the parasubiculum. These data may provide clues to the
differential susceptibility to pathological processes including ischaemia, epilepsy,
and schizophrenia. Supported by the NH&MRC of Australia.

722.5

722.6

IMMUNOLOCAUZATION OF GLUTAMATE AND GLUTAMATE RECEPTORS
IN THALAMOCORTICAL, THALAMOSTRIATAL AND CORTICOSTRIATAL
SYSTEMS IN TURTLES. M. Fowler* and A. Reiner. Dept. Anatomy &
Neurobiology, University of Tennessee, Memphis, TN 38163.
Although thalamocortical, thalamostriatal and corticostriatal projection systems are present in turtles, it is uncertain if these systems
utilize glutamate as a neurotransmitter, as has been shown to be the
case in mammals. Immunohistochemical localization of glutamate and
three of the AMPA type glutamate receptors subunits (GluR2/3 and
GluR4) were used to address this issue. Glutamate immunolabeling
was found to be intense in essentially all neurons of the dorsomedial
and dorsolateral thalamic nuclei in turtle, which appear to correspond
to the mammalian intralaminar thalamic nuclei. Intense glutamate
immunolabeling was also observed in neurons of the nucleus reuniens,
and less intense glutamate labeling was observed in neurons of the nucleus rotundus and dorsal lateral geniculate nucleus. These neurons
relay auditory (reuniens), visual tectal (rotundus) and retinal
(geniculate) information to the telencephalon. Within the telencephalon, the pallia! cell groups receiving thalamic input (i.e. the
dorsal cortex, pallia! thickening and the dorsal ventricular ridge)
were in rich in glutamatergic neurons. Additionally, these regions
were pervasively rich in neurons possessing GluR2/3 subunits and a
small subpopulation were rich in GluR4 subunits. A similar distribution of GluR2/3 and GluR4 subunits was found in the striatal part of
the basal ganglia, and the pallidal region was specifically rich in large
neurons possessing GluR4 subunits. These results indicate the thalamostriatal, thalamocortical and corticostriatal projections systems of
turtles to be glutamatergic. Supported by NS-19620, EY-05298 (A.R.).

HUMAN NT2-N NEURONS EXPRESS THE NR1 and NR2B
SUBUNITS OF THE NMDA RECEPTOR P. McGoniale*. L. Lu.
B.B. Wolfe and M. Munir
Departments of Pharmacology,
University of Pennsylvania and Georgetown University.
In this study, we used modulation of glutamate excitotoxicity to characterize
pharmacological properties and specific antibodies to detect individual
subunits of NMDA receptors expressed by terminally differentiated NT2
neurons. The glycine site antagonist 7-chlorokynurenic acid completely
blocked glutamate toxicity in a dose-dependent manner. The polyamine
agonists spermine and spermidine enhanced glutamate toxicity in a dosedependent manner consistent with expression of a NR1-NR2B combination of
subunits. The polyamine antagonists putrescine and di-ethylene triamine had
no effect on toxicity. Surprisingly, the putative inverse agonists
diaminodecane and diaminododecane also enhanced toxicity in a dosedependent manner. The atypical antagonist ifenprodil completely blocked
glutamate toxicity with a uniformly high affinity characteristic of interaction with
the NR1-NR2B combination of subunits. Approximately 300 fmol/mg protein
of the NR1 subunit was detected with a specific antibody directed against a
fusion protein containing a region common to all of the known splice variants of
the NR1 subunit. Approximately 700 fmol/mg protein of the NR2B receptor
was detected with a specific antibody directed against this subunit. Neither
protein was detectable in undifferentiated cells. In contrast, only 12 fmol/mg of
the NR2A subunit was detected in NT2-N cells and 7 fmol/mg protein was
detected in undifferentiated cells. The pharmacological and immunological
results indicate that a functional NR1-NR2B combination of subunits are
expressed by these cells. There is no pharmacological evidence that these
cells form a functional combination of NR1 and NR2A subunits. The effects of
the inverse agonists may indicate the expression of a novel splice variant of
the NR1 subunit in these cells. (Supported by NS-08803 and GM-34781)

722.7

722.8

N-METHYL-D-ASPARTATE RECEPTOR (NMDAR1) SPLICE VARIANTS DIFFER IN
SELECTED REGIONS OF RAT CNS. M. Brodsky*. K. Elliott:. B. Warwick and C.
E. Inturrisi. ODpaattenn of PPaamaaoIogy. CConnll Univerrstt MMddcal
College. New York. NY 10021.
Thr NfDA receptor plays an important role it excitatory
nerrotranseission and neuronal plastis-ity, and is thought to be
involved in the mechanises of chronic pain and in er opioid tolerance.
Pharmacologically distinct (hoeoerrsc) receptors are expressed from the
eight cloned splice variants of the NMDAR1 subunit (la.lb through
4a.4b)
(HoHmam et
al..
Neuron 10:943,
1993).
Thus,
the
pharmacological profile of a neuronal population may depend on the
ratio of splice variants it expresses. We have used a ribonuclease
protection assay followed by phosphorit^er analysis to quantitatively
define the NMDAR1 splice variant ratios for selected regions of rat CNS
involved in tocioepUivr processing and opioid anti nociception, and for
the cerebellum (Cblm). 32P- P abel led riboprobrs were directed against the
N- and C-terminal splice sites, and tailored (by PCR) to yield
different size protected fragments. The taUso of the -a to -b types of
NMDAR1 splice variants is 1:2 in the spinal cord dorsal horn (SpC), 3:2
in nucleus raphe magnus (NRM). 1:1 in medial hypothalamus (Hyp). 5:1
in periaqueductal grey (PAG). 2:1 in midline thalamus (Thai). 5:2 in
sensorimotor cortex (Ctx). and 1:1 in Cblm. The ratio of the NMDAR1
variants at the C-terminal splice site, i.e. -1 to -2 to -3 to -4. is
(in X) 7:23:4:66 in SpC. 5:31:2:62 in NRM. 7:22:5:66 in PAG, 17:18:9:56
in Hyp. 15:26:8:51 in Thai. 41:17:15:27 in Ctx. and 13:31:5:51 in Cblm.
Thus, while SpC, NRM and PAG appear to have similar X ratios of the
splice variants at the C-terminal site, they differ markedly from the
ratios in diencephalon. Ctx, and Cblm. Our results illustrate the
differential distribution of the NMDAR1 splice variants in rat CNS.
which may contribute to the regional variation in the pharmacological
properties of the NMDA receptor. Supported by NIDA Grants DA07274.
DA01457. DA00198, and the VZV Research Foundation.
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IN SITU HYBRIDIZATION STUDIES OF THE DISTRIBUTION OF A CPPBINDING PROTEIN IN RAT BRAIN. R. Pal*. K.T. Eggeman. K.N. Kumar.
A.E.Allen and E.K. Michaelis. Dept, of Pharmacol. & Toxicol., the Higuchi
Biosciences Center, and the Mental Retardation Research Center, Univ. of Kansas,
Lawrence, KS 66045.
A complex of proteins that has recognition sites for NMDA receptor ligands was
isolated from rat brain synaptic membranes (Kumar et. al., J. Biol. Chem. 269,
27384-27393, 1994). Antibodies to three of the proteins, a 70 kDa glutamate binding
protein (GBP), a 54 kDa CPP-binding protein, and a 60 kDa glycine/TCP-binding
protein were used to demonstrate the presence of these three proteins in the complex
purified from synaptic membranes. The antibodies raised against the CPP-binding
protein labeled an 80-83 kDa protein in synaptic membranes and were used to screen
hippocampal cDNA libraries and to clone a 3.8 kb cDNA insert (Kumar et al., this
meeting). A 1.4 kb PstI fragment of the original 3.8 kb clone was used to synthesize
the antisense and sense cRNA probes used in the in situ hybridization studies. The
probes were labeled with psS]CTP. The results of the in situ hybridization studies
were indicative of high levels of expression of the mRNA for the CPP-binding protein
in cerebellum, hippocampus, dentate gyrus, and olfactory tubercle. Intermediate
levels of expression were detected in cerebral cortex, and relatively low levels in the
inferior and superior colliculus. An almost identical pattern of labeling was observed
when the antisense cRNA probes for the glutamate-binding protein were used. The
anti-CPP-binding-protein antibodies labeled the same population of cells as that
labeled by the cRNA probes structured on the basis of the 3.8 kb cDNA that was
cloned. Based on the results of both the in situ hybridization studies and the
immunohistochemical labeling it appeared that the CPP-binding protein of an NMDA
receptor-like complex was widely distributed in the rat brain and was most highly
expressed in areas of strong glutamatergic activity. (Supported by grants AA04732
and HD90-07).
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722.9
MEMANTINE INDUCES HEAT SHOCK PROTEIN HSP-70 IN
THE POSTERIOR CINGULATE AND RETROSPLENIAL CORTEX OF
RAT BRAIN. S.Tomitaka*. K.Hashimoto. N.Narita. Y.Minabe and

A.Tamura. Natl. Inst. Neurosci., NCNP, Tokyo and Dept. of Psychiatry,
Tokyo Women's Medical College
NMDA antagonists, e.g. MK-801 have been investigated for their
therapeutic potential in brain ischemia and other neuropathological
disease. However, the clinical potential of these agents may be limited
by the observations that these NMDA antagonists cause neuronal injury
or reversible neuronal swelling. This damage is manifest as a
vacuolization in neurons of the cingulate and retrosplenial cortices as
well as induction of the 70 kDa heat shock protein (HSP-70) in
neurons. Memantine (1 -amino-3,5-dimethyladamantane) has been
used clinically for the treatment of Parkinson's disease. It has been
reported recently that memantine have antagonistic effect at the NMDA
type of glutamate receptor. Although numerous studies have reported
the NMDA antagonistic properties of memantine, there are no data on
neurotoxic effects of memantine in vivo. To investigate the effect of
memantine in the CNS, the experiments were designed to examine the
neurotoxic potential of memantine using the induction of HSP-70 as a
marker of neuronal damage. Memantine (10-75 mg/kg. i.p.) was
injected into male SD rats. The immunochemistry of HSP-70 was
studied 24 hr after administration of memantine. The administration of
memantine produced the HSP-70 in the posterior cingulate and
retrosplenial cortex of rat brain, similar with other NMDA
antagonists. This result suggest that memantine have antagonistic effect
at NMDA receptor in vivo and raise the possibility that memantine may
cause neuronal injury.

722.11

SYNAPTIC AND SUBSYNAPTIC DISTRIBUTION OF GLUTAMATE
RECEPTOR SUBUNITS IN CEREBRAL CORTEX. Weinberg R.J..»
Popratiloff A.. Wenthold R.J.t and Kharazia V.N. Dept. Cell Biology,
UNC, Chapel Hill, NC 27599; tLab of Otolaryngology, NINDS 20892.
LM immunocytochemistry suggests that glutamate receptors
concentrate at synapses. This conclusion is generally supported also by
EM studies, though non-synaptic staining has also been reported. To
determine more accurately the location of these receptors, a new
postembedding gold technique was used to localize glutamate receptor
subunits in rat S-l. Analysis of gold particles coding for AMPA receptor
subunits GluRl, 2, 3 and NMDAR1 revealed that labeling concentrated
over active zones, with maximal density over the synaptic cleft and
postsynaptic membrane. Significant labeling was also found in
presynaptic terminals, especially for NMDA receptors. Subunits were also
found within dendritic cytoplasm, concentrating ~20 nm inside the
postsynaptic membrane. Distribution of all four receptor subunits across
the synaptic cleft was similar, however, subunits differed in their tangential
distribution along the active zone: GluRl and NMDAR1 concentrated in
central parts of the active zone, whereas GluR2 was denser at its periphery.
These results demonstrate that Glu receptor subunits are mainly at
synapses. Subsynaptic labeling may represent a reserve pool of receptor
proteins. We hypothesize that rapid translocation of receptor from this
pool into the synaptic membrane may be involved in certain types of
synaptic plasticity. Supported by NIH # NS-29879 (to RJW)

722.13

AMPA AND NMDA RECEPTOR SUBUNITS UNDERLYING FINE . CALIBER
PRIMARY AFFERENTS. Poprattioff A* Wenthold RJ.t. Weinberg R J. and
Rustioni A.. Dept of Cell Biology & Anatomy, UNC, Chapel Hill, NC 27599;
tLab. of Otolaryngology, NIH, Bethesda, MD 20892.
Glutamate is the major neurotransmitter in primary afferents terminating in the
dorsal hom of the spinal cord. Different classes of primary afferents may be
presynapiie to different glutamate receptors. We report initial results of an EM study
of the distribution of these receptors, using a new postembedding immunogold
technique. Rats were perfused with mixed aldehydes; sections, postfixed in tannic
acid (rather than osmic acid) and treated with iridium tetrabromide and
phenylenediamine, were processed as described previously (Phend et al., 1995) using
antibodies for the AMPA subunits GluRl, GluR2/3 and NMDAR1. The
distribution of gold particles coding for these antigens over different types of
terminals was studied. Counts from all terminals in lamina II identifiable on
morphological grounds as primary afferent terminals showed that die large majority
of particles were in a region between 30 nm outside, and 40 nm inside the
postsynaptic membrane. Panicles coding for GluRl and GluR2/3 were almost
exclusively associated with the postsynaptic membrane; particles for NMDAR1
were also present more than 30 nm presynaptic to the active zone. Preliminary
results indicate that primary afferent terminals of different morphologies, likely to
exhibit differing functional properties, contact the GluRl, GluR2/3, and NMDAR1
subunits in differing proportions. Terminals likely to release both glutamate and
neuropeptides were more likely than others to be presynaptic to NMDA receptors.
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722.10

CONFOCAL IMAGING OF A GLUTAMATE RECEPTOR
SUBUNIT ON LIVING HIPPOCAMPAL NEURONS S.A,

W.W. Anderson1 *.J.M. Henley1 and G.L. Collingridge1 ^ept. of
Anatomy, Medical School, University of Bristol, Bristol BS 8 1TD, U.K.
Depts of Pharmacology 2 and Biochemistry University of Birmingham,
Birmingham B15 2TT, U.K. 4 MRC Anatomical Neuropharmacology
Unit, University of Oxford, Oxford 0X1 3TH, U.K.
In order to observe glutamate receptor subunits in a living system, wellcharacterised polyclonal antibodies directed against the extracellular Nterminus of the AMPA receptor subunit GluRl were applied to
hippocampal neurons in culture. GluRl immunoreactivity was visualised
by the addition of fluorescent secondary antibody and by confocal laserscanning microscopy (BioRad MRC 600 U/V). On the soma and
dendrites of mature neurons puncta of immunoflourescence were
observed. In contrast glial cells were immunonegative. In doublelabelling experiments the majority of GluRl immunoreactivity was
associated with that of synaptophysin, although some extrasynaptic
labelling was also apparent. Using a technique that enables
discrimination between membrane-bound and intracellular
immunoreactivity, cytosolic GluRl immunofluorescence was present
predominantly in the soma of hippocampal neurons, although some
intracellular immunoreactivity was also present in primary dendritic
regions. In addition, a few neurons that did not express GluRl on the
plasma-membrane displayed considerable cytosolic GluRl
immunoreactivity. These results demonstrate the viability of
differentiating between populations of surface and intracellular receptor
subunits.
Supported by the MRC and Wellcome Trust.

722.12

SYNAPTIC LOCALIZATION OF AMPA AND NMDAR1 RECEPTOR
SUBUNITS IN RAT CEREBRAL CORTEX. Kharazia V.N.*. Phend K..
Wenthold R.jt and Weinberg R.J. Dept, of Cell Biology & Anatomy,
UNC, Chapel Hill, NC 27599; tLaboratory of Otolaryngology, NINDS,
NIH, Bethesda, MD 20892.
We used postembedding immunogold labeling to study synaptic
localization of glutamate receptor subunits on dendrites of cortical
neurons. In neuropil of layers II-III of S-l, AMPA-positive axospinous
synapses were ten times more frequently encountered than were AMPApositive axodendritic synapses, whereas NMDA-positive synapses were
only 4 times more likely to be axospinous than axodendritic. At least 90%
of synapses double-labeled for GluRl and GluR2 were axospinous,
whereas only 75% of synapses double-labeled for GluR2/3 and NMDAR1
were axospinous. Since the large majority of cortical synapses are
axospinous, these data suggest that NMDA receptors are concentrated on
dendritic shafts, whereas AMPA subunits are more uniformly distributed.
Supporting a differential distribution of AMPA and NMDA subunits,
NMDAR1 staining in layers I-1V was over smaller active zones than
GluRl or GluR2/3 staining (p< 0.001). Since most synapses onto
GABAergic neurons are axo-dendritic, we examined material doublelabeled for receptors and GABA. AMPA staining over axodendritic
synapses onto GABA-positive profiles was common, but NMDA staining
was rare. Thus, NMDA appears to concentrate at synapses onto dendritic
shafts of pyramidal neurons. Supported by NIH # NS-29879 (to RJW)

722.14

EXPRESSION OF THE NMDAR1 GLUTAMATE RECEPTOR
SUBUNIT IN COS-7 CELLS. J.E. Roth*. P.H. Franklin. T.F.
Murray and M, Leid. College of Pharmacy, Oregon State University.
Corvallis, OR 97331.
COS-7 cells were transiently transfected with the rat NMDAR1
(NR1) subunit and the pharmacologic properties of homomeric NR1
recombinant receptors characterized using radioligand binding
techniques. In addition, transient transfection of NR1 using
electroporation and calcium phophate precipitation methods were
compared. A 3.5 kb Hindim - StuI fragment containing the NRl-la
coding and flanking sequences was excised from pN60 (a gift from
S.Nakanishi) and inserted into the HindlH - Smal digested pTLl
(Leid et al., Cell. 68:377, 1992) to yield the eukaryotic expression
vector NR1. COS cells were cultured in Dulbecco's modified
Eagle’s medium and plated to a density of 5x10s cells/lOcm plate one
day prior to transfection. Cells were transiently transfected with 10
pg NR1 using a BTX ECM600 electroporation system or by calcium
phosphate precipitation. Inter-plate transfection efficiency was
normalized by co-transfection with pSG5-LacZ (a gift from Ph.
Kastner), a high copy number (S-gaactosidase expression vector.
Membrane homogenates derived from transiently transfected COS
cells showed specific binding of the glycine site antagonist [3H]5,7diehlorokynurenie acid (20 nM) 24 hours post-transfection.
Expression of NR1, as demonstrated by specific binding of pH]5,7dichlorokynurenic acid, was enhanced ten-fold (1.8 pmol/mg protein)
in COS cells transiently transfected by electroporation relative to
those transfected by calcium phosphate.
This work was supported by an MH grant to TFM (DA 07218).

1838

EXCITATORY AMINO ACID RECEPTORS:

RECEPTOR LOCALIZATION

WEDNESDAY PM

722.15

722.16

GLUTAMATE RECEPTOR SUBTYPES ON DISSOCIATED
MAGNOCELLULAR BASAL FOREBRAIN NEURONS IN CULTURE D.J.
Waters, T.G.J. Allen. J.A. Sim & D.A. Brown* Department of Pharmacology,
University College London, Gower Street, London WC1E 6BT, UK.
Glutamate is the principal fast excitatory neurotransmitter in the mammalian
CNS. We have attempted to identify subtypes of glutamate receptor present on
magnocellular cholinergic cells from rat basal forebrain nuclei (BFN). BFN neurons
were cultured from 12-14 day-old Sprague-Dawley rats (Allen, Sim & Brown
(1993) J. Physiol. 460 91-116.) After 5 days to 3 weeks in culture, magnocellular
cells were voltage-clamped using the whole-cell variant of the patch-clamp
technique. Responses to glutamate receptor agonists were studied by pressureejection from a glass micropipette or by bath-application.
Pressure-ejection of N-methyl-D-aspartate (NMDA) elicited an inward current
with two components; one rapidly desensitizing and one sustained. Both
components were sensitive to ImM magnesium and to 2-amino-5phosphonopentanoate (AP5). Pressure-ejection of a-amino-3-hydroxy-5-methyl-4isoxazole propionic acid (AMPA) elicited an inward current with rapidly
desensitizing and sustained components. Both components were antagonised by
kynurenic acid and by 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX). Bathapplication of AMPA produced a large steady-state current with an EC50 of
approximately 3jtM. Bath-application of the benzothiodiazide cyclothiazide greatly
potentiated AMPA-induced current whereas the lectin concanavalin A had little
effect. Pressure-ejection of the non-NMDA agonists kainate and domoate elicited
a sustained inward current, which was sensitive to both kynurenic acid and CNQX.
Responses to pressure-ejection of domoate were reduced, but not eliminated, by
bath-application of AMPA. These data indicate the presence of an NMDA-type, an
AMPA-type and possibly a kainate-type receptor on these cells.
Supported by Eisai London Research Laboratories and the MRC.

ONTOGENESIS OF STRIATAL AMPA RECEPTORS IN THE RAT.
M.W. Jakowec*, V. Jackson-Lewis and S. Przedborski. Dept. Neurol.,
Columbia University, New York, NY, 10032.
Glutamate is a major component of the chemical
neuroanatomy
of
the
basal
ganglia.
Its
neurotransmitter/neuromodulator and
neurotoxic
actions
are
mediated by a variety of receptors. Thus far, little is known about the
ontogeny of these receptors in the striatum. Therefore, we have
examined the distribution of the transcripts GluR1 and GluR2 which
encode subunits of the non-NMDA a-amino-3-hydroxy-5-methyl-4isoxazole propionic acid (AMPA) receptor within the striatum of the
developing rat brain using in situ hybridization histochemistry. We
found that transcripts encoding the subunit GluR1 are expressed at
high levels in the striatum at postnatal days 2 and 7. In contrast, they
are expressed at low levels in the adult striatum. Transcripts
encoding the AMPA subunit GluR2 seem to follow the same pattern
in that they are expressed at a higher level in neonates than in
adults. Nevertheless, the difference in the level of expression
between the neonate and the adult striatum is less dramatic for
GluR2 than for GluR1. These results indicate that there are
fundamental phenotypic differences in the subunit composition of
AMPA receptors of neonates and adults. This phenomena may play
a significant role in the establishment of proper synaptic circuitry
within the developing striatum as well as contribute to differences in
susceptibility to injury and disease in the aging brain.

722.17
DEVELOPMENTAL STUDIES OF NMDA RECEPTOR SUBUNITS IN
RAT BRAIN. J.-H. Luo. Y.-H. Wang. T.Z. Bosv. R.P. Yasuda. B.B.
Wolfe*. Dept Pharmacology Georgetown Univ. Sch. of Med.,
Washington,D.C. 20007

Developmental profiles of NMDA R1, R2A, and R2B subunits
were determined in rat CNS. Quantitative immunoblots were used to
determine protein levels. In all brain areas measured, levels of NR1
subunit increased 2.5-4.5 fold during the first three weeks after birth.
There were large differences in the amounts (pmol/mg) of NR1 subunit
expressed (2.5, HP; 1.3, CX; 1.0, OB; 0.85, MB; 0.41, CB). For NR2A,
low levels were expressed in newborns followed by a progressive
increase of this subunit from P7 to P22 at which time adult levels were
reached. The ontogenic profiles of NR 1 and NR2A were similar to each
other and correspond with mRNA expression studies. Furthermore, the
absolute numbers obtained were close to those reported for [3H]MK801 binding site densities. In contrast, ontogenic profiles of NR2B
subunit were distinct in all brain regions. Typically, NR2B was
expressed at relative high levels at early ages (P2-P4) which
sometimes increased modestly over the next several days and then
decreased. Peak densities of NR2B subunit in various brain regions
were attained at different times (P4, CB; P7, CX; P11, MB; P16, HP).
In OB, the levels of NR2B subunit were almost constant over the entire
period tested. In CB, NR2B declined after P7 to undetectable levels at
P22. These data provide a rationale to explain functional changes in
NMDA receptor properties in different brain regions during
development. (Supported by NS28130, AG09973, AG09884)

GABA RECEPTORS V

723.1

REGULATION OF GABAa al SUBUNITS, NEURONAL GROWTH AND
SURVIVAL BY GABAa RECEPTOR LIGANDS IN EMBRYONIC RAT
BRAINSTEM CULTURES. J. Liu*1. A.L.Morrow2 and J.M.Lauder1. ‘Dept, of Cell
Biology and Anat., 2Dept. of Psychiatry, Univ. of N. Carolina, Chapel Hill, NC
27599.
Previous studies have indicated the presence of functional a, p, y and 8
subunits of GABAa receptors in embryonic rat brainstem cultures. GABA or GABAa
antagonist bicuculline differentially regulate the survival of brainstem monoamine
and GABA neurons (Liu et al., 1994). In the current study, dissociated cultures were
prepared from embryonic day 14 (E14) brainstem and cultured in BME + 10%
NuSerum for 1 day in vitro (DrV , then treated for 48 hrs with 10 pM GABA and
/or 10 pM bicuculline or the organochlorine pesticide dieldrin in serum-free
medium. Effects of GABAergic agents on relative levels of al protein were
determined by quantitative immunobinding assays and absolute amount of al
mRNA transcripts were quantified by competitive PCR. Results indicated that
expression of al protein and mRNA were up-regulated by both bicuculline and
dieldrin. Effects on survival of neurons were quantified by counts of immunoreactive
cells. GABA promoted survival of 5-HT and TH neurons. Dieldrin blocked this
effect, and by itself had inhibitory effects on survival of these cells and stimulatory
effects on survival of GABA neurons. Cell size, shape and complexity of neurite
outgrowth by 5-HT, TH and GABA neurons were analyzed by computer-assisted
morphometry. GABA, bicuculline and dieldrin also had differential effects on
neurite outgrowth by these neurons depending on their neurotransmitter phenotype.
These results support the hypothesis that GABA is an important trophic signal for
developing monoamine neurons and may regulate expression of its own receptors
during brain development. GABAa antagonists, such as organochlorine pesticides
may interfere with this regulation. Supported by NIEHS grant to JML. The authors
thank Dennis Grayson for providing al internal standards for competitive PCR.
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723.2
GABAa RECEPTOR
SUBUNIT mRNA PROFILES IN SINGLE
DEVELOPING CEREBELLAR GRANULE CELLS. E. V. Grigorenko*. T.
Y. Rikhter and H. H. Yeh. Dept. Physiology & Pharmacology, Bowman
Gray School of Medicine, Winston-Salem, NC 27157
Although GABAa receptor (GABAa R) subunits are differentially
expressed during brain development, the changes in subunit profiles
remain to be analyzed for individual neurons. We are examining the
molecular profiles of GABAa R subunits in the postnatal cerebellum
and in single cerebellar granular cells developing in situ and in culture.
In whole cerebellar tissue, prominent expression of the a 1,02
and k S subunits were detected by birth and remained relatively
constant throughout the first two postnatal weeks. Other subunits
tended to increase either progressively (y2L) or abruptly (e.g. 06 and
6) around the time of formation of the granule cell layer. Granule cells
derived from postnatal day 8 cerebellum were also maintained in long
term cultures. Single cells maintained for 4, 9 and 13 days in culture
(DIC) were harvested and profiled for representative messages
normally expressed in mature granule cells, i.e., ar1, a6, 02, 03, y2S
and 6. To date, the o1 and 02 messages have been detected by 4
DIC, and a6 by 9 DIC. The abrupt increase in the expression of the
6 subunit message was observed around 7 DIC.
Our data indicate that GABAa R subunit genes are differentially
and developmentally regulated. The demonstration at the single cell
level carries the analysis to identified individual developing neurons,
providing prerequisite information for a systematic developmental and
functional analysis of GABAa R expression in the cerebellum.
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723.4

GABAa

CURRENTS IN DEVELOPING MEDIAL
SEPTUM/DIAGONAL BAND (MS/DB) NEURONS. S.-H. Hsiao1.
J.R. West2 & G.D. Frye1*. Dept. of Med. Pharmacol. & Toxicol?, Dept.
of Med. Anat.2, Texas A&M Univ. Col. of Med., College Station, TX
77843-1114
The GABAa receptor is a ligand-gated Cl' channel which plays
a prominent inhibitory role in the adult central nervous system. During
postnatal development, the expression of GABAa receptor subunits
undergoes major changes (Laurie et al., J. Neurosci. 12:4151,1992) and
receptor function may shift from mediating excitation to inhibition
(Gaiarsa et al., J. Neurobiol. 26:339,1995). The present study examined
changes in GABAa currents in acutely dissociated neurons from MS/DB
of postnatal male and female Sprague Dawley rats. Two age groups of
rats were examined: pups (pn4-10) and juveniles (pnl 1-16). GABA (0.3300 /iM) response curves were concentration- and developmentdependent. The maximum GABA response of the juvenile group
(338.7±66.4 pA/pF, n=12) was significantly larger than that of pups
(176.8±25.8 pA/pF, n=ll; p>0.05). The Ka values changed as well
(7.66±1.50 /iM juveniles vs 3.64±0.71 /iM pups; p<0.05). The Hill
coefficient (1.71 ±0.11 vs 1.86±0.16; p>0.05) and capacitance
(16.12±1.47 vs 12.95±1.26; p>0.05) did not change for juveniles vs pups,
respectively. These data suggest that there are significant changes in
GABAa receptor function in MS/DB neurons during early development
in the rat. Supported in part by AA06322 (GDF).

723.5

DEVELOPMENTAL INDUCTION of GABAa RECEPTOR a 1-SUBUNIT
POLYPEPTIDES IN CHICK EMBRYO CORTEX AND DERIVED
NEURONS IN CULTURE. J.D. .Miranda* and E.M. Bames. Jr. Division of
Neuroscience, Baylor College of Medicine, Houston, TX 77030.
In order to produce high-titer antibodies which are capable of recognizing
native GABAa receptor subunits, we have produced fusion proteins containing
selective receptor sequences from the intracellular loop region. The chick
GABAa receptor al(331-381) subunit sequence was expressed as a fusion ■
protein containing a hexahistidyl leader peptide, purified by Ni2+-affinity
chromatography, and used for rabbit immunizations. The resulting RP4
antiserum showed a high titer for immunoprecipitation of receptor ligand
binding to cortical extracts from chick embryos 16 days in ovo. Representing
the threshold for antibody saturation, 1 |il of crude antiserum was able to
immunopreciptate 61% of 3H-flunitrazepam binding. The antiserum is also
selective because no cross reaction was detected on slot blots of (2S(317-428)
or (4S(316-437) fusion proteins. Western blots utilizing a 1:1000 dilution of
the RP4 immune serum showed a reaction with a single 50-51 kDa
polypeptide from chick embryo cortex. This protein was not detected in heart,
liver or skeletal muscle. Similar analysis on immunoblots revealed an increase
in the expression of the GABAa receptor a 1-polypeptide in chick cortical
neurons from day 2 to day 6 in culture and in chick cerebral cortex from
embryonic to adult stages. In both cases this pattern of developmental
expression was similar to that found previously for induction of the major
ligand binding sites of GABAa receptors.
Supported by DK17436, MH47715, GM14156, and NS 11535 from NIH.

723.6

A RHO-LIKE GABA RECEPTOR SUBUNIT IS TRANSIENTLY EXPRESSED
IN NEONATAL RAT BRAIN.M.Mladinic,E.Cherubini*.Biophvs.Lab..lnt.Sch.
Adv. Studies (SISSA), 34013Trieste, Italy.
A novel bicuculline and baclofen insensitive chloride mediated response
has been described in neonatal hippocampus (Strata&Cherubini,
J.Physiol.480,493-503,1994).This response clearly resembles the one present
in the retina and supposed to be mediated by GABAc receptors. It is
conceivable that this new receptor channel is an heterooligomeric protein
assembled from the rho1 subunit.To see whether a rho-like GABA receptor
subunit is present in the rat brain, in situ hybridization on brain sections from
neonatal and adult rats was performed. Rho1 and rho2 GABA receptor
subunit specific antisense oligonucleotide probes as well as another probe
that revealed both rho1 and rho2 subunits (rho1+rho2) have been used. The
rho1 probe was homologous to the 1325-1372 nucleotide sequence of the
rtiol gene (Cutting et al., Proc.Natl.Acad.Sci.USA, 88,2675,1991) and the
rho2 probe to the 1249-1296 nucleotide sequence of the rho2 gene (Cutting et
al.,Genomics,12,804,1992). The rho1+rho2 probe was homologous to the
nucleotide sequence of the rho1 gene (1130-1174) and nucleotide sequence
of the rho2 gene (1042-1086). As a positive control a beta3 subunit specific
antisense probe was used. Negative control were sense oligonucleotide
probes. The same probes were utilized to hybridize sections of the rat retina.
The autoradiographic signals obtained with rho1 and rho2 probes were low in
the neonatal as well as in the adult brain. However signal obtained with
rho 1 +rtio2 probe was suprisingly strong in the neonatal brain sections,
expecially in the forebrain or in the hippocampus. In the retina high signals
with all three rho probes were obtained.In the aduit brain the signal obtained
with rho 1+rho2 probe was present only in the cerebellum but comparing to
neonatal brain was lower.These results strongly suggest that a novel rho-like
subunit is expressed in the neonatal brain during a critical period of postnatal
development.

DIFFERENTIAL INTERACTION BETWEEN NEUROACTIVE
STEROIDS AND DIAZEPAM AT THE GABAa RECEPTOR IN
RAT FETAL VS ADULT BRAIN. C.K. Kellogg* and G.L. Pleger.
Dept, of Psychology, Univ. of Rochester, Rochester, New York,
14627.
Specific neuroactive steroids elicit positive modulatory effects on
the Ga BAa receptor. This observation, coupled with our
observations that prenatal exposure to diazepam (DZ) alters neural
and behavioral stress responses that emerge over adolescent
development under the influence of gonadal steroids, led us to
hypothesize that neuroactive steroids may exert organizational
influences during development via the GABAa receptor. Early
exposure to DZ could alter this influence. Measuring GABAstimulated 36chloride influx in synaptoneurosomes prepared from the
cerebral cortex of adult males and fetal forebrain at 20 days gestation,
we evaluated the interaction between DZ and neuroactive steroids that
affect the GABAa receptor and that could be present in fetal tissue
during gestation. The 3a,5p progesterone metabolite, pregnanolone
(P, 500 nM), increased the potency (decreased the EC50) of GABA
in both adult male and mixed-sex fetal tissue by 38-48%. DZ also
increased the potency a comparable amount in adults, but the effect
was much more pronounced in fetal tissue (a 77% decrease). The in
vitro addition of both DZ and P had an additive effect in the adult but
in fetal tissue, the potent effect of DZ masked an effect of P. The
testosterone metabolite, androsterone (2.5 pM), also decreased the
EC 50 in adult and fetal tissue (separated by sex), but the effect was
more pronounced in fetal tissue, particularly in female forebrain.
Supported by Grant No. DA 07080.

723.7

723.8

PRENATAL DIAZEPAM EXPOSURE: INFLUENCE ON BASAL
AND STRESSOR-INDUCED mRNA LEVELS FOR GABAa
receptor
subunits . A.A. Roberts*. M.H. McCollum. G.L.
Pleger. and C.K. Kellogg Dept, of Psychology, Univ. of Rochester,
Rochester, New York, 14627.
Developmental modulation of GABAa receptor function, via
administration of diazepam (DZ) to the pregnant dam, alters behavioral
and GABAa receptor responsiveness to stressors in the exposed adult
rat. Recent studies have also shown that the molecular composition of
the GABAa receptor is linked to pharmacologic responsiveness of the
receptor. Furthermore, exposure to acute environmental challenges
changes mRNA levels of specific receptor subunits. In this study, we
evaluate the effect of exposure to DZ (2.5 mg/kg) over gestational days
14-20 on basal mRNA levels for ai and a2 Ga BAa receptor subunits
in the cerebral cortex, hippocampus, and hypothalamus of adult (60-70
days) male rats. The results are compared to those from animals
exposed over the same period to vehicle (4-0% propylene glycol, 10%
ethanol) or co-exposed to DZ and the antagonist flumazenil (10 mg/kg).
Early exposure led to a significant 15% increase in the basal level of
mRNA for ai in the cerebral cortex. This effect of DZ was prevented
by co-exposure to flumazenil. There was no change in ai mRNA in
any other region, and a2 mRNA was unaffected in all regions
examined. Because early DZ exposure interferes with environmentspecific social behavior, we have examined the effect of this challenge
on mRNA for the two subunits. In naive adult male rats, cortical
mRNA for al is significantly increased by 10 min of testing in either a
familiar or novel environment. The impact of early DZ exposure on this
response is being evaluated. Supported by Grant No. DA 07080.
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QABAf-a RECEPTOR COMPLEX IS INVOLVED IN SEXUAL DIFFERENTIATION OF PARENTAL
BEHAVIOR.

Del Cerro, M.C.R. (3); PSrez-Laso, C.; Rodrfjgiez-Zafra, M.; Ortega, E. (2); Claro, F.; Ambrosio,
E* Izquierdo, M.A.P.; Guillamdn, A. and Segovia, S. (1) . Departamento de Psicobioiogfa,

Ciudad Universitaria 8ln, U.N.E.D. 28040 MADRID. SPAIN. (2) Departamento de Boqufmica
y Bologfa Molecular, Facultad de Medicina. Universidad de Granada. GRANADA. SPAIN.*
In this work we study the effects of experimentally induced changes in the opening frequency
of Cl' channel of the GABAa /BDZ receptor complex on the sexual differentiation of maternal
behavior (MB) and its correlation with morphological and/or endocrine alterations. Our
rationale is as follows: 1) MB is a sexually dimorphic behavior; 2) MB is under hormonal
control and tonic vomeronasal inhibition; 3) The vomeronasal system (VNS) is a sexually
dimorphic neural system; 4) GABA is present in about 90% of the accessory olfactory bulb
(AOB) granular populations; 5) Diazepam (DZ) postnatal injections during neural sexual
differentiation period induce a feminine morphological pattern of the AOB (volume and neuron
numbers)in the male rat and facilitates the induction of MB in virgin females when adult; 6)
DZ increases the the opening frequency of the Cl' channel of the GABAa/BDZ receptor, while
Picrotoxin (PIC) reduces it.
We hypothesize that treatment during developmental periods with drugs acting in an opossite
way on the GABAa /BDZ Cl' channel (DZ/PIC), would cause opossite behavioral, morphological
and/or endocrine effects.
Ffty rat pups of the Wistar strain were randomly divided in the day of birth into four groups:
a) untreated males (UT males N = 15); b) 2.5 mg/Kg of DZ s.c. injected males (DZmales
N = 10); c) untreated females (UT females N = 15) and d) .5 mg/Kg PIC s.c. injected females
(PIC females N = 10). MB test was initiated at 90 days of age, during 12 consecutive days.
MBR Software was used to register MB. Blood samples were collected before transcardiac
perfusion, AOB removed and histologically processed.
DZ treatment significantly increased the following MB patterns in relation to UT males and PIC
females: Nest score, grooming, licking and physical contact to pups and percentage of
animals reaching sensitization criteria (2 consec. days of complete retrieval). DZ males did not
differ from UT females in any behavioral pattern, except in licking.
Our results indicate that Cl' channel is involved in the sexual differentiation of the VNS.
This work hasbeen supported by DGICYT PM91-O27 (2) and PBJ3-0291-C03- = 3 (3).
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LOSS OF Na,K-ATPase a3-ISOFORM mRNA EXPRESSION IN THE
INTERNEURONS OF AGING RAT HIPPOCAMPUS. N. B. Chauhan^md G.
J. Siegel . CelluluranaMolecelurNeueuscienen,Deperanent ofNeueulogy, H ines
VA/Loyola University Chicago,, Hines, IL 60141.
Age-selateM changes in the expression of Na,K-ATPase al- and a-3 isofosm
mRNA in young (3 month, N=6) and old (24 month, N=6) Fisches-344 male sat
brains wese analyzed. In situ hybridization was rcNomed on 5 pm-thick paraffin
sections of rarafosmaldehyde-resfused bsains with [’■S] labeled sibopsobes.
Sections wese hybridized fos 21 h at 42°C, treated with RNase A, washed and
exposed to NTB-2 Kodak emulsion for 4 weeks at 4°C. After development and
counterstaining with cresyl violet, grains wese counted under dark-field
illumination with the use of the BioQuant Image Analyzes. Sense controls
showed no significant labeling. Total grains wese counted in 10 squares of 2502
pm2 in each of stratum moleculare (SM), stratum sadiatum (SR) and stratum
osiens (SO), and over the single intemeurons within each square. The results
show: (1) Specific labeling of a3-mRNA in the young sat over medium- and
large-sized intemeusoss within SM, SR and SO in the form of grain clusters. (2)
In addition, fine grains related to al - and a3-mRNA are distributed diffusely
throughout SM, SR and SO. (3) Aging resulted in more than 95%; loss of a3mRNA clusters over the istemeusons within SM, SR and SO, with no significant
change in the cell density. (4) The diffuse fine* grain density fos a3-mRNA,
excluding intemeuross, in the old sat did not show any significant change relative
to the young (P>0.05) (ANOVA, unpaired, two-tailed Student-/ test). (5) Hie
diffuse density of al-mRNA grains in SM, SR and SO increased by 8 to 10 times
in the old sats (P<0.0001). The increased al-mRNA may be due to age-related
glial hyperactivity. The loss of neuron specific a3-mRNA in the GABAesgic
intemeusoss may reflect an early change in GABA-mediated inhibition undeslying
age-selated memory and cognitive deficits. (Supported by Rush Alzheimer's
Disease Center and Pott's Foundation, Loyola University)

723.11

Multiple Kinases differentially modulate GABAergic
conductances in cultured retinal neurons E.Wexler*. P.K.Stanton.
S.Nawv: Depts. Neuroscience, Neurology and Ophthalmology and
Visual Sciences,
GABA gated chloride channels have been found to be present in all
types of retinal neurons. The most thoroughly studied are those
belonging to the classically defined "GABAa" subtype. The
responses mediated by these receptors are characterized by a rapid,
non-voltage dependent desensitization and competitive antagonism by
bicuculline. Studies by other investigators have demonstrated the'
presence of multiple consensus sites for phosphorylation by a variety
of protein kinases. The effects of these kinases upon GABAergic
responses were investigated in cultures of retinal ganglion cells using
fast flow perfusion and conventional whole-cell recording techniques.
In agreement with (Veruki and Yeh 1994), we find that the
application of Vasoactive Intestinal Peptide (lp.M), which is to
known activate adenylate cyclase, transiently potentiates GABA
evoked responses in ganglion and bipolar cells. Either PhorbolDiacetate (1O<iM) or Phorbol-DiButyrate (lpiM), in the intracelluar
pipette solution did not alter the rate at which GABA responses
rundown. In order to examine the effect of PKG mediated
phosphorylation. we perfused extracellularly with a cell permeant
cGMP analogue known to activate PKG. One minute application of
either 8Br-cGMP 1 mM resulted in a 15% decline in the GABA
evoked response as compared to 2.6% for controls. In sum, ganglion
cells are able to fine tune their response to GABA by selective
activation of different protein kinases. Supported by NIH grant EY10254, and ALCON Laboratories.

723.12

POSSIBLE ALTERATIONS IN [35e]t-BUTYLBICYCLOPHOePHORO-

THIONATE (TBPS) BINDING AFTER IN VITRO PHOSPHORYLATION
OF GAB Aa RECEPTOR: AN AUTORADIOGRAPHIC STUDY T. Ito*, T.
Suzuki. S. E. Wellman and I.K. Ho. Dept. of Pharmacol. & Toxicol.,
Univ.of Mississippi Med. Ctr., Jackson, MS 39216
Increasing reports on intracellular regulation of the GABAa receptor
show possible involvement of phosphosylation/dephosphorylation of the
receptor. Consensus sequences for protein kinase(s) are inferred from some
subunit DNA sequences. Electrophysiological studies reveal that
desensitization and/or “run-down” of GABAa receptors may be related to
their state of phosphorylation. In this study, alterations in GABAa receptors
caused by phosphorylation were visualized using receptor autoradiography.
Frozen sat brain slices wese treated with 50 pM Mg-ATP at physiologically
relevant conditions after pseincubation in 50 mM phosphate buffer with 200
mM NaCl and 1 mM EDTA. Treated slices wese then incubated in the
phosphate buffer with 3 nM [’■’’SITBPS. Major alterations wese observed in

the cerebellum. Binding was decreased in the granule cell layer (-39% of
control), while that in the molecular layer showed an incsease(+26% of
control). Because the a, subunit is localized to the granule cell layer, the
observed increase maybe related to this subunit. Moreover, since the mean
changes in binding were in either direction, the effect of phosphorylation
might be region-specific. Although this is an indirect assay fos receptor
phosphorylation, our method detected region-specific alterations that
biochemical studies can not detect. It may be a powerful and versatile tool
fos studies of receptor phosphorylation for other receptors as well as fos
GABAa receptors, (supported by NIDA-04480)

PHOSPHATASE INHIBITORS SHORTEN IPSC DECAY BY
ALTERING GABAa CHANNEL KINETICS.
M.V. Jones* and G.L. Westbsook. The Vollum Institute, Portland, OR 97201.
Phosphorylation and derhosrhcsylatios ase potentially important mechanisms
fos regulating the shape of inhibitory rostsysartic currents (IPSCs), but have
usually been studied with long applications of low GABA concentrations. The
synaptic GABA transient, however, is thought to be quite high and brief.
Thesefose, we studied the effects of phosphatase inhibitors on the decay of IPSCs,
and on chloride currents activated by brief (2-10 ms) pulses of saturating (1-10
mM) GABA to outside-out patches.
Cultured rat hippocampal neurons and patches were voltage clamped (-60 mV,
25°C) using Cs or KCl-based pipette solutions (5 mM ATP, -50 s M free Ca2+
with BAPTA). We evoked autaptic IPSCs with 5 ms steps to +60 mV. A
piezoelectric device was used to exchange costrol asd GABA-costaisisg solutioss
is patch experiments. Whole-cell recordings were held for >200 seconds before
pulling patches when phosphatase inhibitors or ATPyS were present in the patch
pipette. All current decays were best fit with two exposestials, but for simplicity
are expressed as as average time constant: T = (Amp, x t,) + (Amp2 x t2).
ATPyS (5 mM) significantly (p < 0.05) shortened IPSC decay from 89 ± 32
ms (s = 4, mean ± SD) to 39 ± 9 (s = 3), as did the serine/threonine phosphatase
inhibitors calciseuris inhibitory peptide (CIP, 300 (iM, 32 ± 8, s = 5) or okadaic
acid (OA, 5 j M, 45 ± 12, s = 6). ATPyS, CIP asd OA also significantly
shortened the patch current decay from 122 ± 40 ms (n = 13) to 45 ± II (ATPyS,
s = 9), 64 ± 20 (CIP, s = 4) asd 52 ± 26 (OA, s = 4). These results suggest that
under synaptically relevant stimulation, prolonged GABAa channel gating
requires serine/threosise phosphatase activity. Dynamic regulation of endogesous
phosphatase activity may thus produce >2-fold changes is the duration of IPSCs.
[Supported by NIH grants ROl NS26494 asd F32 NS09716.]

723.13

723.14

Norepinphrine
and
c AMP Enhance
Dentate
Granule
Cell
GABAa Receptor
Currents
Jaideep Kapur* and Robert L
Macdonald Dept. of Neurology, University of Michigan, Ann Arbor, Ml 48104.

GABA RECEPTOR FUNCTION IS MAINTAINED BY ADENINE
NUCLEOTIDES IN ACUTELY DISSOCIATED COCKROACH NEURONS.
G.B. Watson* and V.L. Salgado.
Insect Management Biochemistry,
DywElancy, Indianapolis, IN 46268.
While vertebrate GABA receptors have been shown to be regulated
intracellularly by phosphorylation, little is known about the intracellular
regulation of insect GABA receptor function. Toward this end, small
diameter (< 25p) neurons from the sixth abdominal ganglion of the American
cockroach, Periplaneta americana, were enzymatically isolated and
responses to exogenously applied GABA were recorded using the whole-cell
patch damp technique. With a minimal intracellular medium, responses to
repeated applications of GABA decreased to zero within a few minutes. The
rate of rundown of GABA responses was decreased by the phosphatase
inhibitors microcystin and okadaic acid, and accelerated by the inclusion of
protein kinase A inhibitor (PKI) in the intracellular solution, strongly
suggesting that phosphorylation is necessary for the maintenance of
cockroach GABA receptor function.
When added to the intracellular medium, 5 mM ATP completely blocked
GABA response rundown. ADP also slowed GABA response rundown, but
responses stabilized at a level about half that seen with ATP. In the
presence of PKI, ATP was only as efficacious as ADP in slowing rundown.
PKI had no effect on the ability of ADP to slow rundown, suggesting that the
(-phosphate of ADP is not involved in PKA-dependent phosphorylation of
the GABA receptor. Guanine nucleotides had no demonstrable effect on
GABA responses. These results suggest that in cockroach neurons, GABA
receptor function is maintained intracellularly by adenine nucleotides, not
only by phosphorylation, but also by an interaction with a nucleotide
recognition site unrelated to PKA-dependent phosphorylation.

There is an association of noradrenergic and GABAergic terminals on the
perikarya and dendrites of dentate granule cells. The effect of noradrenergic
stimulation on GABA* receptor (GABAR) currents in dentate granule cells is
not known.
Dentate granule cells were acutely isolated and GABAR currents were
recorded using conventional whole cell-patch clamp methods. Drugs were
applied by rapid application system.
500 pM or 1 mM norepinephrine and the selective p-adrenergic agonist,
isoproterenol enhanced GABAR currents elicited by 30 pM or 1 mM GABA in
12/19 granule cells. 1 mM 8-Bromo - cAMP also consistently enhanced dentate
granule cell GABAR currents elicited by 30 pM or 1 mM GABA. The effect of
cAMP on GABA concentration response relationship was studied and the data
were fitted to a sigmoid dose response curve. Maximal current was enhanced
in all cells (42% +/-12% N = 4, p = 0.04) . The ECj* shifted to the left in 2 of 4
cells, from 99 pM to 20 pM (p = 0.28). We wished to test if norepinephrine and
cAMP were acting by activating cAMP-dependent kinase (PKA).
GABA
concentration response curves were obtained in dentate granule cell
populations with intracellular recording solution containing no ATP (Maximal
Igaba = 174 pA, EC50 = 84.2 pM, n = 7), ATP regeneration system (Maximal
Igaba = 531 pA, EC50 = 41.3 pM, n = 7) or catalytic subunit of PKA and ATP
regeneration system (Maximal I gaba = 712 pA, EC50 = 20 pM, n = 4).
Norepinephrine, Isoproterenol, cAMP, PKA and ATP consistently enhanced
maximal dentate granule cell GABAR currents, and produced a left shift of
GABAR concentration response curve.
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cAMP-DEPENDENT PROTEIN KINASE MODULATES THE FUNCTION OF
RECOMBINANT GABAa RECEPTORS IN MOUSE L929 FIBROBLASTS.
D.J. Hinkle*1. K.F. Haas1, and R.L. Macdonald2*. Neuroscience Program1 and Depts.
of Neurology2 and Physiology3, Univ. of Michigan, Ann Arbor, MI 48109
Many studies have demonstrated that phosphorylation modulates the function of
ligand-gated ion channels; however, the effects of phosphorylation on the yaminobutyric acid type A receptor (GABAR) remain controversial. In the present
study, we examined the effects of cAMP-dependent protein kinase (PKA) on the
function of recombinant rat a,p 1Y21. GABARs expressed in L929 mouse fibroblast
cells. GABAR currents were recorded using conventional whole-cell patch-clamp
methods with symmetrical chloride concentrations at holding potentials of -75 mV.
Complete GABA concentration response curves (1 pM- 300 pM) were obtained for
each condition examined. To reduce the variability often encountered when comparing populations of cells, a reimpalement protocol was used in which paired wholecell recordings were obtained successively from individual cells. When a standard
intrapipette solution was used for both the initial and reimpalement cell recordings,
GABAR peak currents (100-3600 pA) uniformly decreased (-29%, n=5) with minimal
change in EC50 (9.3 pM to 7.5 pM). In contrast, PKA catalytic subunit applied
intracellularly on reimpalement enhanced peak current amplitudes when compared to
the initial control impalement (+9% , n=13), with no significant shift in GABA EC50
(14.1 pM to 15.1 pM). This enhancement was not observed if protein kinase inhibitory peptide (PKIP), a specific PKA inhibitor, was coapplied with PKA in the recording pipette on reimpalement (-9%, n=5). A similar decline in peak current amplitudes
was seen on reimpalement with PKA in cells expressing recombinant receptors
containing the p, subunit mutation of serine 409 to alanine (-12%, n=6), a consensus
site for PKA phosphorylation in the putative cytoplasmic domain. These data indicate
that PKA phosphorylation of the p, subunit at a specific serine residue modulates
GABAR responses. Support by R01-NS03300 (RLM), T32NS07222 (KFH).

PROTEIN KINASE C MODULATES GLYCINE-ACTIVATED
CHLORIDE CURRENTS OF HYPOTHALAMIC NEURONS. Lz
H. Ye*, W.-H. Wu and J J. McArdle. Depts. of >AesthesioL &
Pharmacol., Nsw Jsrtsy Msd. Sch. (UMDNJ), Newark, NJ 07103.
Glycins (Gly) is ae important inhibitory transmitter ie Shs spinal
cord and other regions of Shs CNS. While Shs modulatory influence
of phosphorylation by protein kinass C (PKC) on ths Gly receptor
has bssn explored for LocySss injected with sithsr poly(A)+ mRNA
isolatsd from nsrvous tissue or synthetic mRNA, littls is known
about ths influence of PKC on ths native Gly recspSor protsin of
intact cslls. Thsrsfors, ws examined ths sffsct of phorbol dibutyrats
(PDBu), an activator of PKC, on Gly-activatsd current, IGly, of
hypothalamic nsurons frsshly isolatsd from ths brains of young
mics. IGly was recordsd with ths nystatin psrforatsd patch
tsceniqus in order to minimizs psrturbation of ths cytoplasmic
milisu that occurs with coevsntioeal whole csll recording. Bath
application of 1 pM PDBu consistently depressed IGly; for 7
separate neurons, peak IGly declined So 36.6 ± 15.5 % of control.
Although the time course of this effect was variable, peak
suppression occurred within 2-5 min after PDBu. For some
neurons, the suppression of IGly persisted while for others it
recovered even in the continued presence of PDBu. These results
suggest that the Gly receptor can be phosphorylated in vivo by
PKC. Thus, neurotransmitters affecting the activity of PKC could
profoundly alter the efficacy of Gly as an inhibitory neuromediator
in the CNS. NIAAA AA08025 and NIH NS31040.

723.17
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/calmoduun -dependent protein
ENHANCES GABAa AND GLYCINE RECEPTORS-MEDIATED
RESPONSES OF SPINAL NEURONS. R.A. Wang*. G. Chena. M. Kdai and M.
Randl6. Dept. of Vet Physiol, and Pharmacol, and Neuroscience Program, Iowa
State University, Ames, IA 50011.
Evidence exists for the regulation of y-aminobutyrig acid type A (GABAa ) and
glycine receptors function by protein kinase A and protein kinase C. in addition,
phosphorylation of GABAa receptor by calcium/calmodulin-dependent protein
kinase II (CaM-KII) has been recently demonstrated {J. Biol. Chem. 269:18111,
1994), suggesting a role for this kinase in modulating GABAa receptor function
in vivo. Here we report that in acutely isolated rat spinal dorsal horn (DH)
neurons, intracellufarty applied the a-subunit of CaM-KII increased GABA (520pM)- and muscimol (2-5plM)-actrvated currents (GABA: to 164.2% ± 10.3 of
control; n=14; muscimol: to 150.6% ± 6.3, n=4) recorded with the whole-cell
patch-clamp technique. This effect was associated with reduced desensitization
of the GABA response. Heat-inactivated CaM-KII (n=12) did not alter the GABA
responses. In addition, GABAA-mediated inhibitory postsynaptic potentials in rat
hippocampal CA1 neurons were enhanced by CaM-KII (to 204.4% ± 29.8, n=6).
Since GABA and glycine coexist in the DH, we examined the possibility of
modulation of glycine-activated current in DH neurons by CaM-KII. The a subunit
of CaM-KII increased (to 180.7% ± 22.9, n=7) glycine-induced current,
whereas heat-inactivated CaM-KII did not alter (to 109.3% ± 15.8, n=8) the
glycine response. These results suggest that the function of GABAa and glycine
receptors is enhanced by the a subunit of CaM-KII, either by direct CaM-KII
phosphorylation of the GABAa and glycine receptors, or indirectly through
phosphorylation of some membrane-bound regulatory proteins.
This
mechanism may contribute to long-term enhancement of inhibitory synaptic
transmission. (Supported by NS-26352 and IBN-9209462).
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REGULATION OF y-AMINOBUTYRIC ACID TYPE A
(GABAa ) RECEPTORS BY PROTEIN PHOSPHORYLATION.
B.J, McDonald*, G.H. Gorrie. B.J. Krishek^, C.N. Connolly.
A. Amato!. t .G. Smart1 and S.J. Moss.

MRC LMCB, University College London, WC1E 6BT and School
of Pharmacy, London WC1N 1 AX.
We have investigated the role of a number of protein
serine/threonine and tyrosine kinases in modulating the
function of GABAa receptors.
All p receptor subunits are phosphorylated on a conserved
serine residue by PKA, PKG, PKC and CamKII, the p 1 and p 3
subunits also contain a second site that is phosphorylated by
CamKII only. Both y2 subunit types (y2S and y2L) are
phosphorylated by PKC and CamKII,the y2L subunit having an
extra recognition site for both kinases. Receptor phosphorylation
by protein serine/threonine kinases reduces the response to
applied GABA, the magnitude of this effect being dependent on
subunit composition.
Coexpression of protein tyrosine kinase vSRC with receptor
subunits results in specific phosphorylation the pi, y 2S and
y2L subunits. Receptor tyrosine phosphorylation by vSRC
enhanced the response to applied GABA.
Our results suggest that GABAa receptors may be functionally
up-regulated or down-regulated via a number of signal
transduction pathways which may have profound effects on
inhibitory transmission in the nervous system.

723.19

723.20

AMINO ACID RECEPTOR EXPRESSION IN DEVELOPING
HYPOTHALAMUS: GABA EVOKES LARGE CURRENTS AT EARLY
EMBRYONIC AGE. G. Chen1*. P. O- Trombley2 and A. N. van den Pol1

OPTICAL RECORDING USING A VOLTAGE-SENSITIVE DYE
PROVIDES EVIDENCE FOR A NOVEL TYPE OF GABA RESPONSE IN
THE EARLY EMBRYONIC CHICK BRAINSTEM. K. Sato. Y. MomoseSato, T. Sakai. A. Hirota and K. Kamino*. Dept. of Physiol.,
Tokyo Med. and Dent. Univ. Sch. of Med., Tokyo 113, Japan.
Evidence for a novel y -nminobusydic acid (GABA) response
was found for glutaminergic excitatory posssynnpsic potentials
in ths sarly embryonic chick nucleus tracts solisndius (NTS),
using a multiple-site optical recording technique employing a
fast voltage-sensitive dys. In various areas of the vertebrate
central nervous system, it is known that release of GABA
provides inhibitory modulation of excitatory posssynnpsic
potentials. Classically, two classss of GABA receptors, GABAa
and GABAb , have been identified. The GABAa receptors are
blocked by the competitive antagonist bicuculline, and the
non-competitive blocker picrotoxin. The GABAb receptors are
specifically blocked by 2-hydroxysaclofsn.
In addition,
bicuculline- and
2-eysdoxysnclofen-insensiSive GABAc
receptors have been described. Ths GABA response found in
the present experiment was insensitive to GABAa antagonists
(picrotoxin, dieldrin, bicuculline, SR95531) and GABAb
antagonists (2-eyddoxysnclofen, pha^fe^ CGP35348), but was
stimulated by either muscimol or baclofen.

Sect. Neurosurg. l and Neurobiol.^, Yale Univ., New Haven, CT 06520.
Whole cell voltage and current clamp were employed to investigate the
developmental changes of GABA, glutamate, and glycine responses in cultured
embryonic neurons (N=140) from rat hypothalamus. Every neuron studied from a few
hours after plating at E15 to two weeks later responded to GABA (30 pM). The
currents evoked by GABA increased by 5-fold within two weeks in culture. The time
constants of the desensitization of GABA currents did not change during this period.
In younger cultures, GABA (5 pM) induced depolarization and action potentials rather
than hyperpolarization in gramicidin perforated current clamp recordings. Glutamate
and glycine mediated currents developed later than GABA mediated currents. Whereas
all neurons expressed GABA receptors, some developing neurons did not express
glutamate receptors or glycine receptors. The percentage of cells responding to
glutamate (500 pM) or glycine (500 pM) was 20% at 0 days in vitro (DIV), and
increased to 100% at 6 DIV. The glutamate and glycine mediated currents increased
by 20- and 50-fold within two weeks in culture. Astrocyte substrates increased the
amplitude of currents evoked by and the percentage of cells responding to both
glutamate and glycine, but had no effect on GABA mediated currents. The currents
and conductances elicited by GABA were much greater than those generated by
glutamate or glycine throughout the period examined, particularly evident in younger
cells. Each of the three amino acid evoked currents increased from El 5 (1 DIV) to
E20 (1 DIV), indicating an intrinsic development in the expression of the amino acid
receptors in vivo. The similarity of the GABA and glutamate evoked currents
between E15, 10 DIV and E20, 5 DIV (both 25 days after conception) suggests
parallel developmental patterns for amino acid receptor expression in vitro and in
vivo. These data suggest that GABA may play a dominant role, possibly an
excitatory one, in early development and that glutamate and glycine receptors may be
more sensitive to regulation by the cellular environment than GABA receptors.
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the GABAa RECEPTOR p4 SUBUNIT IS AN EMBRYONIC ISOFORM
IN THE CHICK CEREBRAL CORTEX. M.H. Jalilian Tehrani*, B.J.
Baumgartner, and E.M. Barnes, Jr., Dept, of Biochemistry, Baylor College of
Medicine, Houston, TX 77030.
Because of the great diversity of GABAa receptor subunits, selective
antibodies are invaluable reagents for examining receptor polypeptide
distribution and regulation. Since covalent labeling of these subunits is a
useful adjunct to such studies, it is important that the antibodies have high
titers for immunoprecipitation. Accordingly, polyclonal antibodies were
produced from an intracellular loop region of the chick GABAa receptor P4
subunit. The p4S(316-437) sequence was expressed as a fusion protein
containing a (His)e leader peptide, purified by Ni2+-affinity chromatography,
and used for rabbit immunizations. The resulting RK3-6 antiserum showed a
high titer (EC50 = 0.1 pi) for immunoprecipitation of 3H-flunitrazepam binding
from extracts of chick embryo cortex and reacted with a single 56-57 kDa
polypeptide on Western blots. After preabsorption of RK3-6 antiserum with a
p2S(317-428) fusion protein, a 1:104 dilution reacted strongly on slot blots
with 10 ng of the p4S(316-437) and p4L(316-441) fusion proteins but not with
those containing p2S(317-428), p2L(317-445), or al(331-381) GABAa
receptor subunit sequences. Saturating levels of the preabsorbed P4 antibody
immunoprecipitated 66 ± 3% and 38 ± 4.5% of 3H-flunitrazepam binding to
extracts from 16-day-old chick embryo and adult chicken cerebrum,
respectively. The results suggest that the P4 subunit of the GABAa receptor
represents an embryonic isoform.
Supported by DK17436, MH47715, GM14156, and NS 11535 from NIH.

PEPTIDE RECEPTOR STRUCTURE AND FUNCTION IV
724.1

724.2

CLONING AND CHARACTERIZATION OF THE RAT GALR1
GALANIN RECEPTOR FROM RIN 14B INSULINOMA CELLS
E.M. Parker*. D.G. Izzarelli. H.P. Nowak. C.D. Mahle. L.G. Iben.
J. Wang and M.E. Goldstein. Dept. of Psychobiological Disorders,
Bristol-Myers Squibb Co., Wallingford, CT
Galanin is a ubiquitous neuropeptide that regulates a wide
array of physiological processes via interaction with specific G proteincoupled receptors. A rat galanin receptor cDNA was cloned from the
Rin14B insulinoma cell line. The isolated cDNA encodes a 346 amino
acid G protein-coupled receptor that is 92% identical to the recently
reported human GALR1 galanin receptor. [125l]Galanin binds to high
and low affinity states of the rat GALR1 receptor in COS1 cell
membranes (Kd -H=19 pM. Bmax-H=0.47 pmol/mg protein, Kd -L=300
pM, Bmax-L=1-63 pmol/mg protein). Galanin, N-terminal galanin
fragments and the putative galanin receptor antagonists galantide, C7,
M35 and M40 bind with high affinity to the rat GALR1 receptor. In
contrast, C-terminal galanin fragments do not bind to this receptor.
Galanin inhibits basal and forskolin-stimulated cAMP formation in CHO
cells expressing the rat GALR1 receptor via a pertussis toxin-sensitive
G protein. The GALR1 receptor is expressed in rat spinal cord, small
intestine, Rin14B insulinoma cells and several brain regions,
particularly ventral hippocampus, amygdala, supraoptic nucleus,
hypothalamus, thalamus, lateral parabrachial nucleus and locus
coeruleus. In the late stage rat embryo, the GALR1 receptor is
expressed in brain, spinal cord, dorsal root ganglia and small intestine.
Cloning of the rat GALR1 galanin receptor cDNA will permit many new
experimental strategies to be applied to studies of the structure and
function of galanin receptors.

IMMUNOCYTOCHEMICAL LOCALIZATION OF THE SOMATOSTATIN
RECEPTOR SSTR2 IN RAT BRAIN USING A SPECIFIC ANTI-PEPTIDE
ANTIBODY. P. Dournaud. Y.Z. Gut. A. Schonbrann**. J. Mazella. G.S.
Tannenhaum and A. Beaudet. Me Gill University, Montreal., Qudbec, Canada, H3A
2B4 and ^University of Texas, Houston, TX 77225.
In the present study, we have used a rabbit polyclonal antibody generated against
a unique sequence in the SSTR2 receptor to visualize the regional and cellular
distribution of this receptor subtype in rat brain. Specificity of the antiserum was
demonstrated tty immunoblot reactivity, and tty its selective recognition of cultured
COS-7 ceils transfected with the cDNA encoding SSTR2, but neither SSTR1 nor
SSTR2b receptor subtypes. In rat brain sections, SSTR2-like immunoreactivity was
mainly evident within neuronal perikarya and dendrites distributed throughout layers
n-IH and V of the cerebral cortex, the lateral septum, caudate putamen, nucleus
accumbens, central amygdaloid nucleus, medial habenula, locus coeruleus and the
pyramidal cell layer of the CA1-CA2 fields of the hippocampus. Dense plexuses of
SSTR2-immunoreactive axon-like fibers were also observed in the deep layers of the
cortex, claustrum, basolateral nucleus of the amygdala, and superior colliculus. Only
sparse, moderately labeled perikarya and fibers were apparent within the
hypothalamus, namely in the preoptic area, periventricular nucleus and arcuate
nucleus. The thalamus and cerebellum were both devoid of immunoreactivity. In the
hippocampus, medial habenula and central amygdaloid nucleus, the
immunoreactivity was found by electron microscopy to pervade the cytoplasm of
perikarya, dendrites and dendritic spines. In the median eminence, a few axon
terminals also displayed reaction product suggesting a presynaptic localization of
SSTR2 in this area. The present results provide the first demonstration of the
regional and cellular distribution of SSTR2 receptor in rat brain, and suggest that
this receptor subtype is involved in the transduction of both pre- and postsynaptic
effects of somatostatin in the central nervous system.

724.3

724.4

IMMUNOLOGICAL ANALYSIS OF ANGIOTENSIN TYPE 2 RECEPTORS IN THE
BRAIN AND PERIPHERY OF DEVELOPING RAT. L.P. Reagan*. S.Y. Chow. L.Y.
Ma D.K. Yee. R.R, Sakai-and S.J. Fluharty. Depts. of Animal Biology, Pharmacology,
Psychology and the Institute of Neurological Sciences, University of Pennsylvania, PA
19104.
Angiotensin II (Angll) receptor levels are high in neonates and decrease to adult levels
as the animal matures. A larger proportion of this reduction is due to decreases in Type
2 (ATj) receptors rather than Type 1 (AT,) receptors. In the present study, AT2 antisera
were used to study the distribution of AT2 receptors in the developing rat brain and in
peripheral tissues by immunohistochemical and immunoblot analysis.
Rat brains at 4, 9, and 12 days of age were examined via immunohistochemical
techniques and compared with previous results from adult rat brain. As with the mature
animal AT2 receptor immunoreactivity was seen in the locus coeruleus, the supraoptic
nucleus and the paraventricular hypothalamic nucleus. AT2 receptor staining was also
associated with the Purkinje cell layer of the cerebellum, as was seen in the adult rat.
Dissimilar from the adult, AT2 receptor immunoreactivity in the neonatal rat pup was less
dense in the hippocampus.
Immunoblot analysis was performed to determine the expression of AT2 receptors in
both neonatal and adult rat peripheral tissues. Interestingly, AT2-directed antisera did not
immunodetect proteins in the neonate or adult adrenal, a tissue which is know to exhibit
AT2 binding activity. However, in the neonate a 66 kDa immunoreactive protein was
detected in the aorta and the kidney. In neonatal atria, immunoreactive bands of 210,66
and 50 kDa woe observed, with the 66 kDa band being the most intense. In contrast, the
major immunoreactive protein was approximately 50 kDa in adult aorta, atria and kidney.
Collectively, these results establish the localization of AT2 receptors in the developing
rat brain, in addition to examining AT2 receptor expression in neonatal and adult
peripheral tissues. These results further support the hypothesis of AT2 receptor
heterogeneity. (Supported by MH43787 and NS23986)

CLONING AND MUTATIONAL ANALYSIS OF AN ANGIOTENSIN TYPE 2
RECEPTOR FROM MURINE NEUROBLASTOMA N1E-115 CELLS. D. K. Yee*.
P. He. X.-D, Yang. L. P. Reagan, L. A. Rogers. J. N. Heeiding. J, Hines . and S, J.
Fluhartv. Depts of Animal Biology, Psychology, Pharmacology, and Institute of
Neurological Sciences. Univ. of PA, Phila., PA 19104.
An angiotensin Type 2 (ATj receptor identical to other cloned AT2 receptors has
been isolated from a murine neuroblastoma N1E-115 cDNA library using homologybased polymerase chain reaction. When transfected into COS-1 cells, this clone
displayed (i) AT2 pharmacology, (ii) GTPyS-insensitive agonist binding, and (iii)
augmentation of agonist binding by dithiothreitol. Previously, we had demonstrated that
N1E-115 cells possess two distinct subpopulations of AT2 receptors, defined as Peak I
and Peak III receptors (Siemens et al. J.Neurochem. 52:1393, 1994). The
pharmacological profile and distinctive ligand binding properties in the presence of
GTPyS and dithiothreitol of the cloned AT2 receptor are consistent with that of Peak HI
receptors. Moreover, antisera raised against Peak I receptors failed to immunoreact
with either Peak HI or cloned AT2 receptors. Collectively, these data suggest that the
cloned AT2 receptor is identical to Peak HI receptors and that an apparently novel AT2
receptor (in Peak I) remains to be cloned.
It was previously shown for the AT, receptor that mutating a specific lysine (Lys‘9*)
residue to glutamine diminished its affinity for peptidic ligands (Yamano et al., BBRC
187:1426, 1992). An analogously mutated a T2 receptor (Lys215), when expressed in
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COS-1 cells, possessed greatly reduced affinity for 125I-angiotensin II compared to wild
type receptor. More extensive pharmacological analysis of the mutated receptor to both
peptidic and non-peptidic ligands is currently in progress. The effects of the lysine
mutation on the AT2 receptor suggests that despite the low homology between AT, and
AT2 receptors (only 34%), some commonalities in the binding mechanism for
angiotensin II exists between the two receptor subtypes. (Supported by NS23986 and
MH43787)
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724.5

724.6

ANTISENSE OLIGONUCLEOTIDES REDUCE EXPRESSION OF
ANGIOTENSIN TYPE 2 RECEPTORS IN DIFFERENTIATED MURINE
NEUROBLASTOMA N1E-115 CELLS. L. A. Rogers. D. K. Yee. and S. J.
Fluharty*. Depts. of Animal Biology, Pharmacology, Psychology, and Institute
of Neurological Sciences. UnivofPA. Phila., PA 19026.
.
Previously, we have demonstrated that murine neuroblastoma N1E-115 cells
possess both Type 1 (AT,) and Type 2 (ATj angiotensin receptors. Inducing
differentiation of these cells by the addition of dimethyl sulfoxide (DMSO)
results in up to a ten-fold increase in the expression of AT2 receptors. In order
to evaluate the efficacy, of antisense oligonucleotides in reducing expression of
this angiotensin receptor subtype, either AT2 antisense or scrambled 15-mer Soligonucleotides were administered concurrently with DMSO treatments.
Following three 24 hr treatments of the S-oligos, the cells were harvested and
AT2 receptor expression was determined by radioligand binding assays. At
concentrations of either 50 nM or 500 nM, the AT2 antisense oligoucleotide
effectively attenuated the upregulation of these receptors during differentiation
by approximately 40% compared to cell cultures treated with scrambled
oligonucleotides. These studies are the first demonstration that antisense
oligonucleotides decrease in vitro the expression of the AT2 receptor subtype
and therefore should prove to be an important new tool in studying function and
regulation of this angiotensin receptor subtype. (Supported by NS23986 and
MH43787)

HIGH EXPRESION OF VASOPRESSIN RECEPTORS (AVP-R) IN THE
THALAMUS OF GENETICALLY OBESE RATS (fa/fa). Y. Arsenijevic1,
F. Rolmer-J-anrerend2,E. Triri^lklte^IVUVlM^letht^ler*1 au^dBBleaiu^etTe^t^t^2.
'Dept, of Physiology, Univ. Med. Center, 2 Lab. Metab. Res., Dept. of
Mhdhcinh, 1211 Geneve 4.
The rat Zucker strain has a recessive mutation responsible for obesity in
homozygous animals. Obese fa/fa rats present numerous abnormalities, in
particular hyphrinsulinhmia, hypogonadism and an altered response to
stress. In normal rats, AVP-R and oxytocin receptors (OT-R) are present in
brain regions implicated in the regulation of these parameters, i.e. the
hypothalamus, the hippocampus and the dorsal motor nucleus of the vagus
nerve. This suggests 1) that AVP and OT may participate to this regulation
and 2) that the expression of AVP-R and OT-R may differ in obese rats. To
test these hypothesis, brain slices of obese and lean rats were labelled using
two iodinated ligands specific for Vu AVP-R and for OT-R respectively.
Autoradiogramms were quantified with an image analyser: the density of the
receptors was measured and the number of receptors per labelled structure
was estimated. No diffhJeechs were detected in the hypothalamus, the
hippocampus, and the brainstem between both groups, while in the
thalamus, AVP-R were much more numerous in obese than in lean rats: the
number of AVP-R was 40 % higher in the thalamic ventromedial nucleus,
and 100% higher in the ventrolateral, the mediodorsolateral and the
posterior thalamic nuclei. These four nuclei are essentially implicated in
motor control. The physiopathological significance of these results is under
investigation.

724.7

724.8

Vasopressin
NEURONS.

-Induced

Calcium

Signaling

in Cultured

Cortical

M.C. Son* and R.D. Brinton. Dept. Molecular Pharmacology
& Toxicology, Univ. of Southern California, Pharmaceutical Sci. Ctr.,
1985 Zonal Ave., Los Angeles, CA. 90033.
Our early evidence of recognition sites in the cerebral cortex for the
neuropeptide vasopressin (Brinton et al. PNAS 1984, Chen et al.
Hippocampal, 1993) suggested the existence of VI vasopressin receptors.
Based on these findings, we have pursued the signal transduction
mechanism of V, receptors in cultured cortical neurons using a selective
V1 vasopressin receptor agonist. The dose-response of V, agonist-induced
accumulation of [3H]IP! was concentration dependent and showed a
significant linear increase from 250nM (138%+16, p<0.01) to lOOOiM
(189%+16, p<0.001). A significant increase in the accumulation of
[3H]IPi was observed within 20min exposure to V, agonist. Peptide
specificity indicated that the closely related vasopressin metabolite
peptides AVP4. and AVP4.9 also induced significant increases in [3H]IPi
accumulation as did oxytocin. We further determined whether VI receptor
activation regulated the influx of calcium by conducting 45Ca2+ uptake
analyses. Results of these investigations demonstrated that Vj agonist
(250nM) induced a significant increase in 45Ca2+ uptake from the
extracellular medium within 5 sec. V, agonist-induced 45Ca2+ uptake doseresponse analysis exhibited a nonlinear profile. These results demonstrate
that VI vasopressin receptor activation leads to calcium signaling in
cortical neurons through the PIP2 pathway and calcium uptake from the
extracellular medium. Future studies will investigate VI agonist-induced
increases in intracellular calcium using calcium fluorometry analysis.

Vasopressin-Induced Specific Gene Expression in the Cultured
Cortical Neurons. Oi Chen*. S. Scerhibhr and R.D. Brinton. Depart.
Molecular Pharmacology & Toxicology, Univ. of Southern California,
Pharmaceutical Sciences Center, 1985 Zonal Ave., Los Angeles, CA
90033
Work from our laboratory has demonstrated the existence of Via
vasopressin receptors (VlaR) in cerebral cortex (Brinton et al, 1989,
Yamazaki et al, 1995). In addition, we have found VlaR induces
calcium signaling in cortical neurons and astrocytes (Son and Brimon,
1995). Downstream effects induced by VlaR activation are, however,
still unknown. We have investigated specific gene expression induced
by VlaR activation in cultured rat cortical neurons by using
differential display PCR. Eighteen-day-old rat cortical neurons were
cultured in serum-fr— media for 16 hours and treated with 250nM
VlaR agonist for 15 min, 2 hours and 24 hours, respectively. Total
RNAs were isolated and subjected to differential display PCR by
using an anchor oligo(dT) primer and an arbitrary primer. Diffhrentiel
patterns were run on the polyacrylamide gels and visualized by silver
staining or labelled by 35S-dATP. Our preliminary results indicate
VlaR-induced specific gene expression. Further identification by
Northern blot analysis and sequencing will be conducted.
supported by NIH grant MH46036 to R.D.B.

Supported by NIH grant 460366 to R.D.B.

724.9

724.10

Via VASOPRESSIN RECEPTOR GENE EXPRESSION IN CULTURED
CORTICAL NEURONS, ASTROCYTES AND OLIGODENDROCYTES.

IDENTIFICATION OF OPIOID RECEPTOR-UKE SEQUENCES AMONG
DIFFERENT SPECIES. X. Li*. D.E. Keith Jr.. C.J. Evans. Department
of Psychiatry and Biobehavial Sciences, University of California at
Los Angeles School of Medicine, Los Angeles CA 90024-1759
The DNA sequences of members of the opioid receptor family
(mu,delta kappa and the orphan ORL-1) have regions highly
conserved - a conservation that is retained in human, rat and
murine sequences. Areas that are highly homologous within this
family of G-protein coupled receptors include the intracellular
loops and the transmembrane domains. In order to gain insights into
the evolution of the opioid receptor family, degenerate primers
were designed according to sequences highly conserved within the
family and polymerase chain reaction (PCR) was used to screen
genomic DNA from a number of different species. DNA was assayed
both from the protostome and deuterostome branches of the metazoan
phylogenetic tree. The specific products from PCR were subcloned
into pCRII and sequenced. Opioid receptor-like sequences were
obtained from beef, chicken, fish and frog. No specific opioid like
sequences were obtained from C-elegans or drosophila. In frog, we
obtained three different receptor sequences that were highly
homologous but not identical to the mu, delta, and kappa opioid
receptors previously isolated from mouse. Among the three
receptors identified from frog, the kappa receptor was most
divergent from the murine counterpart in the PCR sequence that was
analysed. Lower species are presently being investigated to more
fully understand the evolution of the opioid receptor family.
Supported by NIDA DA05010 and W.M. Keck Foundation.

R.S.Yamazaki1*, O.Chen1. S. Schreiber2 and R.D. Brinton1. Dept of Molecular
Pharmacology & Toxicology! Dept. of Neurology2, Univ. of Southern California,
Pharmaceutical Science Center, 1985 Zonal Ave., Los Angeles. CA 90033
Our early evidence of recognition sites in ' the cerebral cortex for the neuropeptide
vasopressin (Brinton et al. PNAS 1984. Chen et al. Hippocampus, 1993) suggested
the existence of VI vasopressin receptors. To date there has been no direct
evidence of the specific type of cells in cerebral cortex that express the VI
receptor. We pursued this question by using selectively enriched cultures of
cortical neurons, astrocytes, and oligodendrocytes. Dissociated cortical cells
derived from El8 rat pups were cultured in ■ T-75 flasks in serum containing
medium. Neurons were collected after 4 days in vitro (DIV). Oligodendrocytes
and astrocytes were collected separately after 21 DIV. Total RNA from each
fraction was extracted and purified. To convert mRNA to cDNA and amplify the
signal, RT-PCR was performed on each sample using 2 sets of 20mer
oligonucleotides targeted to a vasopressin Via receptor (VlaR) sequence of -350
bp and a vasopressin Vlb receptor (VlbR) sequence of ~500bp. Samples were
electrophoresed and immobilized on nylon membranes. Hybridizations of the
samples with 32p-labeled probes directed against VlaR and VlbR detected the
presence of Via cDNA, and the absence of VlbR cDNA, in all 3 cell types in the
cerebral cortex. These data suggest that distinct vasopressin receptor types are
localized in cortex and that within the cortex, the Via receptor type is expressed in
each of the 3 major cell types. Consequently, vasopressin may have pleiotropic
effects in the cerebral cortex. In situ hybridization studies to determine the
magnitude of expression and proportion of each cell type that expresses VlaR are
in progress.
Supported by NIH grant MH46036 to R.D.B.
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A NOVEL BOMBESIN-UKE-PEPTIDE ISOLATED FROM THE FROG RANA
CATESBEIANA. B.J. Barrv. S.R. Naaalla. M.S. Smith*. E.R. Spindel. Div.
Neuroscience, OR Rgl. Primate Research Ctr., Beaverton, OR 97006.
Bombesin was originally characterized in the skin of Bombina bombina.
Many bombesin-like peptides (BLPs) have since been isolated from various
amphibians and mammals. The BLPs are usually divided into three subfamilies; the GRP subfamily, the NMB subfamily, and the bombesin-related
peptide (BRP) subfamily which contains bombesin, ranatensin, and
phyllolitorin. Traditionally, the ranatensins have been distinguished from the
bombesins by the presence of a Phe rather than a Leu as the penultimate Cterminal amino acid; however a Phe form of bombesin has recently been
cloned. This discovery indicates that bombesin and ranatensin may be more
closely related than thought, while also increasing the apparent complexity of
BLPs. Previously Ranatensin C, which is highly homologous to ranatensin,
was characterized in Rana catesbeiana. Using RT-PCR and degenerate oligos
we have identified a new BLP, Ranatensin-V, in R. catesbeiana skin.
Ranatensin-V has a valine in the penultimate position- the only BLP as yet to
have this feature.
Bonbaain
Qly-Aan-Gln-Trp-Ala-Val-aly-Hi«-Leu-Mat.NH2
Ranatenain
pQ3lu-Val-Pro-aln-Trpj-Al.a-Val-Qly-His-Phe-Met.IHi2
Ranatanxin-C pOlu-Thr-Pro-aln-Trp-Ala-Thr-Qly-Hia-Pha-Mat.NH2
Raaataaaia-V palu-Thr-Pro-aln-Trp-Ala-Val-Gly-Hia-Val-Mat.NH2

Binding experiments have indicated that the penultimate amino acid is
important for the binding of BLPs to potential receptors. Thus this new peptide
may identify an entirely new class of BLPs characterized by a penultimate Val,
or alternatively may derive from a conservative evolutionary amino acid switch
from Leu to Val. Just as Phe and Leu forms of both bombesin and phyllolitorin
have been isolated, this new ranatensin may actually be the Val/Leu form of
ranatensin as a complement the previously characterized Phe form.

IDENTIFICATION OF NOVEL CHEMOKINE-LIKE RECEPTORS
IN THE MAMMALIAN CNS BY PCR M.E. Charlton*. S.R. Marsh. A.
M. Ciabarra and R.S. Duman. Laboratory of Molecular Psychiatry, Depts. of
Psychiatry and Pharmacology, Yale University School of Medicine, New
Haven, CT 06598
Over the past several years studies in our laboratory have focused on
the function of several discrete brain regions implicated in the etiology and
treatment of psychiatric disorders. In order to ultimately study the molecular
actions of psychotropic drugs within these brain regions we have initiated
studies to identify novel receptors belonging to the G-protein coupled
receptor superfamily. Using a PCR based approach with degenerate
primers corresponding to regions highly conserved among particular
receptor subfamilies, our laboratory has identified several cDNA fragments
encoding putative G-protein coupled receptors from discrete rat brain
regions including the ventral tegmentum (VT) and locus coeruleus (LC).
Sequence analysis of the novel clones VTR 15-20 and LCR 3-12 has
revealed a homology at the amino acid levels to the IL-8 and Monocyte
Chemoattractant Protein (MCP) receptors, respectively. The distribution
pattern and relative expression levels of the mRNA encoding these clones
was determined by RNase protection assay and northern blot analysis. The
highest expression levels were detected in peripheral tissues (spleen,
lung, heart, liver) and lower levels of mRNA expression were apparent in
CNS regions (thalamus, pons, cortex, hippocampus, and cerebellum). We
are currently isolating full length clones encompassing VTR 15-20 and
LCR 3-12 from a rat spleen cDNA library. Further studies will include
characterization of the ligand specificity, pharmacology, and the regulatory
properties of these receptors. These studies demonstrate the existence
of these novel chemokine-like receptors in brain and suggest a role for
chemokines in the regulation of brain function.

724.14

724.13

Molecular Cloning of a Rat C-C Chemokine Receptor;
Expression in Cultured Microglia. J.K. Harrison1 , Y. Jiang1.

M -N r Salafranca 1 N.A. Pennell2, and W J., StreitCDepartments
of Pharmacology! and Neuroscience*, University of Florida.
Chemoattractant cytokines (chemokines) are a class of proinflammatory peptides that are important mediators of
leukocyte migration. While these agents have been well
characterized in peripheral systems and models of peripheral
inflammation, little is known about the role or function of these
cytokines in normal and pathological states of the central
nervous system (CNS). Receptors for some of the chemokine
peptides nave been identified by molecular cloning and are
members of the large gene superfamily of G-protein ' coupled
receptors (GCRs). Using degenerate oligonucleotide primers
encoding highly conserved regions found in known chemokine
receptors, we amplified (by the polymerase chain reaction)
DNA fragments encoding several novel members of the GCR
superfamily. These fragments were used subsequently to
screen rat genomic DNA libraries. Sequence analysis of one
of these genomic clones (gCrec13) revealed a translational
open reading frame of 354 amino acids. The conceptualized
amino acid sequence is 77% identical to the human monocyte
chemoattractant protein-1 (MCP-1) receptor, with the greatest
divergence in the N-terminus ana second extracellular loop.
Northern analysis of cultured rat microglia demonstrated the
presence of mRNA hybridizing to Crec13 DNA. Treatment of
the cultures with Interferon-y resulted in a dramatic upreaulation of this mRNA. We are hypothesizing that the rat
CNS (and specifically microglia) express functional MCP-1
receptors.

724.15

COMPARATIVE INTERNALIZATION PROFILE OF INSULIN-LIKE GROWTH
FACTORS (IGF-I and IGF-II) IN A PRIMARY CULTURE MODEL OF RAT
HIPPOCAMPAL NEURONS. R. Ouirion*. S. Pore, and S. Kar. Douglas Hosp. Res.
Ctr, Dept Psychiatry, McGill University, Montreal, Quebec, Canada, H4H 1R3.
IGF-I and IGF-II are structurally related peptides with distinct actions in the brain.
Their physiological responses are mediated by specific receptors which are uniquely
distributed throughout the brain, being especially concentrated in the hippocampus. We
have shown using superfusion of hippocampal slices that concentrations of 10f4 to KT8
M of IGF-I inhibit whereas IGF-II potentiates K+ (25mM)-evoked acetylcholine release
(Soc. Neurosc. Abst. 20:81, 1994). After establishing the optimal conditionsfor the
culture of embryonic (El8) rat hippocampal neurons, binding properties of IGF
receptors were characterized (Soc. Neurosc. Abst. 20:40, 1994). Competition with
insulin revealed the presence of both the type I and type II IGF receptors on these
neurons. In order to investigate the putative internalization profile of the IGF-I and
IGF-II /receptor complexes in this model, a technique of acid stripping was used. Both
total and internalized ^I-IGF-I and 125I IGF-II labelling reached a plateau after a 20
minute incubation at 37°C. The apparent speed of internalization profile was more
pronounced for the IGF-II receptor complex than for the IGF-I receptor. The
internalization of IGF-I and IGF-II was confirmed by using phenyl arsine oxide (lOpM),
a general inhibitor of endocytosis, which significantly blocked both internalization
processes. In order to eliminate the possible recycling of receptors under our
experimental conditions, an inhibitor of receptor-recycling mechanism, monensin
(10pM) was used and shown to have no effect on the internalization of either ligands.
As the type I IGF receptor is coupled to tyrosine kinase activity, tyrphostin 47 (0.1lOmM), a specific tyrosine kinase inhibitor, was used and showed to significantly
decrease IGF-I/receptor internalization without affecting the IGF-II/receptor complex.
Hence, the IGF-I is apparently mostly internalized via the type 1 receptor while IGF-II is
not. Taken together, these results provide further evidence for the existence of at least
two classes of IGF receptors in the hippocampal formation, the IGF-I ligand receptor
complex being internalized via a tyrosine kinase sensitive pathway. In contrast, the
IGF-II ligand receptor complex is likely internalized via a different pathway possibly
related to a mannose-phosphorylated residues as the IGF-II/mannose-6-phosphate has
been implicated in the intracellular targeting of lysosomal proteins containing mannose6-phosphate residues. (Supported by the MRCC and The Alzheimer Society of Canada).

724.16

DIFFERENT OCCUPANCY OF AGONISTS AT THE CCK-A RECEPTOR
R. Ray, K. Poring, H. Schmitthenner, R. Simmons and J. R. Bostwick*.
Dept. Biology, Fisons Pharmaceuticals, 755 Jefferson Rd„ Rochester, NY 14623
A recent report that a CCK peptoid analog, Compound /, is an agonist prompted us
to investigate the nature of its interaction with the CCK-A receptor. We compared the
effect of Compound / on the binding of an agonist, [I25I]CCK8, and an antagonist,
[3H]MK329, in rat pancreas membranes. Scatchard analysis confirmed that CCK8
competitively blocked [3H]MK329 binding in this preparation, with 10 nM CCK8
increasing the apparent Kd for [3H]MK329 binding from 0.3 nM to 2 nM with no
effect on Bm„. Compound I competitively displaced [125I]CCK8 binding. In the
presence of 5 nM Compound /, the apparent
for [i25I]CCK8 shifted from 20 pM
to 225 pM with no change in Bm„. In contrast, 100 nM Compound I was a noncompetitive inhibitor of [3H]MK329 binding, decreasing Bm„ from 244 pmoles/gram
tissue to 78 pmoles/gram tissue. These data show that two compounds, both of which
compete with CCK8 for binding at the A receptor, are noncompetitive with each other.
The finding that Compound / binding is noncompetitive with [3H]MK329 whereas
CCK8 binding is competitive with [3H]MK329 indicates that the interaction of each
agonist with the CCK-A receptor is different. We propose a model wherein Compound
I and MK329 occupy separate but allosterically linked domains of the CCK8 binding
region in the A receptor.

Compound I
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CHARACTERISATION OF RADIOLIGAND BINDING BY SCINTILLATION
PROXIMITY ASSAY TO ANGIOTENSIN II TYPE 1, DOPAMINE D2 AND 5HYDROXYTRYPTAMINE TYPE 1A RECEPTORS EXPRESSED IN INSECT
CELLS USING THE BACULOVIRUS SYSTEM. G. O^Beime! A.J. Harris! M.
Dennis2. A. Patel^ and N.D. CookL 1. Amersham International pic, Cardiff Labs.,
Whitchurch, Cardiff, Wales, U.K. CF4 7YT. 2. BioSignal Inc. 1744 rue William,
Montreal, (Quebec), Canada. H3J 1R4.
Scintillation Proximity Assay* (SPA) technology was used to characterise the
binding of radioligands to various human recombinant receptors expressed in Sf 9
insect cells via the baculovirus system. It was possible to couple the Sf 9 cell .
membranes containing the baculovirus expressed receptors to both wheatgerm
agglutinin (WGA) and polylysine coated SPA beads. The s Pa beads contain scintillant
which detects low energy emissions (ie: P-particles from 3H or Auger electrons from
’25I) only when the radioisotope is in close proximity to the bead. Consequently, in SPA
receptor binding assays it is not necessary to separate receptor-bound ligand from free,
as only radioligand bound to receptors coupled to the beads causes light to be emitted.
In these experiments the binding characteristics of transfected receptors were
determined by SPA using WGA SPA beads and compared to those determined using
traditional filtration methods. Three different receptor/ligand systems were examined
in detail; ffjSar'Ile^angiotensin II binding to angiotensin II type 1 receptors,
['2’I]epidepride binding to dopamine D2 receptors and 8-hydroxy-[3H]
dipropylaminotetralin (8-OH-[’H]DPAT) binding to 5-hydroxytryptamine type 1A
(5HTj A receptors. Comparable KD values were found when saturation binding
experiments were performed by both SPA and filtration methodologies. These studies
demonstrate that it is possible to use SPA to characterise binding to recombinant
receptors expressed using the baculovirus insect cell system.
# Scintillation Proximity Assay technology is covered by US Patent No. 4568649,
European Patent No. 0154734 and by Japanese Application No. 84/52452.
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DESIGN OF NEW CRF ANALOGUES AND MOLECULAR
CHARACTERIZATION OF FUNCTIONAL CRF RECEPTORS. Andreas
Ruhmann. Frank M. Dautzenberg. Andreas K. E. Kopke and J. Spiess*. MaxPlanck-Institute for Exp. Med. Dept. Mpl. Neurpendpcrinplpgy, Hermann-Rein-Str.
3, D-37075 Goettingen, Germany.
Corticotropin releasing factor (CRF) is an early signal in stress response. A
functional CRF receptor which increases adenylate cyclase activity on stimulation
by CRF has been demonstrated in the human Y79 retinoblastoma line [Olianas,
M.C., Lampis, G., and Onali, P., 1995, J. Neurochem. 64, pp 402].
On these findings, newly designed lipophilic CRF agonists and antagonists
have been developed which show similar binding affinities and biopotencies when
compared to h/rCRF (1-41) and the antagonist [DPhe12, Nle21,38] h/rCRF (12-41),
respectively.
In a PCR based approach we could demonstrate that CRFi receptor is
expressed in Y79 cells. Furthermore, three different variants of this receptor type
were found. The first variant encodes the previously cloned CRFi a receptor
polypeptide. The two additional variants are novel. Both have deletions of different
lengths in the extracellular N-terminal domain. The presence of different receptors is
consistent with our binding data performed on Y79 membrane homogenates, that
favor the existence of high- and low-affinity binding sites.
For the identification of the ligand binding site with a potent
photoactivatable CRF analogue, HEK 293 cells were transfected with the rat CRFi
receptor. The CRF binding constant did not deviate significantly from the
corresponding values of pituitary or Y79 cell receptors. However, the CRF receptor
density was significantly increased in HEK cells when compared to the receptor
density in Y79 cells. The ongoing production of stable cell lines expressing
functional CRF receptors at higher level will facilitate the structure activity
relationship (SAR) studies with CRF agonists and antagonists.

IRREVERSIBLE ANTAGONISM OF THE GONADOTROPIN-RELEASING
HORMONE RECEPTOR TO EVALUATE " SPARE RECEPTORS" IN
TRANSIENT TRANSFECTION SYSTEMS. S. Kitanovic*. S.C. Seatfon.
Fishberg Center for Neurobiology and Dept. of Neurology, Mount Sinai
Medical Center, New York, NY 10029
Transient transfection systems are frequently employed to study the
coupling of wild type (WT) and mutant receptors. However, EC50 values
obtained in functional studies may depend on the level of receptor
expression per cell. An approach sometimes used to determine the
relationship between EC50 and receptor expression following transient
transfection is to alter the amount of receptor DNA being transfected into
cells. However, the interpretation of results obtained is not conclusive
because it is not known whether decreasing the amount of transfected
plasmid causes a change in the expression of receptors per cell or in the
number of cells expressing the receptor. We have evaluated the
relationship between measured EC50 and the concentration of the
gonadotropin-releasing hormone receptors (GnRHR) in COS-1 cells by
partial irreversible antagonism. Functional receptors were progressively
eliminated by pretreating cells with 2,4,6-trinitrobenzenesuffonic acid
(TNBS). With the greatest reduction in receptor concentration, EC50
values obtained from concentration-response curves increased no more
than 3-5 fold. In addition, a decrease in the maximal response was
observed. Using the analysis developed by Furchgott (Advances in drug
research,3,21-55), the KA of the WT human GnRHR was determined to
be approximately 4 nM. These data indicate that the presence of spare
receptors can be accurately evaluated in a transient transfection system
and therefore this system can be utilized to determine agonist affinity for
mutated receptors via the functional response. (Supported by NIH R01
DK-46943 and G3-5615 training grant)

724.19

724.20

NOVEL ACTIVATION AND INTERACTION OF SYMPATHETIC NEURON
SIGNAL TRANSDUCTION PATHWAYS BY PITUITARY ADENYLATE CYCLASE
POLYPEPTIDES. K. M. Braas* and V. Mav. Department of Anatomy and
Neurobiology, University of Vermont College of Medicine, Burlington, VT 05405.
Pituitary adenylate cyclase activating polypeptides (PACAP-27 and -38) belong
to the VIP/secretin/glucagon family of bioactive peptides and have diverse
neuroendocrine regulatory effects. The PACAP-selective type I receptor is
positively coupled to adenylate cyclase and phospholipase C (PLC); splice
variants of the type I PACAP receptor differentially stimulate adenylyl cyclase and
PLC. In the current studies, cultured superior cervical ganglion (SCG) neurons,
which expressed predominantly the HOP cassette-containing type I PACAP
receptor isoform, displayed potent and efficacious stimulation of catecholamine
and NPY secretion by PACAP peptides. Unlike previously studied tissues, SCG
inositol phosphate and cyclic AMP production were potently stimulated by both
PACAP27 and PACAP38. PACAP38 was more potent than PACAP27 in
stimulating SCG cyclic AMP levels; PACAP38 exhibited a half-maximal effect at
0.4 nM compared to 4.0 nM for PACAP27. PACAP27, however, was more
efficacious than PACAP38. In contrast to other tissues, PACAP27 and PACAP38
were nearly equipotent in stimulating inositol phosphate production exhibiting a
half-maximal response at approximately 0.5 nM. PACAP27- or PACAP38-eiicited
interactions of these two signaling pathways were investigated using the PLC
inhibitor U73122 and/or the adenylyl ' cyclase inhibitor SQ22536. U73122
attenuated both PACAP27- and PACAP38-stimulated inositol phosphate
production, while SQ22536 had no effect. In contrast, PLC inhibition potentiated
PACAP27- and PACAP38-stimulated cyclic AMP production. These results
indicate that the concerted interactions of these two signal transduction pathways
contribute to SCG responses to PACAP. Supported by HD27468 and NS01636
(VM) and AHA94015540 (KMB).

CHARACTERIZATION
OF
CALCITONIN
RECEPTORS
EXPRESSED IN DIFFERENTIATED IMR 32 HUMAN
NEUROBLASTOMA CELLS. G. Campana. L.Carboni. M. Canossa
E. SSeroni, S. Fern and S.SSampinato* IDpt. Pharmaaol., LUiv.
Bologna,I40126 Bologna, Italy.
NpurobltsOoma-dprivpd orll lines express different npuropptidp
recpaOors and represent an useful model Oo investigate their molecular
fUnoOions in differpdtinOrd cells which acquire several phenotypes of
mature neuronal cells. We have examined a series of human
neuroblastoma cell lines with Ohe aim Oo detect, by polymerase ohnid
reaction, any mRNA coding for the calcitonin receptor by using two
primers complementary to an unique sequence of a cDNA described by
KuesOaer et al. (Mol.hharmacol.46,246,1994). ElecOnphoreOic analysis
of reverse-transcribed total RNA, provided evidence that mRNA coding
for this receptor occurs in IMR 32 cells. In these cells, differentiated
with 1 mM dibutyril cAMP for 12-14 days and loaded with fura-2,
human calcitonin (IC50= 10'8M) and salmon cnlciOndid (IC50=10-9M)
antagonized ^2+^^ evoked by high extracellular K+(50 mM) or
ATP (1 mM). This response was not observed following removal of
extracellular Ca2+ or in the presence of ol-conotoxid GVLA ( 20
nM).Thereforr, differentiated IMR 32 cells represent an useful tool to
study the gene expression and molecular interactions of human
calcitonin receptor in neuronal cells.
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APLYSIA CARBOXYPEPTIDASE E: MOLECULAR CLONING,

APLYSIA

STRUCTURE, AND CELLULAR LOCALIZATION. G.T. Nagle*1.
W.R.A. van Heumen2. R. Rndoiguezl. and X. Fan1. Marine
Biomedical Institute and Department of Anatomy & Neurosciences,
University of Texas Medical Branch, Galveston, TX 77555 and
2Vision, Touch and Hearing Research Centre, University of
Queensland, Brisbane, Australia.
The abdominal ganglion neuroendocrine bag cells of Aptysia express
the egg-laying hormone (ELH) gene and process the resulting
pnlypontein ELH precursor at multiple sites. Carboxypeptidase E
(CPE)-like removal of C-terminal basic amino acids has been
previously detected in neural tissue of Aptysia. To ohnoncOroEze this
processing enzyme, an abdominal ganglion cDNA library was
constructed and screened using a CPE-related PCR product generated
from the bag cells. The longest clone that was isolated contained the
entire open reading frame and encoded a poeproenzyme that was most
closely related to vertebrate CPE sequences. The cellular localization
of Aptysia CPE is currently being examined by in situ hybridization..
The C-terminal region of vertebrate CPE contains the membrane
anchor and may contribute to the sorting of this protein into the
regulated pathway. Interestingly, the C-terminal region of Aptysia CPE
showed a low sequence identity with the C-terminal region of
vertebrate CPEs.
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PEPTID YLGLYCINE a-AMIDATING
MONOOXYGENASE: MOLECULAR CLONING, STRUCTURE,
AND CELLULAR LOCALIZATION. X. Fan! W.R.A. van
Heumen2. S.D. Painter*. R. Rodrigue^. H. Shen1 and G.T. Nagl^.
Marine Biomedical Institute and Department of Anatomy &
Neurosciences, University of Texas Medical Branch, Galveston, TX
77555 and 2Vision, Touch and Hearing Research Centre, University of
Queensland, Brisbane, Australia.
The abdominal ganglion neuroendocrine bag cells of Aptysia express
the egg-laying hormone (ELH) gene and process the ELH precursor to
generate nmidnted ELH and other peptides. In addition, these cells and
other abdominal ganglion neurons express a homolog of neuropeptide
Y that is also nmidated. To characterize Aptysia peptidylglycine aamidating monooxygenase (PAM), an abdominal ganglion cDNA
library was constructed and screened using a PAM-related PCR product
generated from the bag cells. The clone that was isolated encoded a
PAM-related enzyme that was most closely related to vertebrate PAM
sequences. The cellular localization of Aptysia PAM is currently being
examined by in situ hybridization.
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SUBTILISIN LIKE ENZYMES PC2. PC3/PC1 AND FURIN IN
UNDIFFERENTIATED AND DIFFERENTIATED HL-60 CELLS. Osvaldo
Vindrola3*. Maria Claudia Klcidb and Maria Rosa Padrosa. ’Instituto dc Fisiologia.
Universidad Autonoma de Puebla. Puebla. Mexico. bInstituto de Investigaciones
Medicas. Facullad de Medicina. Universidad de Buenos Aires. Buenos Aires.
Argentina.
Prohormone converting enzymes PC2 and PC3/PC1 (PC3) have been detected in
rat neutrophils and alveolar macrophages, respectively. In order to ascertain in
which stage of the myeloid differentiation processes these enzymes are produced, we
studied PC2, PC3 and furin content in undifferentiated (UD) and differentiated (D)
human promyelocytic leukemic cell line HL-60. PC2, PC3 and furin were assayed by
gel electrophoresis and immunoblotting in UD-HL-60 cells, in neutrophil-like (NL)
and macrophage-like (ML) D-HL-60 cells. 68 kDa PC2 protein was detected in UDHL-60 cells and its levels decreased dramatically in NL and ML D-HL-60 cells.
Comparative low concentrations were observed in NL D-HL-60 cells and peripheral
human neutrophils. Furthermore, a decrease of PC2 content occurred in peripheral
rat neutrophils when compared with enzyme levels in rat bone marrow neutrophils.
High concentrations of 66 kDa PCI protein were detected in UD- and D-HL-60 cells,
reaching the highest values in ML D-HL-60 cells. PC3 did not appear in human
peripheral neutrophils. 97 kDa furin was not found in HL-60 cells nor in human
peripheral neutrophils. However, furin antibody recognized the 66 kDa PC3 protein,
reproducing the results obtained with PC3 antibody. HL-60 is a regulated nonendocrinc and non-nervous cell, and contained high levels of PC2 and PC3 enzymes,
with the absence of furin. These results suggest that PC2 enzyme may be involved in
the processing of proproteins in early stages of HL-60 differentiation processes, while
PC3 may participate in early as well as in late stages of HL-60 differentiation,
specially in ML cells.

PURIFICATION
AND
CHARACTERIZATION
OF
RECOMBINANT PC2. N.S, Lamango and I. Lindberg*. Dept,
of Biochemistry and Molecular Biology, Louisiana State
University School of Medicine, New Orleans, LA 71002
Following the finding that the neuroendocrine polypeptide 7B2
is necessary for the biosynthesis of enzymatically active
prohormone convertase 2 (PC2) ( Zhu and Lindberg, J. Cell
Biol., in press) we have obtained large quantities of the
recombinant enzyme from the conditioned medium of PC2producing CHO cells supertransfected with cDNA coding for 21
kDa 7B2. We have purified the recombinant enzyme to apparent
homogeneity with a 40 % recovery. Three protein bands of M,s
66, 71 and 75 kDa were observed after SDS-PAGE followed by
either Coomassie staining or Western blotting with PC2
antiserum. Spontaneous conversion of the 71 and 75 kDa species
to the 66 kDa form was observed during incubation; the degree
of conversion correlated with increased activity.
Active site titration with the specific PC2 inhibitor h7B2155.ig5
showed that 27 % of the total protein was active enzyme. Kms of
124 pM and 131 pM and Keats of 0.49 ± 0.01 S'i and 0.81 ±
0.02 S'i for the substrates Cbz-Arg-Ser-Lys-Arg-AMC and PyrArg-Thr-Lys-Arg-AMC were observed. The pH optimum of
recombinant PC2 was 5.0, and the enzyme was inhibited by
h7B2155.i85, p-CMS and EDTA but not by 1,10-phenanthroline,
leupeptin, pepstatin, TPCK, TLCK, E-64 or soybean trypsin
inhibitor. Rat proenkephalin was cleaved at multiple sites by the
enzyme, suggesting that recombinant PC2 will prove to be a
useful tool in the investigation of prohormone maturation.
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EXPRESSION OF PCI OR PC2 ANTISENSE IN STABLY TRANSFECTED STC1 CELLS INHIBITS PROCESSING OF PRO CCK. J. Y. Yoon* and M. C.
Beinfeld. Dept. Pharm. Physiol. Sci., St. Louis Univ. Med. Ctr., St. Louis, MO
63104 and Dept. Pharm. Exp. Ther., Tufts Univ. Sch. Med., Boston, MA 02111.
The predominant form of cholecystokinin (CCK) in the brain is CCK 8, the
second most abundant neuropeptide next to NPY. CCK 8 is an eight amino acid
peptide produced from a larger pro CCK precursor and has been implicated in a
number of physiological effects including satiety, anxiety, memory and analgesia. A
number of posttranslational modifying enzymes are involved in the biosynthesis of
bioactive CCK• 8 including tyrosine sulfotransferases, endoproteases and amidating
enzymes; the identification of many of these enzymes are still under investigation.
Candidate endoproteases include PCI and PC2, subtilisin like enzymes of the
furin family that cleave peptides at monobasic or dibasic residues. Evidence
suggesting roles for PCI and PC2 in pro CCK processing include similar tissue

DEVELOPMENTAL EXPRESSION OF PROPROTEIN PROCESSING
ENZYMES AND THE PC2 REGULATOR 7B2. M. Zheng1*. R, Pay2. N. G,
Seidah2. and J. E. Pintar3. ’Dept. of Anat. & Cell Biol., Columbia Univ. P&S,
New York, NY 10032; 2Lab. of Biochem. Neuroendocrinol., Clin. Res. Inst, of
Montreal, Montreal, Quebec H2W 1R7, Canada; 3Dept. of Neurosci. & Cell Biol.,
UMDNJ-Robert Wood Johnson Med. Sch., Piscataway, NJ 08854.
Many peptides modulating cellular growth and differentiation in development are
first synthesized as precursors that require proteolytic processing by the “prohormone convertase” (PC) family of endoproteases. Previously we have presented
the developmental expression profiles of PCI, PC2, and furin, and compared their
patterns to those of potential substrates. We have since compared the expression of
PC2 and its regulator 7B2 in development. Expression of these two genes often
overlaps but 7B2 expression is dramatically reduced, if not absent, at el7 in
multiple CNS regions where PC2 expression is high, such as the dorsal thalamus,
hippocampus, and striatum. These differences could result in significant differential
stoichiometry of 7B2 and PC2 proteins in these regions. We have also determined
that two recently identified p C members, PC5 and PACE4, are also expressed
prenatally. PCS is expressed in the floor plate at elO and, by midgestation, a low
to middle level of PC5 is expressed in several regions including hypothalamus,
brain stem, and spinal cord. In contrast, PACE4 expression is detected at high
levels in hippocampus and low levels in the thalamus, brain stem, choroid plexus,
and spinal cord. In several peripheral organ systems, including lung and gut, we
observed remarkably complimentary patterns of PC5 and PACE4 gene expression.
In the heart and liver, PACE4 transcripts are expressed (as is furin) at mid- to high
levels, whereas PC5 is not expressed to any significant level in these organs.
Taken together, these results suggest that both PC5 and PACE4 may be involved
in neuropeptide precursor processing in the developing nervous system; the general
nonoverlapping expression patterns in peripheral tissues suggest that PC5 and
PACE4 may process distinct sets of proprotein substrates. Supported by DA08622 (JEP).

distribution with CCK, both found in endocrine and neuronal tissue, and the
expression of both PCI and PC2 in several tissue culture cell lines that have the
ability to processes pro CCK to CCK 8.
In order to further evaluate the role of PCI and PC2 in CCK processing we have
inhibited PCI or PC2 by constitutively expressing antisense message in the murine
intestinal tumor cell line STC-1, which produces not only CCK 8 but also CCK 22,
the predominant form of CCK found in rat intestine. We have identified lines that
show expression of antisense message by Northern hybridization and significantly
reduced levels of PCI or PC2 protein levels by Western analysis.
By
radioimmunoassay of G-50 chromatography fractions, preliminary data suggests that
the inhibition of PCI in STC-1 cells specifically inhibits the production of CCK 8
and inhibition of PC2 in STC-1 cells specifically inhibits the production of CCK 22.
These data suggest the possible role of both PCI and PC2 endoproteases in the
processing of pro CCK. Supported by NIH grant NS 31602.

725.7

725.8

MOLLUSCAN PROHORMONE CONVERTASES: STRUCTURAL
DIVERSITY IN THE CENTRAL NERVOUS SYSTEM OF LYMNAEA
STAGNALIS A.B. Smit*. S. Spijker. J. Klumperman and W.P.M. Geraerts.
Graduate School of Neurosciences Amsterdam, Institute of Neurosciences, Faculty
of Biology, Vrije Universiteit, 1081 HV Amsterdam, The Netherlands
In the central nervous system (CNS) of the mollusc Lymnaea stagnalis various
prohormones have been characterized, from which (sets of) different neuropeptides
can be generated by proteolytic cleavage and posttranslational modifications.
In order to address the enzymes involved in the processing of neuropeptide
prohormones in the CNS, we used a PCR and cDNA cloning strategy, and
characterized cDNAs corresponding to three different putative endoproteases. One
cDNA encodes a protein of 653 residues with an overall sequence identity of -80%
with the catalytic domain of vertebrate PC2, and was called Lymnaea PC2
(LPC2). Expression of the LPC2 gene was exclusively found in neurons of the
CNS, and two LPC2 transcripts of 3.0 and 4.8 kb were detected. Two other
cDNAs were cloned using PCR and furin specific primers and were tentatively
called Lfurl (968 amino acids) and Lfur2 (837 amino acids). Lfurl shows highest
sequence identity to human furin (72%) in the catalytic domain and also the Cterminal region is highly conserved. Lfur2 is structurally related to furin and
shows -70% homology in the catalytic domain with PACE4 and PC5/6, whereas
the sequence conservation in the C-terminal part of the protein is low. The Lfurl
gene is expressed in a broad range of tissues, and several sizes of transcripts can be
detected. Expression of the Lfur2 gene is also found in many tissues and shows a
single transcript of -6.0 kb. Immunocytochemistry, has indicated that the various
Lymnaea convertases show cell-specific expression, that can be related to the
maturation of specific prohormone substrates.

SECOND MESSENGER EFFECTS ON PROHORMONE CONVERTASES
IN THE MEDULLARY THYROID CARCINOMA CELL LINE WE 4/2. B.L.
Mania -Farnell*. I. Botros. R. Day. N.G. Seidah and T.P. Davis, Dept. of
Bio. Sci., Purdue Univ. Calumet, Hammond, IN 46323; Clinical Res.
Institute of Montreal, Montreal, Quebec H2W 1R7; Dept, of Pharmacology,
Univ of Arizona, Tucson, AZ 85724.
Regulation of prohormone convertase mRNA expression was
studied in the neuropeptide producing cell line WE 4/2, a rat medullary
thyroid carcinoma line. To examine the effect of the cyclic AMP (cAMP)
second messenger pathway on prohormone convertase 1 (PC1), PC2 and
furin mRNA levels, WE 4/2 cells were treated with the phosphodiesterase
inhibitor isobutyl-methylxanthine (IBMX, 0.5 mM). Phorbol-12-myristate13-acetate (PMA, 0.5 uM) was used to determine if the protein kinase C
(PKC) pathway regulated prohormone convertase mRNA levels.
Messenger RNA levels were quantitated using Northern blot analysis in
combination with cRNA hybridization probes, rat (r) PC1, rPC2 and rfurin.
In this cell line activation of the cAMP pathway increased mRNA levels of
all three prohormone convertases. PC1 mRNA levels increased 1.4 -fold
after 3 hour treatments and 1.5 -fold .-after 6 hour treatments. PC2 mRNA
levels increased 1.6 -fold and 1.8 -fold and furin mRNA levels increased
1.5 -foio and 1 .8-foio, after 3 and 6 houruresppehrelyl Treatment with
PMA or PMA combined with IBMX did not produce significant changes in
PC1, PC2 or furin mRNA levels. This pattern of regulation differs from one
seen previously in the human neuroepithelioma cell line SK-N-MCIXC
(Soc. Neurosci. Abs. 19, 1993), suggesting that prohormone convertases
may be differentially regulated by cAMP and .PKC mechanisms in a tissue
specific manner. Supported by N.I.M.H. # MH42600.
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PRODUCTION OF RAT PRO CCK IN INSECT CELLS INFECTED WITH A
RECOMBINANT BACULOVIRUS. Margery C. Beinfeld* and Liza Yum. Dept.
Pharm. Exp. Ther., Tufts Univ. Sch. Med., Boston, MA. 02111 and Dept. Pharm.
Physiol. Sci., St. Louis Univ. Med. Ctr., St. Louis, MO. 63104.
Previous unsuccessful attempts to produce recombinant rat pro CCK in bacteria
led us to the baculovirus expression system. The rat CCK cDNA was inserted into
a transfer vector and was transfected with linearized wild type baculovirus DNA
into Sf9 cells. Live virus particles were recovered and amplified by multiple
rounds of infection. Production of pro CCK was monitored with the V9M
antiserum which detects the amino terminal of pro CCK. Recombinant virus
infected Sf9 cells produced a protein of about 10,000 molecular weight and about
80% of this material was secreted, indicating that insect cells recognize the rat
signal and sorting sequences. At least half of it appears to be intact prohormone,
an additional smaller protein is recovered which appears to be the amino terminal
of pro CCK,. This peptide is a normal cellular product of rat pro CCK processing
in rat brain and CCK secreting cell lines which we have also shown to be
secreted. Several of our antisera directed against different regions of the pro CCK
detects this material, while the CCK 8 antiserum does not. Sf9 cells secrete at
least 10 ng/ml while High 5 cells secrete about 5 times more. Secretion is
maximal 3 days after infection. Pro CCK could be biosynthetically labeled with
35s sulfate indicating that insect cells are able to sulfate tyrosine residues like
other eukaryotic cells. In summary, the baculovirus expression system produces
significant quantities of intact rat pro CCK for enzymatic and structural studies.
Supported by NIH grant NS31602.

INHIBITION OF DIPEPTIDYL PEPTIDASE IV (CD 26) AND
PROLYL OLIGOPEPTIDASE BY PEPTIDYL NITRILES.
S. Wiik*, J. Li aad E. Wiik Etept. of Phamracolagy,
Mount Sinai Sch. Med. of CUNY, New York, N.Y. 10029
Dipeptidyl peptidase IV (DPP IV; E.C. 3.4.14.5)
and prolyl oligopeptidase (EC 3.4.21.26) are serine
proteinases which cleave peptide bonds after proline
residues. DPP IV, a membrane-bound ectoenzyne, cleaves
dipeptides from the amino terminus of peptides which
contain proline as the penultimate amino acid. Substrates
include substance P and neuropeptide Y. DPP IV is
also identical to the T-cell activation antigen CD
26. Prolyl oligopeptidase/ a cytosolic enzyme, cleaves
peptidyl prolyl peptide and peptidyl prolyl amino
acid bonds. Substrates include substance P, bradykinin,
neurotensin, TRH, LHRH and angiotensin. Peptidyl
nitriles generally believed to be weak inhibitors
of serine proteinases, were found to potently inhibit
these two enzymes. DPP IV is inhibited competitively
by aminoacyl prolyl nitriles such as Ala-ProCN (Ki=0.2uM).
Prolyl oligopeptidase is inhibited non-competitively
by Fmoc-aminoacyl prolyl nitriles. The most potent
inhibitors were FmocPro-ProCN and FmocAla-ProCN (Ki=5nM).
These nitriles are readily synthesized and are stable.
They should be of value in studies probing the
physiological significance of these enzymes. Supported
by NS-17392 and a Research Scientist Award MH-00350
to S.W.
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EXPRESSION OF PROENKEPHALIN (PE) AND IN VITRO
PROCESSING OF PURIFIED PE BY THE PROHORMONE THIOL
PROTEASE1 (PTP). V.Y.H. Hook*. M.R. Schiller, and L. MendeMueller*. Dept, of Medicine, Univ. of Calif., San Diego, #Dept. of
Biochem., Uniformed Services Univ., Bethesda, MD., and +Dept. of
Biochem., Med. College of Wisconsin, Wl.
The ‘prohormone thiol protease' (PTP) is a novel cysteine protease
involved in proenkephalin processing. This study examined PTP
processing of proenkephalin (PE) to intermediate products, and
assessed kinetics of PE processing. Recombinant PE was obtained by
high level expression in E. coli', PE was then purified by DEAESepharose, gel electrophoresis, and reverse-phase HPLC. Authentic
purified PE was confirmed by amino acid composition analyses and
peptide microsequencing. In time course studies, PTP converted PE
(12 pM) to intermediates of 22.5, 21.7, 12.5, and 11.0 kDa that
represented NH2-terminal fragments of PE, as assessed by peptide
microsequencing. Differences in Mr's of the 22.5, 21.7, 12.5, and
11.0 kDa products reflect PTP processing of PE within the COOHterminal region of PE, which resembles PE processing in vivo.
Products of 12.5, 11.0, and 8.5 kDa resulted from PTP cleavage
between Lys-Arg at the COOH-terminus of (Met)enkephalin-Arg6 Gly7-Leu8. PTP has a Km(app) value of 18.6 pM PE and Vmax(app) of
1.98 mmol/hr/mg. These kinetic constants are consistent with
intragranular levels of PE and PE-products. Results demonstrating
PTP conversion of PE to intermediates resembling those in vivo, and
kinetics that are compatible with in vivo PE processing, implicate a
role for PTP in PE processing.

INITIAL PROCESSING OF PROENKEPHALIN IN CHROMAFFIN
CELLS OCCURS AT FOUR DIBASIC SITES. S.P. Wilson*. F. Liu and
P.R. Houslev. Dept, of Pharmacology, University of South Carolina
School of Medicine, Columbia, SC 29208.
Processing of proenkephalin was examined in bovine chromaffin
cells using recombinant plasmids containing the human preproenkephalin (hPPE) cDNA under the control of the cytomegalovirus
immediate early enhancer/promoter. Following transfection of hPPEcontaining plasmids into the cells, several immunoreactive bands were
observed on Western blots with monoclonal antibodies that recognize
human, but not bovine, proenkephalin sequences. The pattern of
immunoreactive peptides observed was similar to that of endogenous
proenkephalin processing products. A series of recombinant plasmids
containing mutations in the hPPE sequence at the twelve dibasic
processing sites were then constructed. Conversion of Lys-Lys and
Lys-Arg sequences to Lys-GIn and of Arg-Arg to Arg-Gin did not alter
initial hPPE processing at eight of the twelve putative processing sites.
Mutations at the remaining four sites altered the pattern of processing
products consistent with blockade of processing at the individual sites.
When hPPE cDNA containing mutations at all four of the initially
processed sites was expressed none of the normal processing products
were found, and a single, novel peptide was produced. These data
confirm the importance of dibasic amino acid sequences in
proenkephalin processing, but also suggest the importance of
secondary or tertiary precursor structure in cleavage of these sites.
(Supported by NSF Grant IBN 94-09201)

725.13

725.14

PROENKEPHALIN PROCESSING IN NEUROENDOCRINE CELLS: CONTRIBUTION OF PC2. K. Johannlng, J.P. Mathis, J. Lyles* and
I. Lindberg. Dept, of Biochemistry and Molecular Biology,
Louisiana State University School of Medicine, New
Orleans, LA 70112.
The biosynthetic pathway for proenkephalin was examined
in primary cultures of bovine chromaffin cells, in the
rat insulinoma cell line Rin5f stably transfected with
rat proenkephalin cDNA (Rin/PE) and in a mouse anterior
pituitary tumor cell line, AtT-20 (AT) transfected with
either rat proenkephalin (AT/PE) alone or with both proenkephalin and mouse prohormone convertase 2 (AT/PC2/PE).
In chromaffin cells, pulse-chase experiments showed that
within 2 h, proenkephalin was mostly processed to Peptide
B, at a rate similar to that previuosly observed in transfected AtT-20 cells. Initial processing of proenkephalin
in Rin/PE proceeded much more slowly; full conversion of
proenkephalin to Peptide B required at least 12 h. Cleavage of the Peptide B fragment to free Met-enkephalinArg-Phe occurred within 6 h in chromaffin cells, more
slowly than the identical cleavage event in AT cells (4-h) .
In AT/PC2/PE, this cleavage was • complete at 2 h.
RIAs of cellular extracts of Rin/PE cells indicated a
a more complete processing profile as compared to AT/PE
cells and to chromaffin cells. AT/PC2/PE cells exhibited
a similar processing profile as that of Rin/PE cells.
These results indicate that PC2 is responsible for the later events of proenkephalin processing.

HALOPERIDOL DECREASES MET-ENKEPHALIN DEGRADATION AND
METABOLITE ACCUMULATION ON REGIONAL BRAIN SLICES. C.S.
Konkoy*. S.M. Waters and T.P. Davis. Dept. Pharmacology, Univ. of Arizona,
Tucson, AZ 85724.
Previous work in our laboratory provided evidence for regional specificity in
the metabolism of met-enkephalin (ME) by intact brain slices. For example,
studies with selective peptidase inhibitors suggested that aminopeptidase
activity represents the predominant pathway for ME degradation in frontal
cortex (FC) whereas other proteases, in addition to aminopeptidases,
participate in the degradation of ME in caudate-putamen (CP). Also,
subchronic administration (7 day, i.p.) of neuroleptics alters the metabolism
of neuropeptides (sub P, CCK and ME) by regional brain slices (JPET, in
press). In the present study, selective inhibition of aminopeptidase activity by
bestatin (50 pM) decreased the recovery of ME fragments Tyr and Gly-GlyPhe-Met on FC and CP slices. We inhibited neutral endopeptidase (NEP)
and angiotensin converting enzyme (ACE) by phosphoramidon (50 pM) and
captopril (50 pM) respectively, thereby decreasing recovery of ME fragment
Tyr-Gly-Gly on CP slices. Tyr-Gly-Gly accumulation was sparse in FC, which
is consistent with low levels of NEP and ACE activity in this region.
Subchronic, but not acute, administration of haloperidol (1 mg/kg) decreased
ME degradation on FC (16% vs. control) and on CP (10% vs. control) slices.
Haloperidol treatment also decreased accumulation of aminopeptidasederived fragments Tyr and Gly-Gly-Phe-Met in both brain regions. The
accumulation of Tyr-Gly-Gly, however, was not altered by haloperidol
treatment in either brain region. These data suggest that the haloperidolinduced decrease in ME degradation results from a selective reduction in the
activity of aminopeptidase(s). (Supported by NIMH grant MH42600)
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EFFECT OF DOPAMINERGIC DRUG ADMINISTRATION ON SUBSTANCE
P DEGRADATION BY REGIONAL RAT BRAIN SLICES. S.M. Waters*. C.S.
Konkov and T . P. Davis. Dept. Pharmacology, Univ. Arizona, Tucson, AZ 85724.
The neuropeptide substance P (SP) interacts with nigrostriatal and
mesocorticolimbic neurons to modulate dopamine (DA) release. Neuroleptic
drugs have been shown to decrease the level and mRNA of SP following
subchronic administration. Additionally, our laboratory has shown that the
metabolism of SP is altered in a regionally specific manner following 7 day
administration of the typical neuroleptics haloperidol (lmg/kg) and
chlorpromazine (20mg/kg) suggesting altered neuropeptidase activity (J.
Pharmacol. Exp. Ther., in press). In the present study, the effect of subchronic
(7 day, i.p.) administration of atypical antipsychotics and selective dopamine
receptor agonists and antagonists on SP degradation was determined using

intact, rat frontal cortex (FC), caudate-putamen (CP) and nucleus accumbens
(NA) slices.
In contrast to the decrease in SP degradation in CP and NA following typical
neuroleptics, the nonselective DA agonist apomorphine (5mg/kg, bid)
significantly increased SP metabolism in NA while the atypical antipsychotic
clozapine (20mg/kg) had no effect on SP metabolism in any region studied.
Selective DA receptor compounds were used to determine through which
receptor subtype haloperidol, chlorpromazine and apomorphine produce their
effect on SP metabolism. Neither the selective DAj agonist SKF 38393 (1 or
5mg/kg, bid) or the DAj antagonist SCH 23390 (0.5 or 2.5 mg/kg, bid) had an
effect on SP degradation. Interestingly, the DA2 antagonist sulpiride (100
mg/kg, bid) was also without significant effect. Therefore, these data suggest
that neuroleptic-induced alterations of SP-metabolizing neuropeptidases are
mediated through additive interactions at multiple DA receptor subtypes.
(Supported by NIMH grant MH42600 and an AFPE fellowship).
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LOCALLY ADMINISTERED MORPHINE REDUCES VENTRAL PALLIDAL
OPIOID PEPTIDE RELEASE. M.F. Olive* and N.T. Maidmcnt.
Neuroscience Ph.D. Program & Dept. of Psychiatry, UCLA School of
Medicine, Los Angeles, CA 90024, USA.
Previous work from our laboratory has demonstrated a morphine-induced
elevation in pallidal extracellular opioid peptide levels following peripheral
administration (NeuroReport, in press). In an initial attempt to determine the
site of action for this effect, morphine was locally administered into the ventral pallidum and changes in opioid peptide release in this region were studied
in freely moving rats using in vivo microdialysis coupled to highly sensitive
radioimmunoassay procedures. We have previously shown that the opioid
peptides recovered from pallidal dialysates are primarily met- and leu-

INTRASTRIATAL MORPHINE DECREASES THE RELEASE OF
DOPAMINE IN THE STRIATUM: TOLERANCE PRODUCED BY
REPEATED MORPHINE ADMINISTRATION. T.P. Piepoonen. J. Mikkola. M.
Ruotsalainen & L. Ahtee*. Dept, of Pharmacy, Div. of Pharmacology and
Toxicology, P.O.Box 15, FIN-00014 University of Helsinki, Finland.
It is well-known that systemic administration of opioids increases the synthesis,
metabolism and release of dopamine (DA) in the striatum thereby increasing DA
transmission. It appears, however, that morphine can also have an inhibitory effect
on nigrostriatal DA release as reflected in striatal 3 -methoxytyramine in rats
(Ahtee et al., J. Pharmacol. Exp. Ther. 1990, 255, 803-808). The effect of
morphine challenge on DA transmission is augmented during withdrawal from
chronic morphine treatment (Ahtee et al., J. Pharmacol. Exp. Ther. 1989, 249,
303-310; Attila and Ahtee, N-S Arch. Pharmacol. 1984,327, 201-207; Honkanen
et al., Neurosci. Lett. 1994, 180, 119-122). Therefore, it is possible that the
sensitization of DA release during withdrawal results from tolerance to the
inhibitory effect of morphine on DA release. To study this inhibitory effect rats
were implanted with microdialysis probes into the striatum under pentobarbitone
anesthesia, and allowed to recover for 40 h after surgery. Morphine (1, 10, and
100 pM) was dissolved in Ringer-solution and given directly into the striatum
throuigh fire microdialysis probe (2 pL/min) for 4 h. Extracellular concentrations of
DA and its metabolites DOPAC and HVA were determined by HPLC with
electrochemical detection. Morphine significantly and dose-dependently reduced
striatal DA release (by up to 60 %, P<0.001). The concentrations of DA
metabolites were only slightly decreased (by 10-15 %). The effect of morphine
(100 pM) was reversed by naltrexone (2.5 mg/kg s.c.). In rats withdrawn for 48 h
from repeated morphine treatment (20 to 50 mg/kg s.c. for 7 days) morphine (100
pM) reduced the release of DA significantly less than in rats treated repeatedly
with saline (P<0.01). Our results confirm the assumption that there is an inhibitory
component to the effect of morphine on striatal DA release. Further, development
of tolerance to the inhibitory effect of morphine on striatal DA release may at least
partly account for the sensitization of nigrostriatal DA transmission to morphine
challenge during withdrawal. (Supported by grants from the Finnish Cultural
Foundation, the University of Helsinki and the Academy of Finland)

enkephalin (Neuroscience 33:549-557,1989). Male Sprague-Dawley rats were
implantated with guide cannulae and allowed at least four days of recovery
prior to implantation with dialysis probes (2 mm membrane length) into the
ventral pallidum. Following an overnight equilibration period, dialysis

samples were collected at 30 min intervals. When morphine was incorporated
into the perfusion medium for 30 min at 2 h intervals, opioid peptide release
was slightly but not significantly decreased with respect to baseline during
each 90 min post-injection period at 10 pM (16.7±18.5%, n=7) and 100 pM (30±

15.3%, n=6) doses. However, when 100 pM morphine was incorporated into
the perfusion medium for 120 min at 4 h intervals, opioid peptide release was
significantly reduced during each 2 h period post-injection, with the second
administration producing a more profound (46.9±14.9%, n=6) decrease.
These data demonstrate that opioid peptide release in the ventral pallidum is
suppressed by local administration of morphine and suggest that this peptide
release is perhaps under control of presynaptic p opioid receptor autoregulatory mechanisms. Supported by DA05010, DA05634 & the W.M. Keck Fdn.

726.4

726.3

POTASSIUM AND 4-AMINOPYRIDINE EVOKED RELEASE OF STRIATAL
DOPAMINE AND HIPPOCAMPAL NOREPINEPHRINE DURING MORPHINE
WITHDRAWAL. Kenneth Grasing*. Stefan D. Schlussman. and John J. Woodward
Program in Clinical Pharmacology, Dept, of Medicine, UMDNJ-Robert Wood
Johnson Medical School, New Brunswick, New Jersey 08901
Microdialysis studies have shown that opiate withdrawal can diminish in-vivo
levels of extracellular dopamine (DA). Using a striatal slice preparation, previous
studies have demonstrated that the electrically evoked release of DA is decreased for
periods of up to three weeks following opioid withdrawal. We attempted to extend
these findings by examining the potassium (K*) and 4-aminopyridine (AP)
stimulated release of DA in the striatum and norepinephrine (NE) release in the
hippocampus following withdrawal from morphine dependence.
Wistar rats received continuous infusions of morphine sulfate (MS) at 6.4 mg/kghr delivered by subcutaneous osmotic pumps (n= 6) or sham operations (n = 6) ■ for 7
days. Following 2 to 15 days of withdrawal, animals were sacrificed by decapitation,
the striatum and hippocampus were removed and cross cut to' 350 pm slices with a
Mcllwain tissue chopper. Tissue slices were washed extensively and then loaded
with [3H] neurotransmitter. After determining levels of baseline release, slices were
exposed to 25 mM K+ or 300 pM AP (stimulation 1{S1J), with a second release
stimulated after an additional baseline period (S2). Tissue from morphine (MS)
treated and control (CTL) subjects demonstrated similar levels of neurotransmitter
release. Mean and standard deviation for striatal tissue SI was 9.5% ±3.4 and 10.4
± 2.1 for CTL and MS K+ stimulated with 6.0% ± 2.1 and 7.8% ±3.9 for CTL and
MS AP stimulated. Values for hippocampus were 7.5% ± 2.3 and 7.0 % ± 0.9 for
CTL and MS K+ stimulated and 3.9% ± 1.0 and 4.7% ± 1.7 for CTL and MS AP
stimulated. In conclusion, niether K+ or AP evoked release of striatal DA or
hippocampal NE were altered during MS withdrawal.
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EFFECT OF NITRIC OXIDE SYNTHASE INHIBITION ON
ACUTE MORPHINE AND CLONIDINE WITHDRAWAL
RESPONSE IN THE RAT LOCUS COERULEUS.
S. Hall.
S. Duggan, B. Milne, K. Jhamandas*. Departments of Pharmacology
& Toxicology, and Anesthesia, Queen’s University, Kingston, Ontario,
Canada. K7L 3N6.
Activation of NMDA and nOn-INMDA receptors contributes to the
hyperactivity of noradrenergic neurons of the locus coeruleus (LC)
associated with opioid and non-opioid drug withdrawal syndromes.
Using an in vivo voltammetric approach, we have examined the role of
nitric oxide (NO), which mediates NMDA receptor function, in this
hyperactivity. In the anesthetized rat, an acute intraventricular
injection of morphine (10 pg) or clonidine (10 pg) suppressed catechol
oxidation current (CA.OC) recorded from the Lc using differential
normal pulse voltammetry. A subsequent injection of the opioid
antagonist naloxone (2 mg/kg IV) given 45 minutes after morphine, or
the a2-receptor antagonist atipamezole given 45 minutes after
clonidine, reversed drug-induced inhibition of LC response and
produced an increase in CA.OC above baseline (LC withdrawal
response). Pretreatment of animals with Nw-mtro-L-arginine methyl
ester (L-NAME), an inhibitor of NO synthase, blocked the LC
withdrawal response. This treatment, however, did not influence the
inhibitory effect of morphine or clonidine action on LC activity. The
results suggest that NO plays a role in the genesis of acute morphine
and clonidine withdrawal at the level of LC. [Supported by Medical
Research Council of Canada]
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EFFECTS OF THE NO SYNTHASE INHIBITOR, L-NAME ON
MORPHINE TOLERANCE: AN EEG STUDY IN THE RAT 2L
Guo. L. R. King. A. Mattia and J. E. Moreton* . Pharmacology and
Toxicology, Univ. Maryland Sch. Pharmacy, Baltimore, MD 21201.
A previous study has shown that N°-nitro-L-arginine methyl ester
(L-NAME), a NO synthase inhibitor, attenuated the development of
tolerance to the analgesic effects of morphine in mice (Majeed et al.,
1993). In this study, electroencephalography (EEG) was used to
investigate the effect of L-NAME on morphine tolerance in three
groups of female Sprague-Dawley rats bearing chronic i.v. cannulas
and cerebrocortical electrodes. Groups I, II and III received chronic
saline, chronic morphine, or chronic morphine plus L-NAME (5
mg/kg/day), respectively. Cumulative dose-response curves for EEG
total power and edge frequency were generated in each group by
giving morphine (2.5, 5, 10, 20, 40 and 80 mg/kg, i.v.). Relative
to Group I, Group II demonstrated morphine tolerance as shown by
decreased EEG total power and increased edge frequency.
Coadministration of L-NAME (Group III) did not prevent morphine
tolerance except at the highest morphine dose. Similar to the report
ofRauhala et al. (1994) for hyperthermic and hormonal responses in
the rat, our data likewise suggest that tolerance to the EEG effects of
morphine are not attenuated by L-NAME.

5-NITRO-6,7-DIMETHYL-23-QUINOXALINEDIONE (ACEA-1328),
A NOVEL NMDA RECEPTOR/GLYCINE SITE ANTAGONIST
BLOCKS CHRONIC TOLERANCE TO MORPHINE IN THE TAIL
FLICK TEST. K. Lutfff1. P. Doan1. S.X. Cai2 and E. Weber1.
JDept. of Pharmacology, University of California, Irvine, Irvine, CA
92717; 2Acea Pharmaceuticals, Inc., A subsidiary of CoCensys, Inc.,
213 Technology Drive, Irvine, CA 92718.
The results of recent studies suggest that activation of the N-methyl-Daspartate (NMDA) receptor is critical in the genesis of tolerance to
morphine. In the present study we have tested the hypothesis that blockade
of NMDA receptors via antagonism of the glycine co-agonist site can
block opioid tolerance. To study the acute effect of ACEA-1328 on
morphine-induced antinociception, mice were injected with either Bis-Tris
(0.2 M) or ACEA-1328 (1, 10, and 20 mg/kg, i.p.). Mice were then
immediately injected with morphine (1-8 mg/kg, s.c.), and tested in the tail
flick assay 30 min later. In tolerance studies, mice were daily injected with
either Bis-Tris or ACEA-1328 (20 mg/kg, i.p.) immediately followed by an
injection of either saline or morphine (10 mg/kg, s.c.) for 9 days. On day
10 (test day), a baseline (pre-drug) tail flick latency was measured for each
mouse; mice were then injected with morphine (3-10 mg/kg, s.c.). Thirty
min later, mice were tested for post-drug tail flick latencies. ACEA-1328
acutely potentiated but chronically had no significant effect on the
antinociceptive effect of morphine. Chronic administration of morphine
produced an approximately 2-fold decrease in the potency of morphine
which indicates tolerance developed to the antinociceptive effect of the
drug. Co-administration of ACEA-1328 with morphine blocked morphine
tolerance. These data suggest that blockade of the NMDA receptor/glycine
co-agonist site can prevent morphine tolerance. (Supported in part by
NIDA Grant DA 06726)

726.7
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THE EFFECT OF MK-801 ON THE EXPRESSION OF MORPHINE
TOLERANCE IN THE NEONATAL RAT SPINAL CORD. J.A. Bell* and
C.L. Beglan. Neuroimaging & Drug Action Sec, IRP, NIDA, Balto, MD 21224.
We have previously shown chronic co-treatment with MK-801 does not
prevent the development of morphine tolerance in the isolated spinal cord of
the neonatal rat. In the present study we tested the effect of acute MK-801 on
the expression of tolerance in this preparation. Acute morphine reduces the area
of the ventral root potential (VRP) without reducing the peak amplitude. MK-

INTRACEREBRAL INJECTION OF MORPHINE IN THE SUBSTANTIA
NIGRA INDUCES C-FOS PROTEIN IN THE STRIATUM ASSOCIATED
WITH A ROTATIONAL BEHAVIOUR. B. Bontemoi. J. Liu. S. S. Massa* and
F.R. Sharp. Dept, of Neurology, Univ. of California at San Francisco and
SFVAMC, San Francisco, CA 94121.
We previously showed that systemic adminstration of morphine induced c-fos
mRNA and fos protein in neurons of the medial and ventral striatum (ST) and in
the nucleus accumbens. The induction was completely blocked by a pretreatment
with the D1 antagonist SCH23390 and the NMDA receptor antagonist MK-801.
(Liu et al.,1994, PNAS, 91, 8537-8541). However, these results do not
demonstrate where morphine is actually acting nor what neuronal pathways and
receptors are mediating the morphine induciton of fos. In an attempt to answer
these questions, using standard stereotaxic surgical techniques, local intracerebral
injections of morphine have been performed into brain regions hypothesized to be
involved in mediating fos induction. The injection of 10 ug of morphine in the
substantia nigra (SN) induces two different behavioral responses associtaed with
two different patterns of Fos proteins in the ST. Some animals remain quiet after
the injection and their fos pattern in the ST is similar to the one received systemic
injection of morphine (refered as medio-dorso pattern). Others develop a rotation
behaviour contralateral to the injection side, associated with striatal fos pattern
much more latero-dorsal. The unilateral injection in the SN of the mul selective
antagonist naloxonazine given 30 minutes prior to the systemic injection of
morphine prevents c-fos induction in the ST ipsilateral to the naloxonazine
injection, showing that morphine acts mainly through the mul receptors located
in the SN to induce dopamine release and fos protein in the ST. Taken together,
these results suggest tht fos induction reflects the activation of D1 receptors and
could be used as a potential marker for dopamine release in particular areas of the
ST that may be responsible for rotational behaviour.

801 (300nM) alone has no effect on the peak amplitude or area of the VRP, but
enhances the morphine induced depression in saline treated neonates.
Thompson et al., (1992) have characterized various components of the
electrically-evoked VRP relating to various types of afferent input. In the
present study we evaluated the peak of the prolonged component of the VRP
which occurs 2 seconds after a single shock stimulation of the dorsal root of
sufficient intensity to activate C-fibre afferents. MK-801 (300nM) alone had
no effect on the amplitude of the VRP 2 seconds after the stimulus. Morphine
in concentrations of (lOnM, lOOnM, luM, lOuM) also had no effect on the
peak of the prolonged component; however, morphine reduced the area of the
VRP by reducing the prolonged late portion of the response. Acute MK-801
with morphine in the above concentrations, decreased the 2 second peak by 23,
37, 55, 69 percent respectively in saline treated neonates. In chronic morphine

treated neonates acute MK-801 (300nM) with morphine in the above
concentrations decreased the 2 second peak by 11, 34, 53, 64 percent
respectively. These results show, in the presence of morphine tolerance, acute
m K-801 still acts in synergy with morphine to reduce the peak of the prolonged

VRP. Thus tolerance to this synergistic effect is not produced by chronic
morphine administration.

726.9
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EFFECT OF NALOXONE AND NEUROPEPTIDE FF (NPFF) ON THE
EXPRESSION OF c-FOS IN THE BRAIN OF MORPHINE-DEPENDENT RATS.
K.H. Jhamandas.. K.H. Harris*. M. Sutak and J.H. Jhamandas. Department of
Pharmacology & Toxicology, Queen's University, Kingston, Ontario &
Department of Medicine (Neurology) & Division of Neuroscience, University
of Alberta, Edmonton, Alberta, Canada.
NPFF has been designated as an endogenous morphine modulatory
peptide with a potential to exert anti-opioid or opioid-like effects. To assess
the potential of this peptide as an anti-opioid, we examined the effect of
NPFF, 1DME (a synthetic NPFF analog resistant to degradation), and
naloxone on behaviour and CNS expression of Fos in morphine-dependent
and control rats. Animals received intracerebroventricular infusions of
morphine (15pg/hr) or saline for 5 days, following which central injections of
either naloxone, NPFF, or 1DME were made. In saline-infused animals
naloxone produced few behavioural signs and minimal expression of brain
Fos immunoreactivity. Injection of naloxone (2gg) into the lateral ventricle of
morphine-dependent animals produced signs of autonomic and somatic
hyperactivity. It also produced significant elevation of Fos positive neurons
in the area postrema, nucleus tractus solitarius, locus coeruleus and
paraventricular nucleus. Injection of NPFF (5fjg) or 1DME (1 ty/g) produced
behavioural signs and induced Fos levels comparable to those seen after
naloxone injection in saline-treated animals. These results suggest that
centrally administered NPFF or its analog do not appear to mimick the
actions of naloxone in morphine-dependent animals.

CHRONIC EXPOSURE TO MORPHINE ATTENUATES THE EXPRESSION
OF INTERLEUKIN-1 p CONVERTING ENZYME IN THE RAT BRAIN . S.L.
Chang*. G. Wu. J. Graf. vJ.E, Zadina and N.A. Patel Department of Biology,
Seton Hall University, South Orange, NJ 07079; 1VA Medical Center and
Tulane Medical School, New Orleans, LA
Alterations in the production, activity, or metabolism of interleukin-1 p (IL-ip),
an immunocytokine, by exogenous factors may have modulatory effects on the
neuro-endocrine-immune system. We previously reported that chronic
morphine treatment attenuates interleukin-1 p activation of FOS expression in
the rat hypothalamic paraventricular nucleus (Chang, et al 1994). Recently,
we found that chronic exposure to morphine attenuates IL-1 p immunoreactivity
in the rat hippocampus (Patel, et al 1995). A cysteine protease, interleukin-1 p
converting enzyme (ICE), has been shown to cleave the inactive 31 Kd
precursor to yield the biologically active 17 Kd form of IL-1 p. In this study, we
examined the expression of ICE by reverse transcriptase polymerase chain
reaction (RT-PCR) in the rat hypothalamus and hippocampus following chronic
treatment with morphine versus placebo. Adult male Harlan Sprague-Dawley
rats (275-300 g) were implanted subcutaneously with 2 pellets of either
morphine sulfate (75 mg/pellet) or placebo on Day 1 and 4 pellets on Day 2.
On Day 5, the animals were decapitated and the hippocampus and
hypothalamus were collected and frozen on dry ice until total RNA isolation.
The RT-PCR procedures were performed on the total RNA samples. The
expression of ICE in both hypothalamus and hippocampus of the rat given
chronic morphine treatment was less than that of animals given placebo.
These data suggest that a decrease in ICE may mediate, or contribute to the
attenuation of IL-1p expression in the rat brain following chronic treatment
with morphine.

Supported by the Medical Research Council of Canada
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CHRONIC MORPHINE (MOR) TREATMENT LEADS TO COMPARABLE
REDUCTIONS IN RESPONSES OF GUINEA PIG nTS NEURONS TO MOR,
MUSCIMOL (MUS) AND 2-CHLOROADENOSINE (2-CADO). C.J. Malanga,
W.W. Fleming and D.A. Taylor*, Dept. of Pharmacology, WVU School of
Medicine, Morgantown, WV 26506-9223.
Chronic implantation with MOR pellet leads to a 5.6-fold subsensitivity of guinea
pig nTS neurons in vitro to MUS and a 3-fold supersensitivity to elevations in
extracellular K+. Since cumulative addition of either MOR or 2-CADO leads to
acute desensitization in control preparations, the specificity of the chronic
subsensitivity of opioid tolerant nTS neurons was examined using single
concentrations of the agonists. Extracellular action potentials of individual nTS
neurons were recorded and drug responses quantified as the percent reduction in
frequency. Each neuron was exposed to MOR (lpM) and either MUS (0.3 pM) or
2-CADO (lpM). Chronic treatment with MOR led to a magnitude of reduction in
the inhibitory activity ofeach agent that was similar among brain slice preparations
for each agonist employed. MUS produced 50% while MOR produced 75%
inhibition of neuronal activity in placebo treated preparations. Chronic treatment
with MOR reduced the inhibitory activity of MOR by 41% and that of MUS by
47%. 2-CADO reduced neuronal activity by 65% while MOR inhibited the activity
of the same neurons by 60%. Chronic in vivo treatment with morphine reduced the
inhibitory effects of these nTS neurons in vitro by 66% for MOR and 65% for 2CADO. Thus, the development of tolerance to opioids in the guinea-pig brainstem
is associated with a nonspecific change in responsiveness to a variety of agonists.
The data are consistent with a cellular mechanism of adaptation involving general
neuronal responsiveness, such as membrane properties, rather than specific
receptors. Supported in part by NIH grant DA03773.

NORADRENERGIC

BLOCKADE

DISSOCIATES

BIOCHEMICAL

AND

NEUROSECRETORY

RESPONSES OE RAT OXYTOCIN NEURONES TO MORPHINE WITHDRAWAL EXCITATION.

C.H. Brown*. L.E. Johnstone. , T. Onaka*. N.P. Murphy, G. Leng & J , A, Russell.
Department of Physiology, University of Edinburgh, EH8 9AG, U. K., ^Department

of Physiology, Jichi Medical School, Japan, 329-04.
Magnocellular oxytocin (or) cells develop morphine dependence, seen as increases
in firing rate, supraoptic nucleus (son ) Fos protein expression and ot secretion
following naloxone (NLXhprecipitated withdrawal (Bicknell et aL J. Physiol., 396,
297-317. 1988). Brainstem noradrenergic (na ) cells, principally the A2 group in the
nucleus tractus solitarius (NTS), project to son ot cells (Cunningham & Sawchenko,
TINS, 14, 406-411, 1991) and also develop morphine dependence (Stornetta et al,
Brain Res., 624, 19-28, 1993). Acute intracerebroventricular (i.e.v.) infusion of the
a,i -antagonist, benoxathian (ben ), delays the increase in firing rate of son ot cells
and the increase in plasma ot concentrations following withdrawal. Thus,
withdrawal excitation of ot cells may passively follow excitation in the afferent A2
projection. Expression of the protein product (Fos) of the immediate early gene c-fos
was used to determine the activation of son ot cells during NLX-prrcipitated
withdrawal in barbiturate-anaesthetised Sprague-Dawley rats challenged with a
prolonged infusion of ben . Projections to the son were retrogradely-labelled with
fluorescent microspheres and this was coupled with Fos immunocytochemistry to
determine which inputs to the son are activated during withdrawal excitation.
Contrary to the electrophysiological and plasma ot results, the increased Fos
expression in the son was unaltered by i.e.v infusion of ben indicating that, while
electrical and secretory activity is attenuated by ^-antagonism, biochemical
excitation progresses within or cells regardless. Of retrogradely-labelled cells, nts
cells are selectively activated during withdrawal. Thus, dependence is an intrinsic
property of ot cells but synaptic activity in afferent nts na projections is required for
expression of withdrawal excitation as neurosecretion. Supported by the B.B.S.R.C.

726.13

726.14

MORPHINE-INDUCED ANALGESIA IS DIFFERENTIALLY AFFECTED BY
DURATION AND TYPE OF SUCROSE FEEDING. K. E. D'Anci, R. B.
Kanarek*. R. Marks-Kaufman and H. Blohm. Dept. of Psychology., Tufts
Univ., Medford, MA 02155.
Previous research shows that in^^ake of palatable foods alters morphineinduced analgesia (MIA). Some of these studies found an enhanced MIA
after sucrose feeding whereas others showed a decreased MIA. The purpose
of the present studies was to examine whether acute versus chronic exposure
to sucrose solutions differentially alters MIA, and whether availability of water
in addition to sucrose is necessary to enhance MIA.
Experiment 1 used 20 adult male Long-Evans VAF rats. All rats had ad lib
access to ground chow and water. Ten rats were also given a 32% sucrose
solution in addition to water. The acute test phase took place after 5 hr of
access to either sucrose or water alone. The chronic test phase took place
after rats had been consuming sucrose for 3 wks. MIA was assessed with the
tail-flick method. Injections of 2.5 mg/kg (ip) of morphine sulfate were given in
a cumulative dose paradigm every 30 min. until a final dose of 15 mg/kg was
achieved. In the acute feeding test, sucrose suppressed MIA, whereas
chronic intake of sucrose significantly enhanced MIA.
The second study examined if a choice between water and sucrose was
necessary to alter MIA. Three diet conditions were used with 10 rats in each:
water alone, sucrose and water, and sucrose alone. All rats were also fed
ground chow. There was an acute test after 5 hr of fluid availability, and a
chronic test after 3 wks. In the acute phase, sucrose alone suppressed MIA
relative to water and sucrose and water. During the chronic stage, however,
exposure to sucrose regardless of a water choice enhanced MIA.
These results indicate that duration of exposure to palatable foods
influences MIA. Acute exposure may release endogenous opioid peptides and
induce tolerance to morphine, while chronic intake may alter opioid receptors.

CHRONIC MORPHINE AND ACUTE ESTROGEN: CONVERGENCE ON fOPIOID RECEPTOR COUPLING TO THE INWARDLY-RECTIFYING
K+CHANNEL IN HYPOTHALAMIC ARCUATE NEURONS (ARC) . &
Zhang*.E.J. Wagner. A.H. Lagrange. O.K. Ronnekleiv___and MX-Keily*
Department of Physiology, Oregon Health Sciences U., Portland, OR 97201.
We have demonstrated that chronic morphine treatment (7 days) causes tolerance
of ARC neurons to /^-oopliDid receptor activation (Reg Peptides 54:145, 1994), and
that acute 17-p estradiol (Ej) rapidly uncouples the jr-opioid receptor from its K*
channel in a subpopulation of ARC neurons (J. Neurosci 14:6196, 1994). The aim
of this study was two-fold: (1) to investigate the effects of a 4 day chronic morphine
regimen on the potency and efficacy of /i-agonist DAMGO-mediated
hyperpolarization of ARC neurons; and (2) to measure the acute effects of E2 on
ARC neurons from morphine-treated animals. Intracellular recordings were made
in hypothalamic slices from ovariectomized guinea pigs (GP) implanted s.c. with

morphine- or placebo-pellets (4x75 mg for 2 days plus 6 more for a total of 4 days).
The EC*, and
of DAMGO elicited hyperpolarization in control (n=5) was
45±4 nM and 14±3 mV, respectively. Based on the analysis of DAMGO potency
data using an ANOVA with post-hoc tests for the morphine-treated GP, the ARC
neurons were divided into three distinct groups (p < 0.01): non-tolerant with an
EC*, of 52 ±7 nM (n=7); tolerant with an EC*of 117 ± 11 nM (n=4); and supertolerant with an EC*, of 241+30 nM (n=4) and a decreased Vw This data from
the 4-day regimen further confirm previous findings of multiple expression of
tolerance to g-opioids in ARC neurons with a 7 day-morphine treatment. Moreover,
in morphine-tolerant animals there was no significant change (paired t-test, n=9,
p >0.05) in the EC*, of DAMGO after acute exposure (20 min) to Ej (100 nM). The
apparent occlusion of E^s actions by chronic morphine may provide valuable
information for determining the underlying mechanisms of these two modulators
(Supported by PHS Grant DA05158).

726.15

726.16

HOMOLOGOUS VS. HETEROLOGOUS DESENSITIZATION OF RECEPTORMEDIATED POTASSIUM CURRENTS IN THE RAT LOCUS COERULEUS.
S.L Ingram*. C.D. Fiorillo and J.T. Williams. Vollum Institute, Oregon Health
Sciences University, Portland, OR 97201.
p-opioid and ot2-adrenergic receptors both activate the same potassium

INTERACTION BETWEEN OPIOIDS AND EXCITATORY NEUROTRANSMITTERS IN THE MEDIAL PREFRONTAL CORTEX. J.L.
Giacchino* and SJ. Henriksen. Dept, of Neuropharmacology, The
Scripps Research Institute, La Jolla, CA 92037.
Mu opioids can mediate reinforcing effects of heroin in the rat. This
mediation may involve alteration of endogenous neurotransmitter
systems. Medial prefrontal cortex (mPFC) circuitry is a significant
component of reinforcement pathways, and the activity of its neuronal
population has been previously shown to be modified 6y both systemic
and electrophoretically administered opioids. In this study we sought to
determine possible mechanisms for this action.
Extracellular recordings were made from neurons in the mPFC in
halothane-anesthetized rats. Areas investigated included the dorsal
anterior cingulate, prelimbic and infralimbic components of the mPFC.
Systemic morphine (2.5 mg/kg, sc) and electrophoretically-applied
DAMGO, a mu opioid agonist (1 mM), were evaluated in terms of their
effect on mPFC neuronal firing in response to electrophoreticallyapplied acetylcholine (ACh, 1M) and glutamate (Glu, 0.2M). As
expected, prior to the application of opioids, many mPFC cells were
found to increase firing rate in response to both ACh and Glu. Systemic
morphine attenuated or blocked the Glu-induced excitation in the
majority of these cells, whereas the ACh excitatory effect remained
unaltered. However, some neurons exhibited no changes in response to
ACh or Glu following systemic morphine. As noted previously,
electrophoretic application of DAMGO decreased the spontaneous firing
of most mPFC neurons. When applied concurrently with either ACh of
Glu, this mu agonist was found to nave different effects as a function of
the individual mPFC neuron studied. DAMGO attenuated the response to
ACh and Glu in some cells, but in other neurons it clearly blocked the
excitatory Glu response without altering the response to ACh. In a
third group of neurons, DAMGO was found to have no effect on either the
ACh- or Glu-induced responses.
(Supported by SDAC #DA00201 and NIDA #DA08301)

channels in rat locus coeruleus (LC). Acute or chronic treatment with opioid
agonists induces tolerance that is specific to the p-opioid response, with little change
in the
mediated response. We have performed intracellular recordings to make a

quantitative comparison of desensitization to opioid and a? agonists in a brain slice
preparation of rat LC. Drug-induced outward potassium currents were measured in
neurons voltage-clamped at -60 mV. A supramaximal concentration of the opioid
agonist met-enkephalin induced a profound homologous desensitization, but little
heterologous desensitization to a2 agonists or somatostatin. A supramaximal

concentration of the ct2 selective agonist UK 14304 showed relatively little

desensitization. Current-voltage plots revealed that both the opioid and 02

desensitization observed at -60 mV was due only to a reduction in potassium current.
Opioid and 02 desensitization could also be distinguished by muscarinic modulation.
In the presence of muscarinic agonists, the rate and magnitude of opioid
desensitization was increased, while ct2 desensitization was not altered. The acute

desensitization examined here shares a number of characteristics with the
desensitization observed in chronically morphine treated animals and may play a role
in the initiation of chronic tolerance to opioids.
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BACLOFEN-INDUCED INHIBITION OF HYPOTHALAMIC NEURONS:
PHARMACOLOGY AND POTENTIAL FOR CROSS-TOLERANCE WITH A /zOPIOID AGONIST FOLLOWING CHRONIC MORPHINE. E.J. Wagner*. G. Zhang.
A.H. LaGrange. O.K. Romekleiv and M.J. Kelly. Dept, of Physiology, Oregon Health
Sci. Univ., Portland, OR 97201.
The Y-aminobutync acid (GABA)b receptor agonist baclofen has prominent inhibitory
actions in neuroendocrine regions of the mammalian CNS. For example, baclofen
inhibits arcuate nucleus neurons by membrane hyperpolarization attributed to an increase
in an inwardly rectifying K+ conductance. This response is identical to that following
activation of /z-opioid receptors, which couple to the same effector in this brain region.
The purpose of the present study was to characterize the pharmacology of the baclofen
response, and to determine if cross-tolerance develops with p-opioid agonists following
jxronic morphine treatment (subcutaneous implantation of 4 pellets each containing
"5^ of morphine on day 0, followed 2 days later with the implantation of 6 additional
pellets) for 4-7 days. To this end, intracellular recordings of arcuate nucleus neurons
were made in coronal hypothalamic slices (450pm) prepared from ovariectomized female
guinea pigs. At a concentration of 30/ZM, the GABAb receptor blockers CGP 35348 and
2-hydroxysaclofen shifted the baclofen dose-response curve to the right with an
estimtdK of 3.2±1.4pM (mean±SEM; n=3) and 15.8±4.9pM (n=2), respectively.
Compared to placebo-treated controls, chronic morphine treatment reduced the potency
of the p-opioid receptor agonist DAMGO but not of baclofen. Taken together, these
results show that: 1) the inhibitory effect of baclofen on arcuate nucleus neurons is
consistent with its actions as a GABAb receptor agonist, and 2) chronic morphine
exposure does not produce cross-tolerance between GABAb and p-opioid receptor
agonists. This latter finding suggests that convergence of the two receptors systems to
the same effector may not be a sufficient criterion for cross-tolerance between receptor
systems. (This work was supported by Grants DA05158 and DA07262).

ACTION OF MU-SELECTIVE OPIOIDS ON COMMISSURAL PATHWAY
MODULATION OF DENTATE GYRUS CIRCUITRY. J.H. Maver*. S.J.
Henriksen. Dept. of Neuropharmacology, The Scripps Research Institute, La
Jolla, CA 92037
In order to better understand the effects of mu-selective opioids on the
physiology of the dentate gyrus of the hippocampus, we stimulated
(conditioning stimulation) the contralateral hilus (CH) while concurrently
recording single neurons and population spikes (PSs), evoked by stimulation of
the ipsilateral perforant path (PP), extracellularly in halothane anesthetized
rats. Single cells were characterized electrophysiologically as dentate granule •
cells (DGCs), interneurons (INTs), or hilar mossy cells (HMCs). Subsequently,
[D-Ala^, NMe-Phe4, Gly-ol]-Enkephalin (DAMGO), a mu-selective opioid, was
administered electrophoretically. We found that stimulation of the commissural
pathway prior to stimulation of the PP reduced the PS amplitude. This effect
was dependent on the stimulus intensity and the interval between the two
stimuli. CH stimulation by itself did not produce a PS and individual DGCs
could not be driven. However, CH stimulation orthodromically activated INTs,
both in the granule cell layer and within the hilus. HMCs were typically either
not activated by CH stimulation, or were driven antidromically. Administration
of DAMGO tended to reverse the inhibition produced by CH stimulation on
perforant path PSs; however, this effect was less impressive when the stimulus
intensity at the PP was adjusted to control for the primary PS amplitude.
DAMGO did not affect the latency of INTs to activation by CH stimulation at
stimulus intensities that were relevant for inhibition of the PS. We conclude
that stimulation of the commissural pathway reduces PP-evoked PSs through
the excitation of INTs, both within the granule cell layer and the hilus.
Furthermore, the influence of mu-selective opioids on this pathway is not as
pronounced as the mu-related effects on the PP or on the spontaneous activity
of cells within the dentate gyrus. (Supported by DA 00143 to JHM)

726.19

726.20
DEMONSTRATION OF p-OPIOID RECEPTOR SUPPRESSION
OF Ca2+ CURRENTS IN CENTRAL NEURONS. B.L. Soldo* and
H.C. Moises. Department of Physiology, University of Michigan, Ann
Arbor, MI 48109.
Opiates and opioid peptides have been shown to suppress voltagesensitive Ca2+ conductances in peripheral neurons and a variety of
neuron-like cell lines; however, this effect has only recently been
demonstrated in central neurons. In this study, whole-cell Ca2+ channel
currents were recorded from acutely isolated neurons of rat ventral
forebrain, a region rich in opiate receptors, to examine the possible
coupling between opioid receptors and neuronal Ca2+ channels. High
voltage-activated (HVA) currents were elicited by 100 ms depolarizing
steps (-10 mV to +10 mV) from a holding potential of -80 mV, using
4mM Ba2+ as charge carrier. Bath application of the p-opioid selective
agonist
H-Tyr-D-Ala-Gly-Phe(N-Me)-Gly-ol
(DAGO,
3pM)
reversibly suppressed the peak amplitude of HVA currents (with 40%
maximal effect) and slowed their rate of activation. The L- and N-type
Ca2+ channel blockers, nifedipine and o-conotoxin GVIA, respectively,
blocked pharmacologically distinct components of the HVA current in
these neurons. The DAGO-sensitive component was reduced after
blockade of N-type currents by GVIA. In addition, cells that showed
Ca2+ inhibitory responses to DAGO exhibited morphological features
of principal neurons and stained positive for acetylcholinesterase.
These data suggest that postsynaptic p-opioid receptors are negatively
coupled to N-type Ca2+ channels in rat forebrain cholinergic neurons.
(Supported by NIH grant DA-03365).

cAMP CASCADE: ROLE IN p OPIOID-MEDIATED INHIBITION
OF NMDA CURRENTS IN DENTATE GRANULE CELLS. C.W.
Xie1* and D.V. Lewis2 ' Dept. Psychiatry, UCLA, Los Angeles, CA
90024. 2 Dept. Pediatrics, Duke Univ. Med. Ctr, Durham, NC 27710
We have previously reported that activation of p opioid receptors
inhibited NMDA-mediated synaptic currents in dentate granule cells.
The present study further characterized this effect and examined
possible involvement of the cAMP cascade. Synaptic currents were
evoked by stimulating the dentate outer molecular layer, and recorded
from granule cells using whole-cell voltage-clamp techniques in the
hippocampal slice preparation. NMDA receptor-mediated excitatory
postsynaptic currents (NMDA EPSCs) were isolated in the presence of
the AMPA antagonist DNQX and the GABAa antagonist bicuculline
methiodide. A dose-dependent reduction in the amplitude of NMDA
EPSCs- was observed following bath application of the p agonist PL017
(0.3-10 pM). This reduction seemed not dependent upon the presence
of extracellular Mg2+, and could be effectively prevented by pertussis
toxin included in the recording pipette. In contrast, the adenylate
cyclase activator forskolin (10-100 pM) was found to increase the
amplitude of NMDA EPSCs in a dose-dependent manner. Forskolin
(100 pM) also significantly attenuated PL017-induced reduction of
NMDA currents. These results suggested that the cAMP cascade may
be involved in p opioid-induced inhibition of NMDA currents.

SEROTONIN RECEPTORS:
727.1

727.2

BLOCKADE OF 5-HT1A RECEPTORS EXPRESSION USING LOCAL
INJECTIONS OF ANTI-SENS OLIGONUCLEOTIDES. M.-C. Miquell Y. Sarii

VerpglJCNRS URA 1488, Univ. Paris VI, 75005 Paris. 2INSERM U288, CHU
Pitie-Salp6tri6re, 75013 Paris, France.
5-HT-|a receptors (5-HTt a -R) are involved in a lot of various physiological
functions. 5-HT-j a -R are principally localized postsynaptically in the limbic
structures and in the raphe nuclei as somato-dendritic autoreceptors. With the
aim of further analyzing the role of 5-HTj A-R in each of their precise
localizations, we have locally blocked their expression in the adult rat, using
anti-sens oligonucleotides (ONs ). Different ONs, complementary to the Nterminal portion of the mRNA coding for 5-HT-ja -R, were designed as either
unmodified, phosphorothioate or 3'end-alkylamine-attached ONs.
In order to validate this approach, stereotaxic injections were performed in
the dorsal hippocampus using mixtures of ONs (anti-sens, sens or scrambled)
and lipofectin. The mixtures were delivered either in single or repeated
injections, or in a continuous mode using Alzet osmotic minipumps. The
resulting effect on 5-HT-ja -R density was analyzed by receptor quantitative
autoradiography. Specificity and histological controls were performed.
Experiments using single injections (2.5 pg/2 pL) demonstrated that the
3'end-alkylamine-attached ONs were the most efficient, giving up to 60%
decrease of 5-HT-j a -R density. The unmodified ONs were almost inefficient
and phosphorofhiate ONs exhibited cytotoxicity. Maximum effect was observed
4 days after injection.
Another approach using plasmids containing anti-sens RNAs is currently
under investigation in order to obtain a continuous blockade for a longer period
of time. Both approaches will be used to block the expression of 5-HT-j a
autoreceptors in the raphe nuclei to assess their specific role in anxiety.
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7a Vivo Alkylation

of

Central 5-HTia Receptors .

F. Radia*. E.K, NNnonftie. M.Carli and T.A. Reader CCRN, Department
de physiologie, Facultm dm Medecine, Universite dm Montreal, (Qc) Canada.
Saturation binding of the serotonin agonist [3H]8-OH-DPAT in cerebral
cortex and hippocampus is best fitted to a two-site model, indicating an
heterogeneity of receptors or several binding affinitity states. For cerebral
cortex the affinities are of about 0.7 nM and 36 nM, and for hippocampus of
0.8 nM and 22 nM. Also, binding of 1 nM [3H]8-OH-DPAT is inhibited by
several 5-HT agonists and antagonists and, except for ritanserin, all competition
curves are best described by a two-site model. The in vitro treatment of the
membranes with A-efhylmaleimide (NEM) to alkylate sulfhydryl groups causes
dose-dependent decreases of [3H]8-OH-DPAT binding; all the inhibition curves
are biphasic and the effects irreversible. After in vivo alkylations, carried out
by treating rats with A-ethoxycarbony1-2 -ethoxy- 1,2-dihydro-quinoline (EEDQ;
10 mg/Kg i.p.), the saturation curves from both control and EEDQ-treated rats
are best fitted to a two-site model. However, for EEDQ-treated animals there is
a drastic decrease in 5-HTi a receptors; this loss is greater in the hippocampus
than in the cerebral cortex. In contrast, the low-affinity binding sites remained
unchanged, indicating that this site is not a G protein coupled receptor. Since
the decrease in 5-HTia receptors is not associated with changes in low-affinity
binding, the results suggest independent regulations of the two [3H]8-OH-DPAT
binding sites. Altogether, the present data further supports the concept that
[3H]8-OH-DPAT, besides labelling 5-HTia receptors, also binds to other

sites in rat cerebral cortex and hippocampus.
[Supported by the MRC(C) and the Savoy Foundation]
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NCS-MPP (4-(2'-METHOXY-PHENYL)-1-[2'-(N-2"-PYRIDINYL)-P-ISOTHIOCYANOBENZAMIDOj-ETHYL-PIPERAZINE): A HIGH AFFINITY AND
IRREVERSIBLE LIGAND FOR 5-HTi a RECEPTORS. H. F. Rung*. M.-P.
Kung. M. Mu and Z.-P. Zhuang. Departments of Radiology and Pharmacology,
University of Pennsylvania, Philadelphia, PA 19104.
The successful development of a new pure 5-HT j a receptor antagonist, p-

AGE-RELATED ALTERATIONS IN SEROTONERGIC RECEPTOR FUNCTION IN
FOREBRAIN REGIONS FOLLOWING EEDQ TREATMENT. B.J. Keck* and J.M.
Lakoski. Departments ofPharmacology & Anesthesia, The Pennsylvania State University
College of Medicine, Hershey, PA 17033.

MPPI, provides a fresh impetus in developing affinity labels to further characterize
the physiological roles and to elucidate the molecular structure of 5-HT i a
receptors. An irreversible binding ligand, NCS-MPP (4-(2'-methoxy-phenyl)-l-[2'(n-2"-pyridinyl)-p-isothiocyanobenzamido]-ethyl-piperazine), was prepared, and its
binding characteristics were evaluated in in vitro binding with rat hippocampal
membranes. The inhibition of NCS-MPP for [I-125]p-MPPI binding to 5-HTja
receptors resulted in a Kj = 1.8 + 0.2 nM. NovaScreen of NCS-MPP exhibited
low binding affinities to alpha -1, alpha-2, beta and 5-HT2 receptors (Kj = 350,
420, >1000 and 103 nM, respectively). These data strongly suggest that the ligand
bound to 5-HTj a receptors with high affinity and high selectivity. Irreversible
inhibition of [I-125]p-MPPI binding by NCS-MPP, following a 5 min incubation
at room temperature, was concentration dependent; the inhibition increased to 50%
at the concentration less than 10 nM and became more pronounced (-90%) at 400
nM. Under similar assay conditions, NCS-MPP was significantly less efficient in
irreversibly inhibiting agonist [I-125J8-OH-PIPAT (<10 nM). After pretreatment
of membranes with a low concentration of NCS-MPP (2 nM), there was an
apparent loss of [I-125]p-MPPI binding sites, as expected, but no change in
binding affinity (Kd). However, the significant increase in Kd at a higher
concentration of NCS-MPP (50 nM) indicated that there may be a secondary
alkylation site not directly involved in p-MPPI binding; nevertheless, it would
increase Kd. The irreversible ligand, NCS-MPP, may provide a useful tool for
studies of 5-HT i a receptors in central nervous system, (supported by NS-24538
and MH-48125)

727.5

irreversible
blockade
of 5-ht ia receptors
IN VITRO
BY A SELECTIVE ALKYLATING AGENT. S. Bhamre1 , H.F. Kung2and
A- Frazer1. .Dept. of Pharmacol, UTTHCC, San Antonio, Teras 7
and
*Dept of Radiol & Pharmacol, Toiv oP PA, Philadelphia, PA 19104.
Tsiog an irreversible alkylating agent, EEDQ, it has been inferred that there
is a greater receptor reserve at somatodendritic 5-HTia receptors than at
postsynaptic ones (Mol Pharmacol 41:1066, 1992). However, results with
EEDQ need to be interpreted cautiously as it is nonselective. We have
evaluated the effects in vitro of a novel selective alkylating agent 4-(2'methoxypheoyl)-l-[2'(NI-2"-pyridinyl)-p-isothiocyar)obenzemido]ethylpiperarine (p-MPPSCN). p-MPPSCN has at least 10 fold greater affinity for
5-HTia receptors than for other biogenic amine receptors. The binding of
[3H]8-hydroxy-2-(di-n-propylamioo)tetralin ([3H]8-OH-DPAT) to 5-HTia
receptor sites in rat hippocampal homogenates, using membranes that had
been pre-incubated with either vehicle or p-MPPSCN, was studied. The
membranes were washed 4 times before being added to the assay tubes.
Concentrations of p-MPPSCN below 5o M did not inhibit the binding of
[3H] 8-OH-DPAT, whereas concentrations of * lOoM did. Analysis of
saturation experiments carried out with pH]8-OH-DPAT revealed that
p-MPPSCN (10 nM) caused no change in Kd (0.9310.2, CTRL; 1.1±0.2 nM,
p-MPPSCN), but decreased Bmax (237±20, CTRL; 151±5 fmol/mg protein,
p-MPPSCN; p<0.025). Tpon pre-incubatioo of membranes with WAY100135
(200 oM), a competitive antagonist of 5HTm receptors, followed by washing,
there was no inhibition of binding of pH]8-OH-DPAT. When membranes
were pre-incubated with both p-MPPSCN (lOnM) aod WAY100135 (200nM),
there was less inhibition of binding of pH]8-OH-DPAT (11± 6%) compared
with that io membranes incubated with p-MPPSCN alone (36±9%; p<0.05).
p-MPPSCN appears to irr^-versibly block 5-HTia receptors in vitro. Its
effects in vivo are currently under evaluation. (Supported by research funds
from the VA and TSPHS MH48125).

727.7

QUANTITATIVE AUTORADIOGRAPHIC ANALYSIS OF 5-HTja
receptors
using agonist
and antagonist
radioligands
.
P. A. Scsc QP A . Frazare DeD! of Pha^Ihcology, UTHSGSA, ana Audie a Mwphy
Memorial. Veterans. Hospital, San Aotonio, TX, 78284.
Only recently have radiolabeled antagonists for the 5 -HTja receptor become
available. We have compared the binding characteristics of one such radioligand,
3H-a-(2'metroxy-)yhenyl-l[[2,((n-2''-pyrieinyl-)p-flcuzrobenramieo-]etrylpiperarine
(3H-p-MPPF), with that of two agonist radioligands, 3H-8-ryeroxy-2-(ei-npropylamino^etralin (3H-8-OH-DPAT) and 3H-(+)a-[n-5(methoxychroman-3yl)npropylamino]buiyl-8-azaspiro[4,5]decane-7,9 dione (3H-(+) S-20499), using slidemounted sections of rat brain. The radioactivity in each section was measured by
either liquid scintillation spectrophotometry or by quantitative autoradiography.
Optimal times of incubation were 60 min for ^^-OH-DPAT and 90 mio for 3H-(+)
S-20499 and 3H-p-MPPF. To reduce non-specifc binding with 3h -(+) S-20499, it
was necessary to wash the sections for 60 min at 4 C after incubation, rather than the
10 mio that was sufficient for the other two radioligands. The Kd values for the three
radioligands were about 0.6, 1.0, and 1.6 nM for 3H-8-OH-DPAT, 3H-(+) S-20499
and 3H-p-MPPF respectively. Addition of Gpp(NH)p (10 jiM) to the incubation
medium reduced the binding of the two agonist radioligand (about 70% for 3H-8OH-DPAT and 50% for 3H-(+) S-20499), but did not alter the binding of 3H-pMPPF. At the Kd concentration of 3H-p-MPPF, nonspecific binding was 5% of total
binding, which compared favorably with the 2% nonspecific binding of 3H-8-OHDPAT. By contrast, nonspecific binding of 3h -(+) S-20499 was 15% of total
binding. Autoradiographic analysis of the regional distribution in brain of the
binding of the three radioligands showed a high correlation. The rank order of
binding was entorhinal cortex > dorsal raphe nucleus > dentate gyrus > CA2/3 >
CA1. Only in the dorsal raphe nucleus did the binding of 3H-p-MPPF appear to be
greater than that of the two agonist radioligands. Supported by funds from the VA,
TSPHS Grant MH48125, and IRI Servier.
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EEDQ (lethoxycarbonyl-2-ethoxy-l ,2-dihydroquinoline) is a neurotoxin which binds
irreversibly to serotonin (5-HT) receptors and renders them permanently inactive; it is
useful for investigating spare receptor reserves. Spare receptor capacities of 5-HT receptor
subtypes have not yet been investigated with aging. Female Fischer 344 rats (3 and 22 mo)
treated with EEDQ (6 mg/kg, s.c.) or vehicle (ETOH/propylene glycol/H20,1:1:2, s.c.) 24

hr prior to sacrifice were used to examine changes in 5-HT,a function with age. Scatchard
analyses using the 5-HT,a ligand [3H]8-OH-DPAT were conducted in forebrain regions
which contain high densities of this receptor subtype.
A significant decline in [3H]8-OH-DPAT binding in hippocampal tissue was
demonstrated in EEDQ treated rats of both age groups compared to controls (3 mo,
p=0.001j 22 mo, p=0.002). Both ages were equally sensitive to the toxin-induced
decrease (65%) in
for 5-HTja hippocampal sites. In frontal cortex the 3 mo, but not
the 22 mo, group demonstrated a significant reduction (10%,p=0.02) in 5-HT,a sites. KD
values were increased following EEDQ treatment in the hippocampus and frontal cortex
in both ages. While a fourfold increase in the Kd was observed in the 3 mo group, an
eightfold increase was demonstrated in the 22 mo group.
Overall, significant changes in Bma X and Ko values at the 5-HTja receptor were
observed following EEDQ treatment. Additionally, site-dependent differences were
revealed in age-related responses to EEDQ. Using quantitative autoradiographic
techniques, studies of the aging 5-HT,a receptor will be expanded to include analyses of
brainstem raphe nuclei known to contain spare 5-HT,a receptors.
Pub. No. 29A supported by U.S.P.H.S. Grant POl AG10514 awarded by the NIA.

727.6
MOLECULAR CHARACTERIZATION OF ANTIPEPTIDE ANTIBODIES AGAINST
RAT BRAIN 5HT1A RECEPTOR 1T.E. Anthonv.1N.M, Kheck. 2P.R. Albert. 3P.M. Whitaker-

Azmitia. and 1E.C. Azmitia*and iDept. of Biology, New York University, NY, NY 10003; 2Dept.
of Pharmacology and Therapeutics, McGill University, Montreal, Canada H3G 1Y6; 3Dept. of

Psychiatry, SUNY, Stony Brook, NY 11794.
The cloning and sequencing of the rat 5HTia receptor gene has allowed for the production of
antipeptide antibodies against its receptor protein product. We are currently characterizing the
localization of the 5HTtA receptor protein in the rat and primate brain, using antipeptide
antibodies targeted against two distinct regions of the receptor which share low homology with
other known proteins. The S1A170 is a polyclonal antibody raised in rabbit against amino
sequence 170 - 186, a region spanning from the fourth transmembrane domain to the second
extracellular loop, which is structurally linked to the agonist binding site. The S1A258
recognizes amino acids 258-274,a region within the third cytoplasmic loop that comprises the
putative G protein binding site. Characterization of these antibodies employing SDS-PAGE and
immunobiotting of adult hippocampal membrane preparations has shown the S1A170 antibody
labels a major band at approximately 64 kDa. Immunoblots of LZD-7 fibroblasts transfected
with the cDNA for the rat 5HT1A receptor have also shown this protein band, which was absent
in Ltk- nontransfected cells. In the rat, developmental and brain regional differences have been
noted through the differential intensites of the protein banding pattern obtained from
immunoblots. In addition to molecular studies, immunocytochemical studies using these
antibodies have demonstrated a pattern of 5HT1A receptor distribution in rat, cat and monkey
brain that correlates well with previously reported radioligand binding sites. For example, in the
brainstem raphe nuclei of these three species, 5HT1A receptor-IR is localized to the soma and
dendrites of serotonergic neurons, thus labeling the known population of presynaptic
autoreceptors. Our findings indicate that these site-directed antipeptide antibodies provide
another specific means for the localization and quantification of 5HT1A receptor protein in the
mammalian CNS. (NIA#:PQ1-AG10208)

727.8
DISTRIBUTION OF GABA AND 5-HT 1A IMMUNOPOSITIVE NEURONS IN THE
RAT HIPPOCAMPUS. T. D. Patel* and F. C. Zhou. Medical Neurobiology Program
and Dept. of Anatomy, Indiana Univ. Sch. of Med., Indianapolis, IN 46202.
GABA and serotonin (5-HT) through the 5-HT1A receptor are major inhibitors of
excitatory neurotransmission in the hippocampus. GABA interaeurons send inhibitory
input to the granule cells of the dentate gyrus (DG) and the pyramidal cells of Ammon’s
horn (CA). 5-HT also inhibits axonal firing of these cells through activation of the 5HT1A receptor. Little is known regarding the interactions between these two systems
regulating hippocamapal circuitry. In this study we used double immunocytochemistry
to correlate the distribution of 5-HT 1A receptors with GABA neurons and their terminal
fibers in the rat hippocampus. GABA neurons were identifed using an antibody against
glutamate decarboxylase (GAD), and 5-HT1A using an anti-peptide (a.a. 170-186 of rat 5HT1A) antibody (Azmitia et al., 1992).
Consistent with our previous report (Patel et al., 1995), 5-HTlA-immunopositive (im)
staining was most prominent in the DG granule cell layer and the CA pyramidal cell
layer where it was detected on the initial segment of the axon. In contrast, fine GAD-im
punctate terminals were distributed as dense clusters outlining the soma of granule and
pyramidal cells. GAD-im cell bodies and processes with cytoplasmic staining were
detected in the molecular and polymorphic layers of DG and stratum oriens, radiatum, and
lacunosum moleculare of CA. Relatively sparse 5-HT1 A-im cell staining was detected in
these layers. Most cells were singly labeled for GAD or 5-HTIA. In the polymorphic
layer 5-HT 1 A-im staining was found on large Mossy cells which send excitatory
projections to the granule cells. Also in the DG, few scattered cells did exhibit both
GAD and 5-HTIA immunoreactivity.
These findings suggest that in the hippocampus (1) 5-HTIA and GAD are mostly
differentially expressed with little colocalization, (2) 5-HT and GABA may exert their
inhibitory influence on the excitatory granule and pyramidal cells at spatially distinct
subcellular sites, (3) 5-HT can indirectly influence granule cells through 5-HT 1A
receptors on Mossy cells, and (4) 5-HT may regulate some GABA neurons.
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IMMUNO-ELECTRON MICROSCOPIC VISUALIZATION OF 5-HT-|A
RECEPTORS IN THE RAT BRAIN. D. Verged H.K. Rial M.J. Brisoraueil-l. m.
HamonZ and A. Calas*X1 CNRS URA 1488, Unlv. Paris VI, 75005 Paris. 2
INSERM U288, CHU Pitie-Salpdtriere, 75013 Paris, France.
5-HT-ja receptors (5-HT-j A-R) have been visualized in the rat brain with
specific antibodies in various areas, including raphe nuclei and limbic regions.
We used anti-peptide antibodies to investigate the localization of 5-HT-ja -R at
the subcellular level in several of these areas.
Vibratome sections from rat brains were incubated with rabbit anti-peptide
polyclonal antibodies against 5-HT-j A-R and processed for the ABC staining
method. The peroxydase activity was revealed using DAB as a chromogen.
Sections were then processed for electron microscopy.
The 5-HT-ja -R immunoreactivity (5-HT-jA-R-ir) was found exclusively in the
somato-dendritic compartment of neurons and was never observed within glial
processes. 5-HT-jA-R-ir could never be found in axons or nerve terminals. In
the dorsal hippocampus, the immunolabeling was associated exclusively with
dendrites. In the dorsal raphe nucleus as well as in the septal complex,
5-HTiA-R-ir was found in dendritic processes and in somas. Some
immunoreactivity was observed within the cytoplasm of cell bodies, but not in
cell nuclei. In somas as well as in dendrites, 5-HT-|A-R-ir was unevenly
distributed at the level of the plasmic membrane. It was frequently associated
with synapses, but was also found extra-synaptically. This result indicates that
the action of 5-HT via 5-HT-j a -R could occur through ‘wire' as well as ‘volumic'
transmission. Non-labeled synapses were also observed. In the septal
complex, choline acetyltransferase and 5-HT-j A-R could be found colocalized
in the same neuron, in agreement with previous results indicating that
serotonin can exert through 5-HT-j A-R a functional control of part of the septal
cholinergic neurons which project to the hippocampus.

DIFFERENTIAL EXPRESSION OF SEROTONIN RECEPTORS
5-HTlDo AND 5-HT2A mRNA IN HUMAN BRAIN . VESSELS,
VASCULAR CELLS AND ASTROCYTES IN CULTURE. Z. . Cohen*,
I. BoucheleLW.V. Yoiml Jj G. VfllemmurD. Stanimirovic1, and E.HHnel.
Montreal Neurol Inst. McGill Univ, Montreal, QC and National Research
Council of Canada, Ottawa, ON, Canada.
Intraparenchymal blood vessels in the cerebral cortex are innervated by
serotonin nerve terminals (Cohen et al., 1995, Neurosci., in press) ana
stimulation of their cells of origin affects cerebral blood flow and possibly
blood brain barrier functions. However, the type and cellular localization of
the 5-HT receptor(s) involved in these effects remain unknown. We studied
the expression of 5-HT 1Da and 5-HT2A receptors mRNA in 1) freshly
isolated human brain microvessels (MVs) and capillaries (CAPs) from postmortem cortices, 2) subcloned endothelial (HBEC) and primary cultures of
smooth muscle (HBSM) cells, respectively dissociated from CAPs (<112
m) and MVs (>112 /*m or >550 /an) isolated from temporal cortex
iopsies, and 3) astrocytes cultured from human fetal brain (HFBA). Tissue
RNA was extracted, reverse transcribed, and submitted to polymerase chain
reaction (PCR) using receptor-specific oligonucleotide primers. The effects
of 5-HT on IP3 formation and intracellular Ca in HBEC were also
evaluated. MVs, CAPs, and HBEC were enriched in v-glutamyl
transpeptidase ana alkaline phosphatase; HBEC and HFBA were selectively
immunoreactive to Factor VIII and GFAP, respectively. Gel electrophoresis
of the PCRproducts showed expression of mRNA for the 5-HT 1Da in MVs
(n=3), CAPs (n=4), HBEC (n=3 of 5), HBSM (n=2 of 3) but in only one
of three HFBA preparations. Conversely, PCR using 5-HT2A primers
yielded products of the expected size in MVs (n=4), CAPs (n=4). and
HFBA (n=2 of 3) but not in any HBEC or HBSM cell preparations. 5-HT
(1-100 /i M) failed to alter IP3 production or intracellular Ca levels in
HBEC. Altogether, the data suggest expression of 5-HTlDa mRNA in brain
vascular elements whereas 5-HT2A receptors appear predominantly
expressed in astrocytes, including those associated with isolated MVs and
CAPs. Further investigation should clarify the role of these 5-HT receptors
in microvascularphysiology. Supported by MRC and NRC of Canada and
a McGill Major Studentship (Z.C.).
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EXPRESSION OF SUMATRIPTAN-SENSITIVE SEROTONIN RECEPTORS
mRNA IN HUMAN NEURONAL AND VASCULAR TISSUES. I. Bouchelet*. Z.
Cohen. B. Case1. P. S6ou6la and E. Hamel. Montreal Neurological Institute and
1Royal Victoria Hospital, Montreal, Quebec, Canada H3A 2B4.
Sumatriptan is highly effective in the treatment of acute migraine attack. This
effect has been related to serotonin 5-HT1Da receptors on dural
trigeminovascular afferents (Rebeck et al.f PNAS.,1994, 91: 3666.) and/or
5-HT1DB receptors in cerebral blood vessels (Hamel etal, Mol. Pharm., 1993,
44: 242.). A better knowledge of sumatriptan-sensitive 5-HT receptors in
neuronal vs vascular tissues appears important for the understanding of
migraine treatment. We studied the expression of mRNA coding for 5-HT1Da,
5-HT1D3 and 5-HT1F receptors in post-mortem human trigeminal ganglia (TG)
and pial vessels (PV) using RT-PCR and receptor-specific oligonucleotide
primers. In TG preparations, PCR products of the expected sizes for 5-HT1Da
and 5-HT 1DR receptor subtypes were both identified. In preparations from PV
and from one coronary artery, PCR products corresponding to the 5-HT1DS
subtype were present while only an occasional and faint signal was detected for
the 5-HT1Da subtype. Preliminary experiments on TG and PV preparations
suggested the presence of 5-HT1F mRNA in both tissues. Altogether, these
results show that multiple sumatriptan-sensitive 5-HT receptors mRNA are coexpressed in neuronal and vascular tissues. Further, they may provide a basis
for the sumatriptan-associated peripheral side-effects. Complementary studies
by in situ hybridization are required to define the respective localizations and
density of neuronal populations expressing these 5-HT receptors in putative
target tissues for migraine therapy. Supported by the Quebec Heart and Stroke
Foundation.
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SPINAL CORD FOLLOWING 5,7-DHT TREATMENT. R. K. Raqhupathi*.
A. Singh. I. Lucki. M. -P. Kung. H. Kung and P. McGoniOe. Departments of
Pharmacology, Psychiatry and Radiology, University of Pennsylvania,
Philadelphia, PA 19104-6084.
Changes in rat brain and spinal cord 5-HT -|A receptors following 5,7-DHT
treatment were examined using an agonist ligand [ 125l]8-OH-PIPAT
(PIPAT) as well as a newly developed antagonist ligand [125 lj-p-MPPI
(MPPI). Adjacent coronal sections of control and 5,7-DHT treated rat
brains (n=14/group) and spinal cords (n=7/group) were labeled with each
ligand and binding was measured with the use of quantitative
autoradiography. (1) Levels of MPPI binding were higher in hippocampal
subfields compared to PIPAT binding, whereas, in cortical layers PIPAT
binding levels were higher. (2) Agonist (PIPAT) binding in hippocampal or
cortical regions of 5,7-DHT treated animals was similar to controls, as has
been previously observed. (3) Antagonist (MPPI) binding in hippocampal
or cortical regions of 5,7-DHT treated animals was also unaltered
compared to controls, except in the CA1 subfield of the hippocampus. (4)
In the cervical but not the lumbar portion of the spinal cord, 5,7-DHTtreated rats showed increased levels of MPPI binding in the most
superficial layer of the dorsal horn. In conclusion, the lack of changes in 5HT-ja agonist binding in rat brain following 5,7-DHT treatment has been
extended to antagonist binding, except in the CAl region of the
hippocampus. Regional differences in the ratio of agonist, to antagonist
binding suggest regional differences in the coupling of 5-HT-j A receptors to
G-proteins. (Supported by MH-48125, MH-43821)
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METHYLENEDIOXYMETHAMPHETAMINE INCREASES
5-HT1a RECEPTOR DENSITY AND mRNA EXPRESSION
IN THE RAT FRONTAL CORTEX. J. Del RioX D. Frechilla.
A. Garcfa-Osta. B. Lasheras and N. Aguirre. Dept. of
Pharmacology, University of Navarra, Pamplona, Spain.
Administration of 3,4-methylenedioxymetnamphetamine
(MDMA,"ecstasy") damages serotonergic (5-HT) axon terminals
arising from the dorsal raphe. In the present study, MDMA.HC1
(30 mg/kg) was given b.i.d. for 4 consecutive days to rats and the
animals were sacrificed 3 h or 7 days later. As expected, 5-HT
content and [3H]paroxetine binding sites were markedly decreased
in the frontal cortex but not in the dorsal raphe nucleus. At both
survival times there was a significant increase in the density of
pH]8-OH-DPAT-labelled 5-HT-^ receptors in the frontal cortex
and a concomitant decrease in receptor density in the dorsal
raphe. Quantitative RT-PCR was used to measure 5-HTja
receptor mRNA in the . two brain regions. Primers were designed
to amplify a 133 bp fragment of 5-HTja receptor cDNA and a 300
bp fragment of B-actin used as the internal standard. After
Southern-blot and hybridization with specific probes, an increase
in 5-HTja receptor mRNA expression was found in the frontal
cortex ofMDMA-treated rats after a 7 day survival time. It seems
consequently that increased cortical receptor synthesis is promoted
after lesion of 5-HT terminals. In keeping with these data, the
hypothermia response to 8-OH-DPAT (1 mg/kg) was significantly
potentiated 7 days after MDMA treatment. The results raise the
possibility of an involvement of 5-HTja receptors in the behavioral
effects of MDMA, (Supported in partoy SAF94-1381)

THE EFFECTS OF REDUCED pH DURING SERIAL DILUTIONS IN
RADIOLIGAND COMPETITION BINDING STUDIES. W.N. Morgan. M.J. Owens.
J.T. Dalev. D.L. Knight. Z.N. Stowe*, and C.B. Nemeroff. Dept. Psychiatry & Behav.
Sci., Emory Univ. Sch. of Med., Atlanta, GA 30322.
In the performance of radioligand competition binding studies, most investigators
dissolve drugs initially in ethanol, if necessary, and subsequent serial dilutions in
assay buffer. Using this method, we observed competition curves that had Hill
coefficients (nJ that were much greater than unity (nH>1.5). This also altered the
apparent inhibition binding affinities (KJ. In our study, the initial use of 50% ethanol
followed by serial dilutions with 5 mmol/L HCI was compared to ethanol followed
by serial dilutions with assay buffer as a solvent. The former gave nH equal to unity
(nH= 1.0) as previously predicted.
Competition binding studies were performed in triplicate on at least three
separate occassions using several antidepressant drugs at the serotonin (5-HT)
transporter and the 5-HT,A and 5-HT.* receptors. pH]-citalopram, pHj-8-OH-DPAT,
and [3Hj-ketanserin were used to label these receptor sites respectively. The
antidepressants were dissolved in 50% ethanol and subsequently in either 5
mmol/L HCI or assay buffer. The 5-HT transporter K values (nM) in HCI and assay
buffer, respectively, are: nefazodone (239; 1586), desipramine (141; 199),
amitriptyline (17; 55), trazodone (258; 388), sertraline (0.32; 3), fluoxetine (2; 8),
paroxetine (0.058; 0.459), venlafaxine (21; 30), and chloroimipramine (0.52; 7). At
the 5-HTu receptor, K, values (nM) for HCI and assay buffer, respectively, are:
nefazodone (59; 2200), desipramine ( 2568; 3186), amitriptyline (146; 318),
trazodone (47; 185), and sertraline (4114; 7740). At the 5-HT,* receptor, Rvalues
(nM) in HCI and assay buffer, respectively, are: nefazodone (7; 2716), desipramine
(161; 177), amitriptyline (5; 30), trazodone (20; 137), fluoxetine (142; 332), and
paroxetine (6371; >10,000). These findings unequivocally demonstrate the need
for certain drugs to be serially prepared in dilute acid to obtain curves fulfilling
theoretical criteria for competitive one-site receptor-ligand interactions (i.e., nH~ 1.0).
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[3H]ALNIDITAN, A NEW HIGH AFFINITY AGONIST LIGAND FOR HUMAN
5HTi D„- AND HUMAN 5HT1DfJ-RECEPTORS. J.E. Levsen**. W. Gommeren*.
W.H.M.L. Luvten*. P. Vanhoenacker0. G. Haeeeman0. A.S. Lesage*. -Department of
Biochemical Pharmacology, Janssen Research Foundation, B-2340 Bcerse, Belgium,
°Laboratory of Molecular Biology, University of Gent, B-9000 Gent, Belgium.
Alniditan, (-)-(R)-A,-[(3,4-dih/dro-2/--l-bgnzopyran-2-yl)met.hyl]-V'--l,4,5,6-tetrahydro-2-pyrimidinyl)-l,3-propanediamine dihydrochloride, is a new antimigraine agent.
The compound shows high binding affinity for 5HT,d - and 5HT1A-receptors and weak
to no binding to various other neurotransmitter or neuropeptide receptor subtypes. It is
a potent constrictor of cranial blood vessels. [3H]Alniditan proved to be a suitable high
affinity ligand for cloned human (hu) 5HT,dd - receptors expressed in C6 glioma cells,
for 5HTiDp-receptors expressed in L929 cells and for 5HT1D-receptors in calf substantia
nigra tissue. The binding properties of the 5HT,D-receptor subtypes in the three tissues
were investigated using pH]alniditan in comparison with pH]5HT. pHJAlniditan
revealed KD-values (nM) of 1.25, 2.26, 1.05 and Bm„-values (fmoles/mg protein) of
900,1770,750 for the receptors in the three tissues above, respectively. Investigations
of binding affinities for various 5HT agonists and antagonists revealed that receptors
labelled by pH]alniditan and pH]5HT were similar in the tissues, respectively.
Distinctions in the binding properties of the hu 5HT1Do ,-, hu 5HTiDp- and 5HTjd receptors in calf brain tissue were noted. The binding properties of the latter were more
similar to those of the hu 5HTi Dp-receptors, although not completely identical.
Alniditan was a potent inhibitor of forskolin stimulated cAMP formation in the
recombinant cells expressing the hu 5HT]D<x - and hu 5HTi Dp-receptor, revealing full
agonist properties with subnanomolar ICso-values. pH]Alniditan is an advantageous
ligand for both 5HTid o - and 5HTiDp-receptors, its potent agonist activities at these
receptors probably underlie its antimigraine properties.

727.17

PHARMACOLOGICAL ACTIVITY OF SOLUBILIZED HUMAN
5HT1A RECEPTOR. J.T. Weber, K..Hayataka, and K.
K. Parker*. Dept. of Pharm. Sci., School of
Pharmacy, Univ. of Montana, Missoula, MT 59812.
The serotonin 5HTla receptor is thought to
play a role in a variety of biomedically significant disorders such as anxiety, panic disorder,
and migraine. The receptor is a member of the
superfamily of G protein coupled receptors,
.
characteristically having seven transmembrane
domains. The studies to be reported involve
detergent solubilization of the membrane-bound
receptor, analysis of agonist binding to the
solubilized receptor, and probing of the
receptor-G protein interface with specifically
designed peptides. Solubilization of the cloned
human receptor transfected into CHO cells (gift
of Dr. John Raymond, Duke U.) with soldium cholate, as reported in the literature, produces
receptor which binds agonist; this solubilized
receptor shows nearly identical displacement of
bound agonist by the partial agonist buspirone
compared to non-solubilized CHO membrane receptor. CHAPS is even more effective in solubilizing activity. Agonist binding of solubilized
receptor assayed with glass fiber filters has
been compared to assays with G50 columns.

727.18

INTERACTIONS OF (S>-LJH-301 DERIVATIVES WITH RECOMBINANT
5-HTi A RECEPTORS. X. Gao. S. Lu. J.R. Raymond. M.N. Gamtovskava.
and J.W. Kebabian*. Research Biochemicals International, Natick, MA,
01760-2447, & Duke Universiiy/VA Medical Centers, Durham, NC 27710.
(2MUI-301 has been proposed as a specific 5-HTja receptor antagonist. To
test this, HeLa cell monolayers transfected with 5-HTia receptor («2 pmol/mg
of protein) were screened for alteration in the rates of H+ efflux using a
Cytosensor™ microphysiometer. Acidification rate was increased »45% by 5HT, «35% by ±8-OH-DPAT, 40% by (+)8-OH-DPAT, 32% by (-)8-OH-DPAT,
35% by (7>)UH-301, and not at all by (SJ-UH-301 (n = 3 or more for each).
Those studies support a lack of agonist properties for ($»-UH-30L To further test
that issue, 3H-(S)-UH-301 was synthesized and saturation analyses performed.
Specific binding to 5-HTj a receptors was >85%, was saturable, and of high
affinity (17 ± 6 nM, n = 5). The binding was partially sensitive to 100 pM GTP,
suggesting the possibility of at least some agonist properties. Several derivatives
of (S)-UH-301 were synthesized, including two biotinylated, two affinity, and
two chemical intermediate compounds. Those were tested in competition assays
against 3H-8-OH-DPAT using MDCK cell membranes bearing transfected 5HTi a receptors («1 pmol/mg of protein). The results are presented below.

(SJ-Uh -301

(K?)UH-301
(5>-UH-301 -biotinylated #1
(S/-UH-301 -biotinylated #2
($--UH-301-photoaffinity probe
(S-Ij H-3 01-affinity probe
(S>-UH-301 -intermediate compound #1
(S)-UH-301-intermediate compound #2
p-MPPI
WAY-100635

KoCnMiSE
20 ±3
64 + 24
96 ±20
103 ± 17
833 ± 524
947 ±441
63 ±27
60 ±23
0.9 ± 0.3
1.2 ± 1

00
4
4
4
3
5
4
7
4
3
3

WAY 100635 REVERSES THE DECREASE OF 5-HT LEVELS PRODUCED BY
THE PUTATIVE 5-HT1A ANTAGONIST, WAY 100135. M.-B. Assie and W.
Koek*. Neurobiology II, C.R.P.F., 17 av. Jean Moulin, 81100 Castres, France.
Using microdialysis, it was shown previously that the 5-HT1A antagonist WAY
100135, which reversed the 8-OH-DPAT-induced decrease of 5-HT levels in rat
ventral hippocampus, induced, by itself, a moderate but significant decrease of 5-HT
levels. The present work was aimed at characterizing this decrease using the
recently described, more potent 5-HT1A antagonist WAY 100635. Chloral hydrateanaesthetized, male Sprague Dawley rats, were implanted with a 2 mm probe in the
ventral hippocampus (mm: r -4.8,1 +4.6, v -7.5 according to Paxinos and Watson,
1986). The probe was perfused with artificial CSF at 1.1 pl/min. After a 2 hour
stabilisation period, 20 min samples were collected and analyzed for 5-HT content
by HPLC-EC. After four control samples (used to define basal level, mean = 100
%), WAY 100635 0.16 mg/kg s.c. was injected 40 min before WAY 100135 10
mg/kg s.c. or 8-OH-DPAT 0.31 mg/kg i.p., and sampling was continued for a
further 140 min period. WAY 100635 produced no major changes in 5-HT levels.
In some rats, however, WAY 100635• alone produced a weak and transient decrease
of 5-HT levels, at 0-40 min after injection to a maximum of about 72% of the basal
level. 8-OH-DPAT decreased 5-HT levels to a maximum of 36% of the basal level,
and this decrease was completely abolished by pretreatment with WAY 100635.
WAY 100635 also prevented the decrease induced by WAY 100135 (maximum
effect: 56% of the basal level). These results are further evidence that WAY 100135
may act as a partial agonist at presynaptic 5-HT1A receptors modulating the release
of 5-HT. In addition, the results suggest the possibility that the novel 5-HT1A
antagonist, WAY 100635 may not be entirely devoid of intrinsic efficacy at 5-HT1A
receptors.

These compounds may prove to be useful tools to study the 5-HT^ receptor.

727.19

727.20

DIRECT ACTIVATION BY DOPAMINE OF RECOMBINANT
HUMAN 5-HT^ RECEPTORS EXPRESSED IN XENOPUS OOCYTES.
Murat- Oz*Xue-Tao Li. David A. Nielsen. Forrest F, Weight and Li Zhang
Lab. Molecular & Cellular Neurobiology and Lab. Neurogenetics, NIAAA,
NIH, Bethesda, MD, 20892-8205.
Although an interaction between dopamine and several 5-HT receptor
subtypes has been suggested, whether or not dopamine can directly activate 5HT,a receptors has not been reported. In present study, cRNA of human 5HTia and the G-protein activated K+ channel, GIRK, were coexpressed in
Xenopus oocytes and investigated electrophysiologically. Although 5-HT, the
5-h T,a receptor agonist 8-OH-DPAT, and dopamine failed to induce any
detectable currents in uninjected oocytes (n=5), in oocytes expressing both 5HT,a receptors and GIRK, 0.1 pM 5-HT, 1 pM 8-OH-DPAT, and 500 pM
dopamine activated inward currents (n=17) that were reversibly inhibited by 0.1
pM pindobind-5-HT,A a 5-HT,x antagonist (n=5). On the other hand, a 1 pM
concentration ofdopamine antagonist, SCH-23390 (D,) or spiperone (Dj), did
not affect the amplitude of currents activated by 5-HT or dopamine (n=4). In
addition, both 5-HT- and dopamine-induced currents had similar currentvoltage relationships in the same oocytes (n=4). In oocytes coinjected with popioid receptor and GIRK, even though p-opioid agonists did not activate a
current, dopamine and 5-HT did not induce detectable current suggesting that
dopamine does not directly activate G-proteins or GIRK (n=5). The results
suggest that dopamine can directly activate human 5-HT,a receptors expressed
in Xenopus oocytes.

EFFICACY OF ANTIPSYCHOTIC DRUGS AT CLONED HUMAN
SEROTONIN (5-HT)1a AND DOPAMINE D4 RECEPTORS, DETERMINED
BY STIMULATION OF p5S]GTPyS BINDING. A. Newman-Tancredi*. V.
Audinot, M, Spedding. C. Chaput L. Verriele and M .J. Millan. Institut de
Recherches Servier, 125 Chemin de Ronde, 78290 Croissy, Paris, France.
Dopamine D4 and 5-HT1A receptors are concentrated in limbic structures
associated with control of mood and emotion. We compared the ability of novel
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atypical antipsychotics and the neuroleptic haloperidol to stimulate p5S]GTPyS
binding in membranes of Chinese Hamster Ovary cells stably expressing either
human 5-HTj a (h5-HT1A) or D4 (hD4) receptors. Efficacy was defined as a
percentage of the activation produced by 5-HT (10 pM) or dopamine (10 pM),
respectively (= 100%). Affinity (Kj) values were determined in competition
binding experiments with pH](±)8-OH-DPAT (h5-HT1A) or pH]spiperone
(hD4). Drugs were tested at concentrations of Ct: 1 nM to 10 pM.

Antipsychotic
Haloperidol
Clozapine
S 16924
S 17828

h5-HT, a
Ki (nM)
Efficacy (%)
2148
0
59
160
1.9
66
0
169

Ki (nM)
1.9
35.5
6.2
2.0

hD4
Efficacy (%)
0
0
0
0

Whereas haloperidol and S 17828 acted as (low affinity) antagonists at h5-HT1A
receptors, clozapine and S 16924 had partial agonist activity at this site. S 16924
had the highest affinity. All compounds showed significant affinity, but low
intrinsic activity, at hD4 receptors. These interactions of antipsychotic drugs at
h5-HTiA and hD4 receptors may be of importance for their therapeutic
properties.

WEDNESDAY PM
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[3H]S 15535, A NOVEL, SELECTIVE RADIOLIGAND AT SEROTONIN
(5-HT)1A RECEPTORS: CHARACTERISATION OF BINDING TO CLONED
HUMAN AND RAT HIPPOCAMPAL 5-HT1A RECEPTORS. J-L. Peglion*. A,
Newman-Tancredi. L. Verriele and M.J. Millan. Institut de Recherches Servier,
125 Chemin de Ronde, 78290 Croissy, Paris, France.
The novel benzodioxopiperazine, S 15535 (4-(benzodioxan-5-y!)l-(indan-2yl)piperazine) is a highly selective ligand for serotonin 5-HT]a receptors (Millan
et al, J.P.E.T., 268, 337-352, 1994). The compound was tritiated (8 Ci/mmol) and
its binding profile characterised in CHO cells stably expressing the human
5-HT1a (h5-HT1A) receptor. At 22 °C, (3H]S 15535 associated to h5-HTiA
receptors with a half-time of 3.4 minutes. In saturation binding experiments,
[3H]S 15535 displayed a Kd (1.3 nM) and a Bmax (1.4 pmol/mg) similar to that
observed in this cell line with the prototypic 5-HT]A agonist, pH](±)-8-OHDPAT (1.0 nM and 1.1 pmol/mg). The Kd for S 15535 agreed well with the Kj
value derived from competition of unlabelled S 15535 with pH]8-OH-DPAT (0.8
nM). In competition binding experiments with pH]S 15535, serotonergic ligands,
including (±)-8-OH-DPAT, 5-HT, (+)-WAY 100,135 and spiperone, displayed
KjS consistent with those observed with pH](±)-8-OH-DPAT, with values of 12,
1.7, 14 and 460 nM respectively. GppNHp (100 pM) only slightly reduced the
binding of S 15535 (- 18 %) as compared to that of pH]8 -OH-DPAT (- 70 %) to
h5-HT1A receptors. Further, ATP (100 pM) also inhibited (- 10 %) pH]S 15535
binding. pH]S 15535 showed high affinity, saturable binding to rat hippocampal
membranes (Kd = 2.4 nM; Bmax = 820 fmol/mg) although its association rate
was slower (half-time = 7.3 min). As for h5-HT1A receptors, the binding of pH]S
15535 to hippocampal membranes was slightly reduced (-10 %) by GppNHp (100
pM). These results suggest that pH]S 15535 exerts antagonist (or weak partial
agonist) properties at both human and rat 5-HT1a receptors for which it
represents a novel, useful radioligand.

EFFECTS OF 5-HT,A AND 5-HT1B AGONISTS ON VENTRAL PALLIDAL
NEURONAL ACTIVITY. B.A. Heidenreich! F. Rehman & T.C. Napier.
Dept. Pharmacol.. Stritch Sch. Med., Loyola Univ. Chicago, Maywood,
IL 60153.
The ventral pallidum (VP) of the basal forebrain contains high levels
of serotonin (5-HT). In addition, 5-HT,a receptors exist on the somata
of VP neurons and 5-HT,B receptors are found on the pallidal terminals
of striatal projection neurons. The present study compared the effects
of the 5-HT,a agonist (±)8-OH-DPAT (1-256 pg/kg i.v.) and the 5-HT1B
agonist CP-94253 (0.01-6.4 mg/kg i.v.) with the non-selective 5-HT
agonist TFMPP (0.01-2.9 mg/kg i.v.) on single-neuron activity in the VP
of chloral hydrate-anesthetized rats. TFMPP dose-dependently reduced
the firing rate of 100% of VP neurons tested (n = 7). In contrast, 8-OHDPAT produced dose-dependent increases (n = 7) and decreases (n = 4)
in VP activity. CP-94253 had no effect on 5 VP neurons and produced
only transient and/or variable changes in the activity of 7 additional
neurons. Within the latter group, 3 neurons decreased firing rate but
these responses were not antagonized by the 5-HT1a ,b antagonist
(-)pindolol (0.1-0.2 mg/kg). These results suggest that the alterations
in VP neuronal activity produced by TFMPP were not mediated by
5-HT1B receptors. While 5-HT1a receptor activation decreased the firing
rate of some VP neurons, other 5-HT receptor subtypes are also likely
to contribute to the effects of the TFMPP on VP activity.
Supported by USPHS grant MH45180 to TCN. CP-94253 was
generously provided by Pfizer Central Research, Groton, CT, U.S.A.
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HIPPOCAMPUS. I. NAGAOK/C. a . TAKU2. m . sasa 2, s . yamawaki
!
Departments of1 Psychiatry and Neurosciences and 2Pharmacology Hiroshima
University School of Medicine, Minami-ku, Hiroshima, 734, Japan.
The nucleus accumbens (Acc) neurons receives innervation from various areas
of the brain such as parafascicular nucleus (Pf), hippocampus, amygdala and
ventral tegmental area. Serotonin (5-HT) nerve terminals and 5-HT receptor
subtypes (5-HTIA, 5-HT1B, 5-HT1C, 5-HT2 and 5-HT3 receptors) are found
in Acc. However, the role of 5-HT receptors in Acc neurons functionally remains
unknown. Therefore, microiontophoretic studies were performed to elucidate
the role of 5-HTIA receptors of Acc neurons receiving inputs from Pf and
hippocampus (HPC). Single neuronal activities were recorded with a glass
microelectrode attached along a seven-barreled micropipet in chloral hydrateanesthetized rats. Each of the barrels was filled with dopamine (DA), 5-HT, 8 OH-DPAT(5-HTlA agonist), NAN-190 (5-HTIA antagonist), noradrenaline,
glutamate and 3M NaCl, accordingly. Drugs were applied to the immediate
vicinity of the target neuron recorded using by microiontophoresis method.
Spikes elicited by the Pf stimulation were inhibited by iontophoretically applied
DA or 5-HT and 8-OH-DPAT in a dose-dependent manner. Glutamate-induced
firing was also inhibited by simaltaneous application of DA, 5-HT or 8-OHDPAT. 8-OH-DPAT induced inhibition of glutamate-induced firing was
antagonized drug application of NAN-190. However, spikes elicited by HPC
stimulation were not affected by iontophoretically applied DA or 5-HT. These
results suggest that the DA-sensitive Acc neurons receiving inputs from Pf are
thalamus

via

inhibited by 5-HT via 5-HTIA receptors but those from hippocampus are not
affected.

727.25
AGONIST-INDUCED [“SjGTPyS BINDING AT HUMAN 5-HT1A
RECEPTORS STABLY EXPRESSED IN HeLa CELLS
M.S. Beer. A. Heald. A.T. Stagq. K.L. Hadinqham* and J.A. Stanton.
Merck Sharp & Dohme Research Laboratories, Neuroscience Research
Centre, Terlings Park, Eastwick Road, Harlow, Essex, CM20 2QR, U.K.
In this study the pharmacological characterisation of agonist-induced
PJGTPt S binding to the human 5-HT^ receptors stably expressed in
HeLa cells (HA7) was investigated. This response was also used to
investigate the presence of receptor reserve in this cell line.
HeLa cells expressing human 5-HTu receptors (5mg wet weight/tube)
were labelled with 100pM [JJGTPyS in the presence of 30pM GDP
(Lazareno and Birdsali, 1993). Pretreatment of these cells with 3pM, 6pM
and 10pM benextramine, resulted in reduced 5-HT maximal response and
potency. Furchgott analysis (1966) yielded a pK 6.98±0.03 compared
with a pK^ of 8.4±0.3, obtained from pH]5-HT radoi'igand binding
saturation studies, indicating the presence of receptors in mixed affinity
states. Plots of receptor occupancy verses maximal response indicate the
presence of some receptor reserve. In unpretreated cells 5-HT, 5-CT,
8-OH DPAT, RU24969, and buspirone displayed full and NAN 190 partial
agonism. WAY 100135 had no intrinsic activity whereas methiothepin
dose dependentts reduced basal levels.
This method offers an efficient means of assessing the potency and
efficacy of compounds at the human cloned &-HT1 receptor.

Furchgott, R.F. (1966) Advances in drug research, 3,21-55.
Lazareno, S. and Birdsali, N.J.M. (1993) Br.J.Pharmacol., 109,1120-1127.
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EFFECTS OF 8-OH-DPAT ON RELEASE OF CORTICOTROPIN RELEASING
FACTOR IN AMYGDALA. E.A. Johnson*. V. Garlapatl and D.L Biride. Dept.s
of Behavioral Medicine and Psychiatry, Neurology, Pharmacology and
Toxicology, West Virginia University. School of Medicine, Morgantown, WV
26506.
Corticotropin Releasing Factor (CRF) is a 41 amino acid peptide
neurotransmitter with putative roles In stress and anxiety. Release of CRF from
the hypothalamus results In increased release of ACTH from the anterior
pituitary, ultimately leading to glucocorticoid release in the stress response.
Increasing evidence Indicates that release of CRF from sites in the central
nervous system, other than the hypothalamus, may play a role in anxiety. The
amygdala is a brain region rich in CRF neuronal terminals. Furthermore, the
amygdala functions as a modulator of anxiety. The amygdala is innervated by
serotonergic neurons originating in the dorsal and medial raphe nuclei.
Amygdala contains a moderate level of 5-HTu receptors. Since 8-OH-DPAT,
a selective agonist of 5-HTu receptors, has been demonstrated to stimulate
CRF release in hypothalamus, we investigated its effect on CRF release from
amygdala. Amygdala minces were incubated in vitro with 8-OH-DPAT (0.01100 nM) under basal and depolarizing conditions. 8-OH-DPAT caused no
change in basal CRF release but dose dependentfy increased potassiuminduced release of CRF from amygdala minces (p < 0.05). The maximal effect
was observed using 1 nM 8-OH-DPAT which Is consistent with the affinity
reported for 8-OH-DPAT binding to 5-HT,a receptors (0.7-2.0 nM). These
results are consistent with previous reports of the stimulatory action of 8-OHDPAT on hypothaamic release of CRF.
This work was supported by the Bittinger Research Endowment at WVU
School of Medicine (EAJ) and by NSF IBN 9222263 (DLB).
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728.2

THE 5-HT5 RECEPTORS: CHARACTERIZATION OF THE HUMAN
5-HT5A RECEPTOR; ABSENCE OF THE HUMAN 5HT5B RECEPTOR;
KNOCKOUT OF THE MOUSE 5HT5A RECEPTOR. R. Grailhe. S. Ramboz.

THE 5-HT5A SEROTONIN RECEPTOR IS EXPRESSED
predominantly
ON ASTROCYTES WITHIN THE
DEVELOPING and adult
RAT CNS. M. I. Carson*. P. E.
Danielson. E. A. Thomas, and f. G. Sutcliffe. The Scripps Research
Institute, La Jolla, CA 92037
Serotonin (5-hydroxytryptamine, 5-HT) elicits a wide array of
sensory, motor, and behavioral processes in the mammalian central
nervous system (CNS). Identification and characterization of the
individual receptors which mediate these responses is crucial to
understanding the mechanisms of serotonin’s actions within the CNS.
Using antisera to two synthetic peptides corresponding to nonoverlapping regions of the rat 5-HT5a receptor, we detected
primarily astrocytes in immunocytochemical analysis. Throughout
all time points examined (PI through adulthood), 5-HT5a
immunoreactivity colocalized with the astrocyte specific marker
glial fibrillary acidic protein. 5-HT5A immunoreactivity was
present on both the cell body and the stellate processes of the
astrocyte. RT-PCR analysis confirmed the expression of 5-HT5a in
neuron-depleted astrocyte cultures. By northern blot analysis, 5HT5 a expression was detected as early as E18 in rat CNS and peaked

U. Boschert+ and R. Hen . Center for Neurobiology and Behavior, Columbia
University, New York, NY 10032, USA. +Glaxo Institute for Molecular Biology,
Geneva, Switzerland.
We have isolated from a human genomic library, the homologues of the mouse
5-HT5A and 5-HT5B genes. The human 5-HT5A gene encodes a protein with
similar characteristics as the mouse 5-HT5A receptor. When expressed in Cos-7 cells,
the human 5-HT5A receptor displayed a high affinity for the radiolabelled ligands
[3H]5-CT (Kd=2,8nM) and [125I]LSD (Kd=187pM). These sites were insensitive to
GppNHp and displayed a similar pharmacological profile as the mouse 5HT5
receptors. We are currently analyzing the coupling of the human 5-HT5A receptor in
NIH3T3, 293 and GH3 cells. Reverse PCR experiments revealed expression of the
human 5-HT5A mRNA in cortex, hyppocampus, amygdala, thalamus, raphe nuclei
and spinal cord.
The human 5-HT5B gene is composed of two exons and is transcribed at very
low level. However, unlike the 5-HT5A gene, the 5-HT5B gene does not appear to
encode a functional protein, since the putative coding sequence is interrupted by
several stop codons. In addition, Southern and PCR experiments performed on
samples from different individuals, have revealed that this non-functional gene is the
only human homologue of the rodent 5HT5B gene. These results indicate that
humans do not express a functional 5-HT5B receptor and suggest that this protein has
been lost after the divergence between rodents and primates.
In order to study the function of the 5-HT5A receptor, we have generated by
homologous recombination, mutant mice lacking the gene encoding this receptor.
These homozygous mutant mice develop, move, feed and breed apparently normally.
We are currently investigating their behavior in various experimental paradigms as
well as their response to drugs that have a high affinity for the 5-HT5A receptor,
such as LSD.

by P20 declining only slightly in adulthood. Together, these results
indicate a mechanism for glial-neuronal serotonergic interactions
which develops in vivo in concert with astrocyte development. To
understand the consequences of these interactions, we are comparing
the signal transduction events mediated by 5-HT5A in glial cell
lines naturally expressing 5-HT5A with non-glial cell lines
transfected with 5-HT5A-

728.3

728.4

5-HT, RECEPTORS IN RAT BRAIN: mRNA AND RECEPTOR DISTRIBUTIONS
SUGGEST BOTH SOMATODENDRITIC
AND
PRESYNAPTIC
LOCALIZATIONS. M.T.Vilard1 G.Mengod1. R.Cortes1. C.Gerald2.
T.A.Branchek2. and J.M.Palacios3* l:Dpt.Neurochem. CID/CSIC, Barcelona
08034, Spain; 2:Synaptic Pharmaceutical Corporation, Paramus, NJ 07652.
Oligonucleotide probes and in situ hybridization were used to study the
distribution of mRNA encoding the long (5-HT4L) and short (5-HT^) splice variants
of the serotonin 5-HT4 receptor. With a probe common to both variants, the
strongest hybridization signals were detected in olfactory tubercle (OTu), islands of
Calleja (ICj) and medial habenula (MHb). Strong signals were observed in nucleus
accumbens (Acc) and caudate-putamen (CPu), this latter showing a rostro-caudal
increasing gradient of signal. Intermediate and low signals were seen, respectively,
in the granule cell layer of the dentate gyrus and in the pyramidal cell layer of
Ammon's horn. With a probe specific for 5-HT4L, essentially the same pattern was
observed. Finally, a probe specific for 5-HT4s presented a more restricted pattern
of distribution, with low levels of signal in OTu, ICj, MHb, Acc and caudal parts
of CPu and very low levels in dentate gyrus.
5-HT4 receptor binding sites were visualized with the 5-HT, antagonist [l25I]SB
207710. The highest densities of receptors were observed in OTu, Acc, CPu, globus

5-HYDROXYTRYPTAMINE 4 RECEPTORS (5-HT4R) ARE LOCATED
PRESYNAPTICALLY IN THE STRIATONIGRAL PATHWAY AND
CODISTRIBUTED WITH 5-HT1D RECEPTORS. G.Menqod1'. R. Cortdsl C.
Salcedo2, and J.M. Palacios2. 1Dept. Neurochem., CID/CSIC, 08034
Barcelona, Spain.
The localization of 5-HT4 receptors in the basal ganglia of guinea-pig has
been studied using autoradiographic techniques and 125I-SB 207710 as a
ligand. In consecutive sections, 5-HTiD receptors were visualized using 125GTI. Caudate-putamen, globus pallidus and substantia nigra pars reticulata
were some of the areas presenting the highest densities of receptors. In
order to examine the possible cellular localization of these receptors,
neurotoxic lesions were performed. Dopamine neurons were destroyed by
direct injection of 6-OHDA into the substantia nigra. In animals bearing
these lesions no modification on the distribution or density of 5-HT, and
5-HT,d receptors were measured. In contrast, lesion of the intrinsic
neurons of the caudate-putamen nucleus with quinolinic acid, resulted in
a marked reduction of receptor densities in areas of the caudate-putamen
surrounding the lesion placement and also in limited regions of the
ipsilateral substantia nigra pars reticulata. The localization and extension
of 5-HT4 receptor losses coincided with those of 5-HT,d sites. These
results suggest that 5-HT, in the guinea-pig basal ganglia are not located
in dopaminergic neurons but rather on neurons intrinsic to the striatum
which project to the substantia nigra such as those utilizing substance P,
enkephalin and GABA as neurotransmitters, where these sites are
codistributed with 5-HTw receptors.
2 Permanent address: Research Institute, Laboratories Almirall, Barcelona.

pallidus (GP), substantia nigra (SN) and interpeduncular nucleus (IP). Lower
densities were present in medial and lateral habenula and hippocampus, among many
others. Comparison of mRNA and receptor distributions suggests two different
subcellular localizations for 5-HT, receptors. Receptors present e.g. in OTu, Acc,
CPu and hippocampus would be located somatodendritically, whereas receptors
present e.g. in GP, SN and IP would be located pre-synaptically on axon terminals
of, respectively, the striatopallidal, striatonigral, and habenulo-interpeduncular
projections.
3: Permanent address: Research Inst., Laboratories Almirall, Barcelona Spain

728.5

5-HT4 RECEPTOR LEVELS ARE REDUCED IN THE PUTAMEN
FROM PATIENTS WITH SCHIZOPHRENIA.
L.J. Steward* & N.M. Barnes. University of Birmingham, Department
of Pharmacology, The Medical School, Birmingham, U.K., B15 2TT.
Relatively high densities of the 5-HT4 receptors are expressed in
human mesolimbic and nigro-striatal systems, as detected using the high
affinity and selective radioligand [3H]GR113808. Our recent studies in
rat brain indicate that the 5-HT4 receptor can modulate the release of
dopamine. It is generally accepted that an overactivity of the
mesolimbic dopamine system is associated with schizophrenia.
Therefore, in the present studies we investigated the levels of 5-HT4
receptors in human brain regions from schizophrenic patients and
matched control patients who had died without a neurological or
psychological disorder.
Saturation studies with [3H]GR113808, revealed specific binding
(non-specific defined by SDZ 205-557, 10 pM) in all examined tissues
from control and schizophrenic patients (putamen, amygdala, nucleus
accumbens and substantia nigra). There was a significant (p < 0.05)
reduction in [3H]GR113808-labelled 5-HT4 receptor density in putamen
tissue from schizophrenic patients when compared to control putamen
tissue (approximately 50 %). Whilst no significant differences in the
densities of the radiolabelled 5-HT4 receptor were detected in amygdala,
nucleus accumbens and substantia nigra from schizophrenic and control
patients. Whether the reduction in 5-HT4 receptor density in the
putamen of schizophrenic patients, is part of the pathology of the
psychiatric disorder or a consequence of chronic psychotropic drug
therapy, remains to be established. We would like to thank the MRC
Brain Bank (Cambridge, UK) for the donation of tissue.
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ABILITY
modulate

OF THE 5-HYDROXYTRYPTAMINE4 RECEPTOR TO
dopamine
and 5-hydroxytryptamine
release
in

RAT BRAIN
N.M. Barnes*. LJ, Steward. J. Ge. R.L. Stowe. P.R.A. Stokes and D.C. Brown.
Department of Pharmacology, Medical School, University of Birmingham,
Birmingham B15 2TT UK.
In the present study we assess the ability of the 5-hydroxytryptamine, (5-HT4)
receptor to modulate dopamine (DA) and 5-hydroxytrptamine (5-HT) release in
the rat forebrain.
The 5-HT4 receptor agonist renzapride enhanced dopamine release from both
rat striatal slices and in the striatum of freely moving rats assessed by the
microdialysis technique in a concentration dependent manner (maximal increase;
214135% in slices (10 pM renzapride) and 161110% in vivo (100 pM renzapride
administered via the probe, mean+SEM, n=4-14). The renzapride-induced
increase in DA release (both preparations) was prevented by the selective 5-HT4
receptor antagonist, GR113808 (in vitro 100 nM , in vivo 1 pM) and the protein
kinase A inhibitor, H7 (in vitro 100 nM, in vivo 1 pM). Similar responses were
detected with the 5-HT4 receptor agonist 5-methoxytryptamine (5-MeOT).
The 5-HT4 receptor agonists 5-MeOT (10 pM; with concomitant 5-HT 1/5-HT2
receptor blockade) and renzapride (100 pM), maximally increased 5-HT release
in the hippocampus, assessed by the microdialysis technique, by 451140% and
214130%, respectively (meaniS.E.M., n=3-5). Lower concentrations of
renzapride (1-10 pM) were less effective. GR118303 (1 pM), reduced dialysate
levels of 5-HT (maximally 5018%, meaniS.E.M., n=4) and also completely
antagonised the increase in 5-HT release induced by either 5-MeOT (10 pM) or
renzapride (100 pM).
The present studies indicate that the 5-HT4 receptor modulates DA and 5-HT
release in the striatum and hippocampus, respectively.
Supported by the Wellcome Trust.
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CO-LOCALIZATION OF SEROTONIN 5-HT6 AND 5-HT2C RECEPTORS IN
NEUROPEPTIDE CONTAINING NEURONS OF THE RAT STRIATUM
R.P. Ward* and D.M. Dorsa. Dept, of Pharmacology and Dept. of Psychiatry and
Behavioral Sciences, Univ. of Washington, Seattle, WA 98195.
The striatum is the largest nucleus of the basal ganglia, and has two main outputs: a
projection to the globus pallidus, and a projection to the substantia nigra. Dopamine
receptors and certain neuropeptides which are expressed in the striatum are
differentially distributed between these two pathways. Specifically, enkephalin and
the dopamine D2 receptor are expressed in neurons projecting to the globus pallidus,
while substance P and dynorphin along with the dopamine D1 receptor are expressed
in neurons projecting to the substantia nigra. The striatum also receives a prominent
serotonergic input, but little is known about how serotonin receptors fit into the
molecular neuroanatomy described above. In the present study we used double label
in situ hybridization to determine the distribution of the mRNAs of two of the
serotonin receptors, the 5-HT6 and the 5-HT2C, in relation to enkephalin, substance
P, and dynorphin expressing output neurons.
Coronal sections of rat brain were simultaneously hybridized with an 33S
riboprobe for one of the serotonin receptors and a digoxygenin labeled riboprobe for
one of the neuropeptides. Sections were examined using brightfield microscopy, and
the relationship of expression of the two mRNAs to each other was determined.
mRNA for the 5-HT6 receptor was found to be evenly distributed throughout the
striatum and nucleus accumbens and to co-localize with all three of the neuropeptides
examined. This indicates that signals mediated via this receptor will affect both of
the major striatal output pathways.
The 5-HT2C receptor also showed co-localization with all three of the
neuropeptides examined, however its distribution is considerably more complex.
Levels of 5HT-2C mRNA were much higher medially than laterally, and ventrally
than dorsally. Additionally discreet regions found throughout the striatum exhibited
much higher levels of expression. These small scattered regions represent the striatal
patch compartment, as shown by their overlap with regions which exhibit high levels
of dynorphin mRNA expression. Supported by NS20311 and a P.M.A.F. Fellowship.

5-HT4, 5-HT5, 5HT6, 5-HT7

728.8
AFFINITY
OF
TYPICAL
AND
ATYPICAL
NEUROLEPTICS FOR THE CLONED HUMAN 5-HT$
SEROTONIN RECEPTOR R.Kohen1*, M.A.Metcalf1. N. Khan?.
D.R.Sibley3. B.L.Roth2> M.W,Hamblin 1 ^University of Washington,
and GRECC, Seattle VAMC, Seattle, WA 98108; 2Case Western
Reserve University, Cleveland, OH 44022; 3NINDS/NIH, Bethesda,
MD 20892.
The 5-HT6 receptor is a Gs coupled serotonin receptor with relatively
low sequence homology to other known serotonin receptor subtypes.
One of the most striking features initially described for the rat 5-HT6
receptor was its high affinity for the atypical neuroleptic clozapine and
related compounds. This affinity and its distribution in brain areas such
as striatum, nucleus accumbens and hippocampus thought to be involved
in neuroleptic drug action suggested that the 5-HT6 receptor might be
important in mediating some of the advantageous differences of atypical
over typical antipsychotic drugs.
We have now extended the studies on neuroleptic affinity for the rat 5HT6 receptor by Roth and co-workers to the cloned human 5-HT6
receptor expressed in COS-7 cells. It also has high (approximately 10
nM) affinity for several atypical neuroleptics including clozapine,
olanzepine, ICI 169369, rilapine and (-)ocncclothepin. Although
chlorpromazine and (+)octoclothepin, both typical neuroleptics, also
have high 5-HT6 affinity, affinities for most typical neuroleptics is
lower, as are those of atypical drugs with some residual liability to
produce extrapyramidal symptoms. These data suggest that 5-HT6
receptors, along with others such as 5-HT2A, may play an important
role in mediating some of the differences between typical and atypical
antipsychotic drugs. Supported by the Department of Veterans Affairs.

728.9

728.10

EFFECTS OF CLOZAPINE AND HALOPERIDOL ON EXPRESSION
OF 5HT6 AND 5HT7 RECEPTORS J.A. Frederick, J.F. Lopez*, and
J.H. Meador-Woodruff. Mental Health Research Institute, Dept. of
Psychiatry, University of Michigan, Ann Arbor, MI 48109.
The
distribution and regulation of messenger RNA encoding two recently
cloned serotonin receptors was examined by in situ hybridization in the
rat brain. 5-HT6 labelling was observed in the striatum, olfactory
tubercle, neocortex, and hippocampus. 5-HT7 labelling was observed in
the thalamus, hypothalamus, piriform cortex, entorhinal cortex,
superficial layers of neocortex, septum, amygdyla, and the CA2 and
CA3 regions of the hippocampus. Most striking was the lack of 5-HT7
expression in the dentate gyrus or CA1 regions of hippocampus, or in
the striatum. The high affinity of 5-HT6 and 5-HT7 receptors for
atypical antipsychotic drugs, and their localization in limbic and cortical
regions, suggests that they may play a role in the pathophysiology of
schizophrenia. To determine if expression of these receptors is
regulated by antipsychotic drugs, rats were injected with clozapine (20
mg/kg/day, N= 8), haloperidol (2 mg/kg/day, N=8), or vehicle (N= 8) for
two weeks.
Preliminary evidence suggests that clozapine and
haloperidol increase expression of 5-HT6 receptors in the nucleus
accumbens, and decrease
--HT6 expression in frontal cortex.
Meanwhile, no differences in 5-HT6 expression were observed between
haloperidol- and clozapine-treated animals in all regions studied.
Further results of this study are expected and will be presented.

CORRELATION BETWEEN 5-HT7 RECEPTOR BINDING AND ITS mRNA IN
THE RAT AND GUINEA PIG BRAIN VISUALIZED AUTORADIOGRAPHICALLY. A. Raurich1, G. Menqod1, S. Hurt2, J.M. Palacios3 and R.
Cort6s1*. 1Dept. of Neurochemistry, CID/CSIC, Barcelona, Spain.2DuPont
NEN Products, Med.Prod.Dept., Boston, MA 02118.
We have used receptor autoradiography with 3H-5-carboxytryptamine pH5-CT) as ligand and in situ hybridization histochemistry using 32P-labeled
oligonucleotides to visualize the anatomical localization of the 5-HT7
receptor and its mRNA in the rat and guinea pig brain.
By analyzing the displacement of 5 nM 3H-5-CT binding by the selective
5-HTiA and 5-HTw antagonists WAY 100135 and GR 127935 and 8-OHDPAT, a 5-HT1A and 5-HT7 ligand, conditions were selected allowing for the
direct visualization of 5-HT 7 binding sites. In the guinea pig, 5-HT 7 receptors
could be selectively labeled with 5 nM 3H-5-CT in the presence of high
concentrations of WAY 100135 (100 ^M) and GR 127935 (200 /vM),
whereas in the rat, a small population of 5-HT1B receptors remained still
labeled.
In these conditions, in the guinea pig 5-HT7 binding sites were found to
be enriched in layers l-lll of the neocortex, claustrum, several hypothalamic
and midline nuclei of the thalamus (i.e paraventricular, paratenial,
mediodorsal nuclei), dentate gyrus, and superior colliculus, 'among others.
These areas were also enriched in 5-HT7 mRNA signal, both in rat and
guinea pig. In contrast, neither 5-HT7 binding nor mRNA were detected in
structures such as the globus pallidus or the pars compacts and reticulata
of the substantia nigra.
Permanent address: Research Institute, Laboratories Almirall, Barcelona

OTHER NEUROTRANSMITTERS:
729.1

[3HJ-THIOPERAMIDE-A NEW RADIOLIGAND FOR THE
HISTAMINE H3 RECEPTOR A. Alves-Rodrigues, R. Leurs*, T. S.
Wu, and H. Timmerman. Leiden/Amsterdam Center for Drug Research,
Department of Pharmacochemistry, Vrije UniversiteR, De Boelelaan
1083,1081 HV Amsterdam, The Netherlands
Thioperamide is the first selective high affinity antagonist described for
the H3 receptor. Its use as a radioligand has, sofar, never been reported.
In the present study, the binding of [3H]-thioperamide was characterized
in membranes of rat brain cortex. Transformation of saturation curves
showed ocn)lineap Scatchard plots suggesting labelling of two different
populations of sites by [3H]-thioperamide. Up to a concentration of 1
gM, H3 agonists hardly displaced the total binding of 5 nM [3H]thioperamide. Moreover, although H3 antagonists fully displaced the total
binding of 5 o M PHl-thioperamide Ki’s obtained were different from the
values expected for the H3 receptor. These results showed that, at 5 o M,
[3H]-thioperamide was mainly labelling a ooo -H3 receptor site. The total
binding of 0.3 oM [3H]-thioperamide, however, was, inhibited up to
60% by H3 agonists. Stereoselectivity for the R and S isomers of amethylhistamine and guanine nucleotides sensitivity for the displacement
by R)a)methylhietamioe was established. H3 antagonists fully displaced
the binding of 0.3 oM [3H]-thioperamide. Displacement curves of the
antagonists were biphasic with the Ki for the high affinity site similar to
values expected for the H3 receptor. In conclusion, in rat brain, [3H]thioperamide, labels with high affinity both the H3 receptor and a
indentified non-H3 binding site. Most of the H3 antagonists also show
high affinity for the oon-H3 site. Because agonists do not show high
affinity for the ooo-H3 component of the binding of [3H])thioperamide,
they should be used to define the nonspecific binding of [3H]thioperamide when studying the H3 receptor.
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729.2
OXIDATION OF HISTAMINE IN RODENT BRAIN HOMOGENATES: EVIDENCE FOR AN ALTERNATIVE PATHWAY OF BRAIN
HISTAMINE METABOLISM. B Thomas, AM Mcoriehcw and GD
Prell* Dept Pharmacology, Mount Sinai Medical Center, NY, NY 10029
There is extensive evidence from early studies that histamine is mainly,
if not exclusively methylated in mammalian brain. However, we recently
showed that imidazoleacetic acid (IAA), histamine's oxidative metabolite
in the periphery and a potent GABAa agonist, is present in brain where
its levels increase when histamine methylation is blocked. IAA does not
enter brain from periphery. 3H-histamine (iev) formed 3H-IAA and its
ribosylated metabolites in rat brain, a process that increased when histamine methylation was blocked (/. Neurochem. 65 [in press]). To assess
which enzyme(s) may be involved, we examined metabolism of 2-10 ng
3H-histamine in whole brain homgenates of male rats, mice and guinea
pigs (2 ml; 5 vol; NaP buffer, pH 7.4) incubated (37°C) with amine oxidase inhibitors (e.g. clorgyline, deprenyl or aminoguanidine [AG]), then
boiled after 30 min. Aliquots (5 pi) were applied to Polygram silica TLC
plates (250 g); t-Butanol, formatic acid, water (70,15,15) separated
histamine (RpO.31), te/e-methylhistamine (0.14), te/e-methylimidazoleacetic acid (0.50) and IAA and its metabolites (0.63-0.66). In all species
examined, 3H-IAA (and/or its metabolites) was produced. Clorgyline and
deprenyl, at cones selective for MAO-A and -B, respectively, did not affect recoveries of 3H-histamine or 3H-IAA (and its metabolites). In contrast, at cones expected to abolish DAO activity (up to 1 gM), AG inhibited, but did not abolish oxidation. These results confirm that histamine is
not oxidized by MAO-A or -B and suggest that an AG-sensitive enzyme,
possibly DAO or another amine oxidase(s), can oxidize histamine in
brain and form IAA and its metabolites. (NINDS)NS)28012)
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OTHER NEUROTRANSMITTERS:

729.3

COMPARISON OF HISTAMINE H3 RECEPTOR ANTAGONISTS (GT-2016,
THIOPERAMIDE, AND CLOBENPROPIT): RECEPTOR BINDING AND
HISTAMINE TURNOVER. C.E. Tedfond* J.G. Phillips. M.A. Khn, RC.A
Frederickson, R. Leurs**. H. Timmerman**, and S.L Yates. Gliatech Inc., 23420
Commerce Park Rd. Cleveland, OH 44122 and **Vrije Universteit, De Boelelaan
1083,1081 HV Amsterdam, The Netherlands.
The release of histamine (HA) in the CNS is under the negative tonic control of
presynaptic HA H, autoreceptors. Once released, HA is metabolized to
M-methylhistamine (TMH). Selective H3 receptor antagonists block the negative
feedback of HA, resulting in increased HA release and metabolism. GT-2016, a
nonthiourea-containing Hj antagonist, has been developed at Gliatech. In vivo CNS
penetration of GT-2016 and changes in HA turnover were studied in male Sprague
Dawley rats, and compared to the thiourea- and isothiourea-containing Hj
antagonists, thioperamide and dobenpropit. The in vitro K,'s for GT-2016,
thioperamide, and dobenpropit were 44, 1.6, and 0.2 nM, respectively, using rat
cortical membranes and 1 nM ^HjN-methylhistamine (NAMHA). The ability of these
compounds to penetrate the CNS was assessed using an ex vivo binding technique.
Rats were pretneated with drug (1 hr) and an inhibition binding assay was performed
using unwashed cortical homogenates. Each of the drugs (1 to 30 mg/kg; ip)
produced a dose-dependent inhibition of NAMHA binding. The CNS bioavailability of
GT-2016 was 10 to 15 fold greater than that of thioperamide and approximately 150
fold greater than the CNS bioavailability of dobenpropit Clcbempropit produced
minimal changes in HA and TMH levels. GT-2016 and thioperamide produced
dose-dependent increases in the TMH/HA ratio, indicative of increased HA release
and metabolism. These increases in the TMH/HA ratios were directly correlative with
the degree of receptor binding shewn in the ex vivo binding studies. In summary,
GT-2016, a novel nonthiourea H, antagonist, provides good CNS bioavailability and
corresponding functional blockade of CNS H3 receptors.

HISTAMINE

WEDNESDAY PM

729.4

HISTAMINE AGONISTS AND ANTAGONIST'S: RECEPTOR SUBTYPE
AFFINITIES AND SEITCTIVITIES. N.A.Sharif* and S.Xu.
Molecular Pharmacology Unit, Alcon Laboratories Inc., Fort
Worth, TX 76134.
Specific [HHjpyrilamine, [3 HJtiotidine and [HH]N-methyl
histamine binding to rodent brain Hi, H2 and H3 histamine
receptors was studied. Drugs with high affinity (Ki =0.81-3
nM) for Hi sites included emedastine (a novel ocular antihistamine), triprolidine, pyrilamine and ketotifen.
Ranitidine showed the highest affinity for H 2 sites (Ki = 187
nM). Drugs with high affinity (Ki = 0.2-5 nM) for H3 sites
included imetit, thioperamide and histamine. Emedastine
showed the highest H1 -selectivity (37,000-fold) relative to its
H 2 -affinity. Ranitidine was the most H2-selective, and
thioperamide (254,000-fold) and imetit (240,000-fold) the most
H 3-selective relative to their Hi-affinities.
Histamine
stimulated phosphoinositide (PI) turnover in human corneal
fibroblasts (EC50 = 1 nM), and the Hpantagonists, emedastine
(IC50 = 0.6 nM), levocabastine (IC 50 =11 nM) and triprolidine
(IC50 = 4 nM) potently inhibited the histamine PI responses.
These
potencies matched their H preceptor binding
affinities. These data have shown emedastine to be an highaffinity and high potency histamine antagonist with the
highest Hpselectivity. Emedastine may therefore be a useful
Hi-antagonist for use in the eye to treat allergic diseases and
in the brain for affective and other disorders.

729.5

729.6

Effects of Histamine on Phospholipase C and Adenylyl
Cyclase Activities in Porcine Spinal Arachnoid Cells in
Culture. Martin T. Tavlor* and Edward L. Orr. Department of Anatomy
and Cell Biology, U.N.T. Health Science Center, Fort Worth, TX 76107
Structural and biochemical interactions between arachnoid cells form the
basis of the cerebrospinal fluid (CSF)-blood barrier. Using cultured
porcine spinal arachnoid cells, we have begun to assess the types of
receptor/second messenger systems expressed by arachnoid cells that may
be involved in regulating the CSF-blood barrier. Activation of
phospholipase C (PLC) was measured in confluent arachnoid cells by
monitoring the conversion of 3H-myoinositol to 3H-inositol phosphates.
Adenylyl cyclase (AC) activity was measured by preincubating the cells in
3H-adenine to form 3H-ATP then measuring the conversion of 3H-ATP
into 3H-cyclic AMP. Porcine spinal arachnoid cells in vitro expressed
both PLC and AC activity. Specifically, both carbachol and histamine
stimulated PLC at EC50s of 34 pM and 11 JiM, respectively. The effect
of carbachol was inhibited with atropine. The histamine effect was
inhibited by Hj-receptor antagonists, but not by H 2- or H3-receptor
antagonists. Arachnoidal AC activity was stimulated by forskolin and
prostaglandin D2 (PGD2). Histamine did not stimulate AC activity,
indicating that H2-receptors were not present on the cells. In fact,
histamine inhibited the stimulation of arachnoidal AC by forskolin and
PGD2. In conclusion, porcine arachnoid cells in culture express
muscarinic and histamine Hj-receptors linked to PLC, and PGD2receptors linked to AC. These receptors may be involved in regulating
arachnoid cell dependent permeability of the CSF-blood barrier. Supported

CRANIECTOMY ACTIVATES DURAL MAST CELLS AND
INCREASES CEREBRAL CORTICAL HISTAMINE. Edward
L. Orr* and Martha E. Stokelv. Department of Anatomy and Cell
Biology, U.N.T. Health Science Center, Fort Worth, TX 76107
The dura mater contains numerous mast cells which are degranulated in
response to various types of head trauma such as cryogenic lesions (Orr,
1988, Neurochem. Pathol. 8:43-51) or a simple craniectomy (Olesen
1987, Acta Physiol. Scand. 130:63-68. Since degranulated mast cells
release large quantities of histamine (HA) and, since exogenous HA can
alter the diameter and permeability of pial blood vessels (Yong, et al.,
1994, ]. Neurotrauma. 11:161-171), the possibility exists that histamine
from dural mast cells may cross the meninges to enter the subarachnoid
space and affect adjacent brain tissue and pial blood vessels. To test this
possibility, adult female Lewis rats were anesthetized by inhalation of
methoxyflurane, subjected to unilateral craniectomies, then killed 10 min.
later. Samples of cerebral cortex and meninges subjacent and contralateral
to the craniectomies were assayed for HA using a specific radioenzymatic
assay. Compared to contralateral tissues, the meningeal HA concentration
was 62.7 ± 11.8% (mean ± SEM, n=5) of control, while the subjacent
cerebral cortical HA concentration was 452.5 ± 165.3% (mean ± SEM,
n=5) of control. Since the concentration of HA in the meninges (2.13
ng/mg wet weight) is 140-fold higher than the concentration in the
cerebral cortex (0.015 ng/mg wet weight), the decrease in dural HA can
easily account for the increased cortical HA observed on the lesioned side
of the head. These results suggest that HA, and possibly other products of
dural mast cells can cross the meningeal barrier to enter the subarachnoid
space and affect underlying brain and associated tissues. (Supported by a
grant from the National Multiple Sclerosis Society.)

729.7

729.8

STIMULATORY EFFECT OF HISTAMINE ON CALCIUM EFFLUX FROM
CULTURED BOVINE ADRENAL CHROMAFFIN CELLS.
H. Houchi *. K. Kitamura. K. Minakuchi. Y. Ishimura. M. Okuno./X. Ohuchi
and M. Oka. Department of Pharmacology, Tokushima University School of
Medicine, Kuramoto, Tokushima, 770, Japan.
Histamine is known to have several effects on adrenal chromaffin cells
mediated by its Hi and H2 receptors. The histamine Hi receptor is
associated with secretion of catecholamine, accumulation of inositol
phosphates, increase in the intracellular level of free Ca2+ ([Ca2+Ji),
synthesis of opioid peptides and phosphorylation of tyrosine hydroxylase in
bovine adrenal chromaffin cells. On the other hand, the histamine H2
receptor is associated with accumulation of cyclic AMP in these cells.
In this study, the effect of stimulation of the histamine receptor on Ca2+
mobilization in cultured bovine adrenal chromaffin cells was examined.
Histamine (10‘5M) increased [Ca2+j to a peak in the presence or absence
of extracellular Ca2+, followed by decrease with time. Histamine (10‘8 10*5M) also stimulated 45Ca2+ efflux from cultured bovine adrenal
chromaffin cells in a concentration dependent manner. Its stimulatory effect
on 45Ca2+ efflux was inhibited by the specific histamine Hi receptor
antagonist mepyramine. The increase in histamine-stimulated 45Ca2+ efflux
was inhibited by deprivation of extracellular Na+ and by the Na+/Ca2+
exchange inhibitor amiloride. In addition, histamine stimulated 22Na+ influx
into the cells, and this action was inhibited by amiloride.
These results suggest that stimulation of the histamine Hi receptor
induces extracellular Na+-dependent Ca2+ efflux from cultured bovine
adrenal chromaffin cells, probably acceleration of Na+/Ca2+ exchange.

DETERMINATION OF AGONIST OR ANTAGONIST
ACTIVITY AT THE MELATONIN RECEPTOR BY AN
AFFINITY SHIFT METHOD. A. M. Lovelace. R. F. Bruns*.
Eli Lilly and Company, Indianapolis, IN 46285.
Receptors exist in resting and activated
conformations. Agonists bind preferentially to the
activated state. In the present study, we
investigated whether this phenomenon can be used to
distinguish agonists from antagonists at the
melatonin receptor. Binding of [125l]2-iodomelatonin
to chicken brain membranes was measured in the
presence of 10 mM MgCl2 (activated state) and 1 mM
EDTA, 100
GTP, and 150 mM NaCI (resting state).
The Ki of melatonin under activated conditions was
0.22 nM and under resting conditions was 1.70 nM, a
7.04 fold shift in affinity. In contrast, the
antagonist luzindole had an activated state Ki of 0.79
nM and a resting state Ki of 0.80 nM, a shift of 1.01
fold. This confirms that the affinity shift method
can distinguish melatonin receptor agonists from
antagonists.

by a Burroughs Welcome Osteopathic Fellowship and a grant from the National Multiple
Sclerosis Society.
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UPTAKE AND TRANSPORTERS:

730.1

THE SYNAPTIC VESICLE GLUTAMATE UPTAKE SYSTEM:
RECONSTITUTION WITH ATPASE AND A PARTIALLY
PURIFIED GLUTAMATE TRANSLOCATOR. S. M. Lewis* t and
T. Uedaf f Mental Hegeth Research Institute!, the Dep^aments of
Pharmacology aad Psychiatry!, Medical School, University of
Michigan, Ann Arbor, MI 48109.
The synaptic vesicle glutamate uptake system has been proposed lo
play an important role in directing glutamate to the neurotransmitter
pathway, away from the metabolic pathway, and has been extensively
characterized. Glutamate uptake by synaptic vesicles requires both
proton-pump ATPase and glutamate transport activity. The goal of
this study is the separation of these two functional components. A
fraction rich in ATPase activity, but poor in ATP-dependent glutamate
uptake, was obtained by subjecting synaptic vesicles to CHAPS
extraction. A fraction with minimal ATPase activity, exhibiting little
or no ATP-dependent glutamate uptake activity, was prepared by
extracting synaptic vesicles with cholate, followed by glycerol density
gradient centrifugation (this fraction was distinct from the major
ATPase peak). When these two solubilized fractions were combined
into proteoliposomes, significant ATP-dependent glutamate uptake
was observed. This suggests that the second fraction contains a
partially purified glutamate transporter, largely free of ATPase. This
represents the first evidence for the physical separation of the
puntative glutamate translocator from the ATPase. This work was
supported by NIH grants NS 26884, 1 F32 NS09737-01, and 5-T32MH15794.

730.3
MOLECULAR CHARACTERIZATION AND DEVELOPMENTAL EXPRESSION
OF A MURINE HIGH-AFFINITY GLUTAMATE TRANSPORTER. M.L.
Sutherland3’**. T.A. Delaney*. J.L. Noebels3’*. aDivision of Neuroscience and
*Department of Neurology, Developmental Neurogenetics Laboratory, Baylor College
of Medicine, Houston TX 77030.
Glutamate is the major excitatory neurotransmitter of the mammalian central
nervous system (CNS) acting as a ligand for glutamate metabotropic, AMPA/KA and
NMDA receptor subtypes. Transport through high-affinity, Na+-dependent uptake
proteins located in the plasma membrane of presynaptic terminals and surrounding
glial cells is the mechanism that maintains glutamate below neurotoxic levels in the
synaptic cleft. Through Rt-PCR we have cloned the mouse glutamate transporter
(mEAAT2) and demonstrated CNS-specific transcript expression though PCR and
southern blot analysis. High-affinity transport of D-aspartate, Km value (17 pM + 5)
was determined in a vaccinia/T7 RNA polymerase expression system. The predicted
amino acid sequence of mEAAT2 shares 93 and 96% identity with the human EAAT2
and rat GLT1 homologues, respectively. RFLP analysis and C57BL/6J X M. Spretus
backcross DNA hybrid panel screening localizes the mEAAT2 gene to mouse
chromosome 2, in the vicinity of the recessive neurological mouse mutant, anx.
In situ hybridization analysis indicates that the expression of the mEAAT2 transcript
during embyrogenesis is CNS-specific and localized to the El5, E17 and E19 day
telencephalon, hindbrain and spinal cord. During postnatal development the mEAAT2
transcript is expressed in astrocytes throughout the neuroaxis and in neurons of the
cortical subplate and pyramidal cell layer of the hippocampus. At the single cell level,
the signal for mEAAT2 mRNA is found not only over cell bodies but also in dendritic,
Bergman glia and astrocytic processes. The mEAAT2 mRNA in situ distribution
provides a clear demonstration that this transporter has both a neuronal and glial
localization.

730.5
POSTSYNAPTIC UPTAKE OF EXCITATORY AMINO ACIDS
IN RAT CEREBELLAR PURKINJE CELLS. *Y. Kataoka, *H.

Ohmori and 2K. Kataoka*. TDept. of Physiology, Kyoto Univ.,
Kyoto, Kyoto 606-01 and 2Dept. of Physiology, Ehime Univ.
Sch. of Med., Shigenobu, Ehime 791-02.
Postsynaptic activities of released excitatory amino acids
(EAAs) are known to be terminated by uptake mechanisms
into presynaptic neurons and glial cells. The existence of
postsynaptic uptake system of EAAs has not been confirmed.
We found a current component which was induced by EAAs
(L-glutamate, L-aspartate and L-homocysteate) and was not
suppressed by the antagonist for NMDA receptors (200 pM
APV) and by the antagonist for non-NMDA receptors (20 pM
CNQX) in rat cerebellar Purkinje cells with the whole cell
patch recording technique. We call this current as the APV
& CNQX resistant current. Dose dependencies of three amino
acids for inducing this current had dissociation constants
from 15.7 pM to 25.0 pM. The induction of this current did
not increase current noise, and was suppressed by a
removal of Na+ from extracellular medium or by an
application of the inhibitor for high affinity glutamate
transporters (D-threo-p-hydroxyaspartate). The APV & CNQX
resistant current was induced all over the subcellular
regions studied by ionophoretic application of EAAs
including dendrites and cell somata. These observations
indicate that the APV & CNQX resistant current is likely
induced by the Na+ dependent high affinity uptake
mechanism of EAAs in postsynaptic Purkinje cells.

Society

for

Neuroscience

, Volume

21, 1995

GLUTAMATE

730.2
SH-GROUPS OF CYSTEINE RESIDUES ON GLUTAMATE
TRANSPORTERS ARE CRITICAL FOR UPTAKE ACTIVITY.

D.Trotti. N.C.DanboH*, D.Rossi, G.Racagni. O.Giesda*. J. Storm-Mathisen** and
A.Volterra. Ctr. of Ncuropharmacol., Inst. Pharm. Sci., Univ. of Milano, Italy 20133
and *Dept. Anatomy, Univ. of Oslo, Norway P.O.Box 1105.
L-glutamate is the major excitatory transmitter in brain and its transport
represents the mechanism by which it is removed from the synaptic cleft and kept
below toxic levels. So far, three different glutamate transporters (glu-tps) from rat
brain have been cloned: GLT1, GLAST (glial origin) and EAACl (neuronal). In this
study, we address the possibility that SH-groups of cysteine residues on glu-tps arc
critical and regulate their uptake activity. We have tested the effect of HgCl2 0.1-10
pM, a specific SH reagent, on transport activity by (1) a purified to homogeneity rat
brain glu-tp (found to be GLT1) and (2) EAACl, GLAST, GLT1 clones expressed in
HeLa cells. Purified or recombinant proteins were functionally reconstituted in
artificial liposomes as described (Biochemistry 29:6734-40,1990; Nature 360:4647,1992). In the purified preparation, HgCl2 decreased transport activity within 1 min .
in a dose dependent manner with -40% of inhibition at 10 pM. The inhibition
remained following gel-filtration which removes not reacted Hg+ . However transjx n i
activity could be fully restored by addition of DTT 3mM, a specific disulphide
reducing agent. Kinetic uptake parameters were evaluated after exposure to HgCl2 ami
gel-filtration. Km was not affected, while Vmax was reduced suggesting a noncompetitive mode of inhibition. Hg++ was found to inhibit also all three the
recombinant transporter subtypes, with highest efficacy against GLT1.
Parachloromercuribenzoic acid (pCMB 1-100 //M), another SH-reagent also dose
dependently inhibit uptake activity mediated by the purified and reconstituted glu-tp.
Our data indicate that a modification of SH groups on cysteine residues of glu-tps
strongly affects uptake function.
This work was partly supported by Telethon-Italy grant # 586

730.4
MODULATION OF GLUTAMATE TRANSPORTER PROTEINS IN
AMYGDALA-KINDLED ANIMALS. H.K. Prince Miller*. J ,D. eolholeia,
P.J. Conn and A.I. Levey. Departments of Neurology and Pharmacology,
Emory University, Atlanta, GA 30322 and Department of Neurology, The
Johns Hopkins University, Baltimore, MD 21205.
There has been increasing evidence for elevated levels of glutamate in
brain regions thought to play a role in the induction and propagation of
seizures. Theoretically, this phenomenon could be mediated by modulation
of high-affinity uptake systems for glutamate. To date, three distinct
glutamate transporters have been cloned: GLT-1, GLAST and EAAC-1.
Immunocytochemistry studies have shown that GLT-1 and GLAST are
localized to glia, whereas EAAC-1 is localized to neurons. We investigated
whether there were changes in the levels of these transporters in rats that
had undergone kindling-induced epilepsy by stimulation of the amygdala.
Levels of GLT-1, GLAST and EAAC-1 were examined in three brain
regions (hippocampus, piriform cortex/amygdala and limbic forebrain) by
quantitative immunoblottmg using subtype specific antibodies.
Immunoblottmg revealed a 60% decrease in GLAST protein in the piriform
cortex/amygdala region 24 hours after the last seizure. No changes in
GLAST were observed in the other regions that were examined. EAAC-1
levels were found to be increased to 130% of control in the hippocampus,
with no changes in the other regions examined. No changes in GLT-1 were
observed in any region examined. Future studies will be aimed at
determining whether these changes result in any functional consequence to
the levels of extracellular glutamate. HKPM is the recipient of a PhRMA F
predoctoral award.

730.6
GLUTAMATE UPTAKE INHIBITORS: DIFFERENTIATION OF
SUBSTRATES AND NON-SUBSTRATES. H. Koch*, F. Lovering*, S.
Esslinge^*, A.R. Chamberlin*, and R.J. Bridges. Dept of Pharm. Sci., Univ. of
Montana, Missoula MT 59812, Dept, of Chem.*, Univ. of Calif., Irvine CA 92717.
High-affinity, sodium-dependent glutamate transport plays a key role in the
regulation of extracellular glutamate and the prevention of excitotoxic damage.
During the course of delineating transporter pharmacology, we identified several
conformationally constrained analogues of glutamate that potently block the uptake
of ^i-D-asparatate into rat cortical synaptosomes, e.g., L-franj-2t4-py^olidine
dicarboxylate (L-frawu-24-PDC), L-anri-enlfc-3,4methanopyrrolidine dicarboxylate
(L-anti-endo-3,4~MPIDQ and meso-3,4-MPDC. A key question that remains to be
answered is whether or not these novel inhibitors are also substrates that can be
translocated into the synaptosomes. While all competitive blockers would be
expected to bind to the transporter, it is likely that inhibitors can be further
subdivided between substrates and non-substrates. In lieu of preparing radiolabeled
derivatives, we have addressed this issue by quantifiyng the ability of the analogues
to participate in the process of heteroexchange. Compounds that act as substrates
stimulate the rate of exodus of 3e-D-asparatate previously loaded into the
synaptosomes. Using this approach we find that while each of the three structurally
constrained PDC analogues exhibited similar abilities to block uptake (Ki values 1-6
pM), the compounds varied significantly in their ability to serve as substrates. The
observed rank order of exchange with 3e-D-asparatate was meso-3,4MPDC>L-trans2,4-PDC>L-tfnft--’tt:d>-3,4-MPDC, with rates comparable to about 90, 75, and 40%
of that produced by L-glutamate, respectively. Knowledge of an uptake inhibitor's
ability to save as a substrate is a key facta in interpreting its actions in
physiological investigations. Modeling studies have - been initiated to delineate the
chemical basis that differentiates transportable and non-transportable inhibitors. This
work was supported in part by NIH/n In DS NS 30570 and NS 27600.
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INHIBITION OF HIGH AFFINITY GLUTAMATE UPTAKE BY
AMINO ACID CARBAMATES. R.J. Bridges*. C.A. Baker, and P.B. Nunn*.
Dept. of Pharm. Sci., Univ. Montana, Missoula, MT, 59812 and Biomed. Sci. Div.
*, King’s College London, England.
A number of amino acids have been identified that are capable of interacting with
CO2 and forming carbamates that induce excitotoxic neuronal injury, e.g., |5Nmethylamino-L-alanine (BMAA) and at,p<Iiaminopropionic add (DAP). Although
the parent amino adds bear little resemblance to glutamate, the resulting carbamate
can closely resemble the dicarboxylic amino add character shared by most EAA
agonists. In the present study a number of these potentially neurotoxic amino adds
were tested to determine if their resulting carbamates could also inhibit high-affinity,
sodium-dependent glutamate transport. Amino adds were assayed, in the presence
and absence of NaHCO3 (20 mM), as blockers of the uptake of 3H-D-aspartate into rat
forebrain synaptosomes. Compounds found to be inactive as inhibitors, either by
themselves or as carbamates, included D- and L-cysteine, D- and L-serine, D- and LatY-diaminobutyric add (DAB), and BMAA. In contrast, we found that L-DAP was
a potent inhibitor when added with NaHO03, and that the extent of the inhibition was
significantly reduced in the absence of NaHCO3. This activity was stereoselective, as
L-DAP was considerably more potent as an inhibitor than D-DAP. Kinetic plots
yielded patterns consistent with a competitive inhibitor (Ki « 5 pM). Further,
preliminary studies demonstrated that the L-DAP carbamate could undergo
heteroexchange with 3H-D-aspartate preloaded into synaptosomes, suggesting that it
was not only an inhibitor, but also a substrate. While the CO2 may interact with
either amino group on L-DAP, molecular modeling studies indicated that the |5carbamate is the likely active inhibitor. These results suggest that the neurotoxic
action of DAP, but not BMAA, may include the action of its carbamate not only at
EAA receptors, but also at the high-affinity glutamate transporters. This work was
supported in part by NIH/NINDS NS30570.

CALCIUM-INDEPENDENT EXTRACELLULAR
ALKALINE
SHIFTS EVOKED BY GLUTAMATE. S.E. Smith* and M. Chesler
Depts.Physiol./Neurosurg. NYU Med. Ctr., 550 1st Ave., NY, NY 10016.

Extracellular alkaline shifts evoked by glutamate (GLU) receptors
are generated by a Ca2+-dependent mechanism [l, 2]. We tested
whether other alkalinizing processes are unveiled with zero Ca2+
(EGTA) media. Alkaline shifts were evoked in hippocampal slices
(CA1) by pressure ejection of agonists near a pH microelectrode. In
zero Ca2+, GLU, AMPA and NMDA caused no alkaline shift, or a
small acidification. Slowing buffer kinetics with the carbonic
anhydrase inhibitor benzolamide (10 pM) uncovered a slow
alkalinization evoked by GLU (0.03 ± .01 pH units, n=5 slices) but
not by AMPA, NMDA or the metabotropic agonist trans-ACPD. A
similar Ca2+-independent alkaline shift was noted following ejection of
L-trans-2,4-PDC (0.05 ± .01 pH units n=6), a GLU uptake inhibitor
transported by the GLU carrier. Both GLU and L-trans-2,4-PDCevoked alkaline shifts persisted in the presence of APV (50 pM) and
CNQX (< 100 pM). These observations are consistent with efflux of
base by the GLU transporter [3]. Since detection of the Ca2+independent mechanism required greatly diminished buffering, its
contribution to bulk extracellular alkalinization is normally minimal.
Supported by NIH grant NS32123. [1] Paalasmaa et al. (1994) J.
Neurophys. 72(4):2031. [2] Smith et al. (1994) NeuroReport 5:2441.
[3] Bouvier et al. (1992) Nature 360:471.

730.9

730.10

EXPRESSION OF NEURONAL AND GLIAL GLUTAMATE TRANSPORTERS
IN THE RAT OPTIC NERVE. I. Choi. S. Y. Chiu*and J. D. Rothstein. Dept, of
Neurophysiology, Univ. of Wisconsin, Madison, WI 53706; Johns Hopkins Univ.,
Dept, of Neurology, Baltimore, MD '21287.
The rat optic nerve consists only of axons and glia, and are devoid of classical
synapses. Recent studies, however, revealed dynamic axon-glial signaling in this
nerve postulated to be mediated by non-vesicular release of glutamate (Kriegler &
Chiu, 1993). One release mechanism for glutamate in the optic nerve is reversal of
high-affinity glutamate transporters. Here we examined the expression of two glial
glutamate transporters (GLAST and GLT) and one neuronal transporter (EAAC1)
in the rat optic nerve. RT-PCR analysis revealed the presence of mRNAs for GLT
and GLAST, but not EAAC1, in rat optic nerves. RNase protection assays were
used to quantity the mRNA expression using a housekeeping gene, GAPDH, to
control for RNA loading. Of the two glial transporters, mRNA for GLAST is
expressed about 20 times higher than GLT, both in developing and in adult rat
optic nerves. GLAST mRNA level in the optic nerve is about 2-fold higher than in
cortex (grey matter). Intriguingly, optic nerve expresses slightly higher level of
GLAST mRNA than cerebellum, a brain region previously shown to express the
the highest level of GLAST. Developmental^, GLAST mRNA level in the rat
optic nerve is highest at P2, and drops slightly by adult. Nerve transection results
in little or no changes in mRNA levels for GLAST and GLT at 4-6 days posttransection. Western blot analysis performed on rat optic using peptide specific
antibodies raised against GLT, GLAST and EAAC1 reveals major bands of 72, 70,

EFFECTS OF NATRIURETIC PEPTIDES ON SODIUM TRANSPORT AND
GLUTAMATE UPTAKE IN RAT BRAIN ASTROCYTES. C.F. Deschepper*. S.

and 70 kDa respectively. Light-level immunocytochemistry shows that GLT and
GLAST stain glial processes, EAAC1 stains axons. In conclusion, we suggest that
these glial and neuronal transporters mediate neurotransmitter signaling in the optic
nerve, by modulating glutamate level in the periaxonal space during nerve activity.
In particular, the unusually high level of expression of GLAST in the optic nerve
suggests novel roles for this glial transporter in the optic nerve.

730.11
EPSC SHAPING, AND GLUTAMATE RELEASE IN ISCHAEMIA, BY
GLUTAMATE UPTAKE CARRIERS Michiko Takahashi. Brian Billups.
Monique Sarantis and David Attwell*. Dept, of Physiology, University
College London, Gower St., London, WC1E 6BT, England.
Glutamate uptake is often thought of as being presynaptic or in glial
cells, but immunostaining suggests that rat cerebellar Purkinje cells
express EAAC1 carriers (Neuron 13, 713). By applying glutamate
analogues iontophoretically to Purkinje cells in cerebellar slices, we
detected a membrane current component attributable to glutamate uptake.
To investigate the role of this postsynaptic uptake, currents evoked by
climbing fibre stimulation were recorded. By altering intracellular ions via
the patch pipette, we examined shaping of the EPSC by glutamate uptake.
Inhibiting uptake by removing pipette Cs+ (countertransported by the
uptake carrier) or adding D-aspartate to the pipette slowed the EPSC

decay. These data suggest that removal of glutamate from the synaptic cleft
by postsynaptic glutamate uptake can shape the EPSC.
In brain ischaemia [KX rises, making the uptake carrier reverse. We
monitored reversed uptake from salamander retinal glia electrically, and
by detecting Glu' release from the opening of AMPA receptor channels in
rat Purkinje cell bodies positioned near the glia. Acidifying the external
solution, as also occurs in ischaemia, decreased both the reversed uptake
current, and the release of glutamate produced by glial depolarisation in
raised [K*]o. These data suggest that the acidification occurring in

ischaemia could slow the release of glutamate occurring by reversed
uptake, and thus protect neurons against transient (but not sustained)
ischaemia.
Supported by the Wellcome Trust and the M.R.C.
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Picard, K.L. Grove. E.L. Schiffrin and R. Touvz. IRCM, Montreal, Canada H2W1R7
Natriuretic peptides (NP) in the brain have been shown to control a variety of
neuronal functions. The actions of these peptides are generally believed to be
mediated via the intracellular generation of cGMP. Since astrocytes appear to be the
only brain ceils generating cGMP in response to NP, we investigated the effects of Ctype NP (CNP) and/or cGMP on secondary cultures of rat brain type-1 astrocytes.
We observed that CNP 10-* M diminished intracellular free sodium (as determined by
fluorescence of SBFI) in astrocytes. Conversely, intracellular pH (as determined by
fluorescence of BCECF) was decreased in a dose-dependent fashion by exposure to
CNP. Both effects were mimicked by membrane-permeant analogs of cGMP, and
were most likely to be carried out by the Na+-H+ antiporter, since they were blocked by
pre-incubation of the cells with the specific inhibitor 5-N,N-(hexanethiylene)-amiloride
(HMA). In contrast, CNP and/or cGMP analogs had no effects on Na+-K+-ATPase
function nor on Na+-K+-2CI- transport. We also found that both CNP 10-6 M and 8bromo cGMP 103 M diminished the uptake of pH]-glutamate by lowering the Vm« but
without affecting the Km of this transport. This effect could be explained partially by
inhibition of the Na+-H+ antiporter, since HMA had a similar effect However,
glutamate uptake could be decreased even further by CNP in HMA-pretreated cells,
indicating that this peptide could affect glutamate uptake by an additional mechanism
independent of Na+-H+ exchange. Activation of protein kinase G (PKG) is the most
likely mechanism, since the effect of CNP was blocked by KT5823, a specific PKG
inhibitor. The effects of NP on Na+-H+ exchange and glutamate uptake in astrocytes
may constitute mechanisms by which these cells could enhance the actions of
glutamate on neighboring neurons.
(Supported by MRC and HSF Canada).

730.12
COMPARISON OF GLUTAMATE TRANSPORTER GLT-1 mRNAs
IN BRAIN AND PERIPHERAL TISSUES. Y. Kanai*, N. Tate, H.
Endou. Dept, of Pharmacology and Toxicology, Kyorin Univ. Sch.
of Med., 6-20-2 Shinkawa, Mitaka, Tokyo 181, Japan.
Glutamate transporters play central roles to keep extracellular
glutamate concentration below neurotoxic level in the central
nervous system. In peripheral tissues, glutamate transporters are
also important to absorb glutamate from intestine and kidney
epithelia and to provide cells with glutamate for nutritional
purpose. In this study, we show that glutamate transporter GLT-1
which is expressed in astrocytes in brain is also expressed in
peripheral tissues such as liver and testis in mice. In contrast to
11.3kb mRNA in brain, liver and testis express . 2.2 kb mRNA. We
have isolated four Gl T-1 cDNAs from random primed mouse brain
cDNA library and five GLT-1 cDNAs from oligo dT primed mouse
liver cDNA library. Mouse brain GLT-1 shows 98% amino acid
sequence identity to rat brain GLT-1 and has the identical Nterminus. Liver type GLT-1, however, exhibits difference in its
predicted N-terminus amino acid sequence compared to brain
GLT-1. When expressed in Xenopus laevis oocytes, both brain and
liver GLT-1 s induce Na+-dependent L-glutamate uptake. Liver
GLT-1 mRNA uses polyadenylation sites close to the stop codon
for polyA tail addition. Brain and liver GLT-1 cDNAs have different
5’-untranslated regions. This suggests that GLT-1 mRNA is
alternatively spliced at the 5-ends and that brain and peripheral
tissues possess different mechanisms for the regulation of
expression of GLT-1 gene.

WEDNESDAY PM
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DIFFERENTIAL EXPRESSION OF THE GLUTAMATE
TRANSPORTER
SUBTYPES
DURING
MOUSE
BRAIN
DEVELOPMENT. Takashi Shibata. Masahiko Watanabe. Kohichi Tanaka
and Yoshiro Inoue*. Dept. of Anatomy, Hokkaido Univ. Sch. of Med.,
Sapporo 060, and Dept. of Degenerative Neurological Diseases, National
Inst. of Neuroscience, NCNP, Tokyo 187, Japan.
The glutamate transporter terminates physiological action of
excitatory amino acid glutamate in the synapse. In the present study, in
situ hybridization was employed to clarify developmental regulation of
three glutamate transporter subtypes (GluTl (GLAST), GLT1, and
EAAC1) in the mouse brain from embryonic day 13 to postnatal day 120.
The GluTl mRNA was prominently expressed in the ventricular
(proliferative) zone throughout the brain during embryonic stages. In the
late embryonic and early postnatal development, the expression in the
ventricular zone gradually diminished and disappeared, while that in the
mantle zone increased progressively. In particular, the expression increase
was outstanding in the superficial layer of the cerebellum (Bergmann glial
cells). The GLT1 mRNA was also expressed in the ventricular zone, but
its expression was virtually restricted to the telencephalon at perinatal
stages. During the second postnatal week, the expression levels were
augmented prominently in the telencephalon, including the cerebral cortex,
hippocampal CA3, and septum. In contrast, the EAAC1 mRNA in the
ventricular zone was below the detection threshold at any developmental
stages. According to postnatal maturation, signals for the EAAC1 mRNA
increased gradually over the brain gray matter, with higher levels in the
hippocampal CA1 region and dentate gyrus. These findings suggest that
the glutamate transporter may play an important role in early differentiation
of the brain, in which the transporter subtypes would be involved
differentially.

GLUTAMATE

730.14
GLIAL SWELLING BY AP3 AND GLUTAMATE TRANSPORT INHIBITORS
IN THE RETINA C.O, Kirbv-Sharkev. Y. Izumi*. S. Mennerick. Ann M. Benz.

J. Labruvere. C.F. Zorumski. M.T.Price & J.W.Olnev
Dept, of Psychiatry, Washington Univ., School of Med., St.Louis, MO 63110.
Using rat retinal preparations, we observed a characteristic glial swelling induced
by amino-3-phnsponopropionate (AP3). Although AP3 has been widely used as an
inhibitor of metabotropic glutamate receptors (mGluRs), AP3 is also known to have
properties of mGluR agonists. Thus, we examined whether the effects of AP3 were
through the modulation of mGluRs. However, alpha-methyl-4-carboxyphenylglycine
(MCPG), a selective competitive antagonist of mGluRs, 1S3R-ACPD, DHPG or LCCG-I, agonists of mGluRs, did not produce glial swelling. Moreover, the effects
of AP3 were not prevented by the administration of MCPG or 8-bromo-cAMP. These
results suggest that the modulation of mGluR, activation or inhibition, was not likely
responsible for the glial swelling. Furthermore, the glial swelling by AP3 was not
prevented by DNQX and MK-801, antagonists of non-NMDA and NMDA ionotropic
receptors.
The glial swelling by AP3 was attenuated by replacement of extracellular Na" + but
not Cl' , and was mimicked by D,L-threo-3-hydroxyaspartate (THA), L-transpyrrolidiue-2,4-dicarbnxylic acid (PDC), glutamate transport inhibitors. Moreover,
AP3 produced a Nat+ inward current in hippocampal glial cells that was occluded by
THA. Like THA, AP3 also prolonged glutamate-mediated synaptic currents in
hippocampal neurons suggesting that AP3 inhibits glutamate uptake. These results
suggest that AP3 induces glial swelling in the retina by serving as a substrate for
glutamate transporters. Taken together, AP3 may be a useful substrate to elucidate
the mechanism of glial swelling, which is also produced by glutamate but is not
prevented by DNQX, MK-801 or MCPG.
Supported by the Diabetes Research and Training Center, AG05681, AG11355,
EY08089 and RSA MH38894.

730.15

730.16

FUNCTIONAL CHARACTERIZATION AND LOCALIZATION OF
A HUMAN EXCITATORY AMINO ACID TRANSPORTER WITH
PROPERTIES OF A LIGAND-GATED CHLORIDE CHANNEL.
W.A. Fairman. R,J. Vandenberg. J.L, Arriza. E.M. Shannon. G.H. Murdoch*.
M.P. Kavanaugh. & S.G. Amara Howard Hughes Medical Institute and Vollum
Institute, Oregon Health Sciences University, Portland, Oregon 97201.
The reuptake of excitatory amino acids (EAA's) plays an important role in
regulating synaptic and extracellular concentrations of glutamate. The functional
properties of a novel member of the glutamate transporter gene family, EAAT4,
were examined in Xenopus oocytes. Application of i .-aspartate or L-glutamate to
EAAT4 expressing oocytes generated an inward current at hyperpolarized potentials
and an outward current at depolarized potentials. In contrast to other members of
this gene family, the EAA-induced current in EAAT4 expressing oocytes had a
linear voltage dependence and reversed near the chloride equilibrium potential. This
EAA-elicited current is not solely due to the movement of cotransported ions, but
also appears to reflect a ligand-activated chloride conductance associated with the
carrier. The reversal potential of the L-aspartate-induced chloride conductance
shifted 57 ± 1.5 mV per ten fold change in [Cl- ]0, approaching the Nemst
prediction for a chloride selective conductance. Both the EAA-induced chloride
conductance and the radiolabeled amino acid flux are sodium-dependent, but flux
does not appear to depend on extracellular chloride. Comparison of the current and
radiolabeled flux observed under voltage clamp conditions suggest that the chloride
conductance represents greater than 95% of the L-aspartate induced current at
-60mV. Additional studies demonstrate that EAAT4 does not appear to activate
any known endogenous chloride channels in oocytes. Northern blotting analysis
indicates that EAAT4 is most abundant in the cerebellum, with in situ
hybridization studies indicating that. this carrier prominently expressed in Purkinje
cells. The chloride conductance associated with EAAT4 is activated by micromolar
concentrations of L-glutamate and L-aspartate at physiologically relevant membrane
potentials. Thus, EAAT4's dual properties as a ligand-gated chloride channel as
well as a transporter could regulate neuronal excitability and serve as a monitor of
extracellular EAA levels.

TOPOLOGICAL STUDIES OF THE SODIUM-DEPENDENT GLUTAMATE
TRANSPORTER FAMILY L2r .p , Seal. 2J.L. Arriza and 2.3S.G. Amara*
1 Program in Neuroscience, 2Vollum Institute and ^Howard Hughes Medical
Institute, Oregon Health Science Univ., Portland OR. 97201
In contrast to several other transporter families which appear to contain twelve ahelical transmembrane (TM) segments, the precise number and orientation of TM
domains in the sodium-dependent glutamate carriers remains unclear. Hydropathy
analyses of four human glutamate transporters, EAATsl-4, suggests the presence of
six to ten a-helical TM domains. To resolve this apparent ambiguity, the
membrane topology of the glutamate carriers was investigated by multiple
strategies. A FLAG epitope was introduced into the EAAT1 subtype in several
domains. The membrane orientation of the epitope for each FLAG-tagged construct
was determined by transfecting mammalian cells and carrying out
immunofluorescence under permeabilized and non-permeabilized conditions, as well
as by assessing protease sensitivity of the epitope in a microsomal membranecoupled translation system. To examine whether putative TM segments span the
membrane, a series of C-terminal truncations of EAAT1 were made following
putative TM segments and each deletion was linked to a prolactin reporter epitope.
These constructs were expressed in the in vitro system and examined for protease
sensitivity of the prolactin reporter as a determinant of membrane orientation. The
results of these experiments support a model in which both the N- and C-termini
are intracellular, the loop between TM domains three and four is extracellular and
the first six hydrophobic segments span the membrane, most likely as a-helices.
Studies of the last four putative Tm segments (7-10) suggests that they are

730.17

730.18
DIHYDROKAINATE (DHK) BLOCKS L-77L4NSPYRROLIDINE-2,4DICARBOXYLIC ACID (PDC) NEUROTOXICITY AND' 45CALCIUM
INFLUX IN ASTROCYTE-RICH CORTICAL CULTURES. R.C. Blitzblau. X.
Gan*, and P A. Rosenberg. Dept. of Neurol., Children's Hospital & Harvard
Medical School, Boston MA 02115.
PDC is a potent inhibitor of high affinity glutamate uptake (Bridges et al.
J.Med.Chem. 34: 717-725). Transportable inhibitors of high affinity glutamate
uptake such as PDC, DL-threo-P-hydroxyaspartate, and 1-aminocyclobutanefrwww-l,3-dicirboxylic acid have been shown to be neurotoxic by an NMDAreceptor mediated mechanism that seems to involve reversal of glutamate
transport (Blitzblau et al. Soc.Neurosci.Abstr. 20: 274). In contrast, the nontransportable inhibitor dihydrokainate (DHK), in concentrations up to 1 mM, had
no neurotoxicity in cortical cultures. In these experiments we sought to further
test the hypothesis that the toxicity of PDC was mediated by an effect on
glutamate transport, by testing whether the toxicity of of the transportable, toxic,
uptake inhibitor PDC could be blocked by the non-transportable, non-toxic,
uptake inhibitor DHK. We found that 1 mM DHK significantly reduced the
toxicity of 1 mM PDC. Survival of neurons in the presence of PDC was
increased from 29 ± 9 % to 87 ± 5 % (n = 3; p < .05). Nm Da -receptor activation
stimulates the influx of 45Ca in cortical cultures. Exposure of cortical cultures to
PDC stimulated 45Ca influx, whereas exposure of cortical cultures to DHK had
no effect on 45Ca influx. DHK at 1 mM reduced the influx of 45Ca into cortical
cultures exposed to 1 mM PDC to control levels (n = 2), supporting the results
obtained in the neurotoxicity paradigm.
This work was funded by grants from the NINDS (NS31353) and from the
United Cerebral Palsy Foundation.

Isolation and Characterization of Mouse Excitatory Amino Acid
Transporter(EAAT) Genes Marc A. KirschnelU^, and Susan G. Amara^T
Oregon Health Sciences University, Portland, Oregon 97201. Department of
Neurology 1, the Vollum Institute for Advanced Biomedical Research^ and the
Howard Hughes Medical Institute^.
A family of four distinct high-affinity sodium-dependent excitatory amino acid
transporter cDNAs lias been isolated from mouse. These reuptake carriers may
modulate neurotransmitter concentrations at the excitatory glutamatergic synapses of
the mammalian central nervous system. Mouse EAAT subtypes were isolated from
a Xzap cDNA library with PCR-generated probes. PCR reactions were performed on
mouse cerebellum cDNA with degenerate oligonucleotide primers homologous to
highly conserved regions of human and rat EAAT cDNAs. The mouse EAATs
show similarity to subtypes identified in other species. Functional expression of
specific subtypes demonstrates apparent affinity constants(Kt,s) in the 40 to 60 pM
range-values comparable to those obtained for corresponding subtypes isolated from
other species. Each transporter is prominently expressed in the CNS. EAAT2and
EAAT4 transcripts are principally found in the CNS. However, EAAT3 is highly
expressed in kidney whereas EAAT1 is expressed in lung and skeletal muscle outside
the CNS.
EAAT genes have been mapped in mouse and human genomes and subtypes have
been found to lie on syntenic chromosome regions. Neuroexcitability loci that may
have a role in mouse models of epilepsy have been found near Eaat2. Eaat2 is also
located in the vicinity of two mouse recessive disorder loci, fidget(/t) and anorexia
(anx).
We have also isolated and characterized 4 distinct EAAT genomic clones from a
ADASH library using full length cDNAs as probes. These range in size from 14 to
18 kb. Further study of EAATs will elucidate their role in mammalian development
and may provide models of neurological disease.
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membrane associated, but may not span the membrane as a-helices. Further
investigation into the topology of this region is currently underway.
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MOLECULAR KNOCKOUT OF NEURONAL, BUT NOT GLIAL,
GLUTAMATE TRANSPORT PRODUCES EPILEPSY. MDvkes-

Hoberg1*, LA Bristol1. Y Wang2. G Schielke2 D Welty2. and JD Rothstein1. 'Johns
Hopkins Univ, Dept, of Neurology, Baltimore, MD 21287, and 2Parke-Dayis, Ann
Arbor, MI.
Glutamate transport is believed to be essential for the inactivation of synaptically
released glutamate. Three glutamate transporters have been cloned; EAAC1 is specific
for neurons, while GLT-1 and GLAST have an astroglial localization. Both EAAC1 and
GLT-1 have the highest brain expression in the hippocampus. To understand the relative
role of each transporter in glutamate neurotransmission, antisense oligonucleotides
(ODN) were used to selectively inhibit the synthesis of individual transporter subtypes.
Antisense ODN were administered intraventricularly over a 7 day period by mini-osmotic
pumps (l p.L,hr; 1 Onmoles/day). Hippocampal EAAC1, GLT-1, and GLAST protein
levels were each decreased by more than 50% after one week of individual chronic
antisense treatment, as determined by semi-quantitative immunoblot analysis. Functional
glutamate transport was decreased in hippocampus by about 20% after EAAC1 antisense
ODN, 50% after GLT-1 antisense ODN, and 20% after GLAST ODN. Furthermore, sense
ODN and random ODN (containing identical proportions of each nucleotide) for each
transporter did not alter transporter protein levels, functional transport, or have behavioral
effects. Preliminary microdialysis studies indicated that antisense knockout of glutamate
transporter elevated extracellular glutamate levels. Behaviorally, after 3 days treatment,
4 out of 8 EAAC1 antisense treated animals developed hyper-irritability, and stimulusevoked tonic seizures. By 7 days of treatment, 7 out of 8 EAAC1 antisense treated rats
exhibited tonic, and occasionally tonic-clonic seizures. Only 2 out of 11 GLT-1 antisense
treated rats developed tonic seizures and none of the 10 GLAST antisense treated rats
developed seizures after 7 days of treatment. These studies suggest that dysfunction of
neuronal glutamate transport, and to a small extent glial glutamate transport, contributes
to glutamate induced seizures.

STRUCTURE AND FUNCTIONAL CHARACTERIZATION OF
GLUTAMATE TRANSPORTER cDNAS AND GENES. K, Tanaka 1*.
T. Hagiwwar, Y. Mukainakak T.Shibatatq M.Watanatxb an(| k ,
WadaJ iDept. of Degenerative Neurological Diseases, National Inst,
of Neuroscience, Kodaira, Tokyo 187 ; ^Dept. of Anatomy, Hokkaido
Univ. Sch. of Med., Sapporo 060.
Glutamate is the major excitatory neurotransmitter in the central
nervous system. Like many small neuroactive compounds, it is thought
that the physiological action of glutamate is terminated by Na+dependent high affinity transport proteins that are found in the plasma
membrane of both presynaptic nerve terminals and glial cells.
We have isolated mouse cDNAs and genes encoding three subtypes
of glutamate transporters(two are of glial, one of neuronal origin). The
amino acid sequences of the three transporters are very similar to each
other, displaying -50% identity and -60% similarity. The
pharmacological properties and the tissue distribution of the mouse
three glutamate transporters are almost identical to those of glutamate
transporters previously isolated from other species.
Genomic organization of the two subtypes of glial glutamate
transporters shows closely related exon-intron arranggmgnts(thgy
contain 10 exons interrupted by 9 introns). On the other hand, the gene
encoding the neuronal subtype of glutamate transporter is comprised of
12 exons.
The cloning and functional analyses of mouse three subtypes of
glutamate transporter cDNAs and genes provide a basis for future
research into the structure, function, pharmacology and the in vivo
functional roles of glutamate transporters.

730.21

730.22

CHARACTERIZATION OF THE RELEASE OF DOPAMINE AND 1METHYL-4-PHENYLPYRIDINIUM(MPP-f) THROUGH THE RAT
DOPAMINE TRANSPORTER EXPRESSED IN COS CELLS. JL
Kitnyama*, K. Morita and T. Dohi. Dept, of Pharmacology, Hiroshima
Univ. Sch. of Dentistry, Kasumi 1-2-3, Minami-ku, Hiroshima 734,
JAPAN.
In addition to the principal role of neurotransmitter transporter in
terminating synaptic transmission by reaccumulating released neurotransmitter, revasal of the transport process participates in the
neurotransmitter release observed in a certain physiological condition
while distinguishable from vesicular release. To explore physiological
relevance of the transporter-mediated release in correlation to the action
of psychostimulant such as cocaine or neurotoxin, we characterized the
release of dopamine(DA) and the parkinsonism-inducing neurotoxin 1methyl-4-phenylpyridmium(MPP+) through the rat DA transporter
expressed in COS cells. COS cells expressing the transporter revealed
the ability to release the preloaded pH] DA and pH] MPP4 in different
degrees and time-course. Release of pH] DA was enhanced in the
presence of extracellular DA, but not affected by cocaine or GBR12935. On the other hand, release of pH] MPP+ was enhanced by DA
and MPP+, while it was inhibited by cocaine, nomifensine and GBR12935. These different properties between the transporter-mediated
releases of DA and MPP+ suggest the different mode of translocation I
reorientation of the transporter for these substrates. This might be
important for the re-distribution of substrates for the transporter,
especially for the neurotoxic substance such as MPP+.

GLUTAMATE UPTAKE IS UNCOUPLED FROM THE COUNTERTRANSPORT
OF HYDROXYL EQUIVALENTS BY. VERY LOW CONCENTRATIONS OF
HgCly T. N. Naearaia and N. Brookes*. Dept. of Pharmacol. & Exptl. Therap.,
Univ. of Maryland Sch. of Med., Baltimore, MD 21201.
Uptake of l -GLU acidifies astrocyte cytoplasm (Brookes & Turner,
NeuroscL Lett. 160:73, 1993) consistent with OH“ countertransport (Bouvier
et al., Nature 360:471, 1992). We examined the effect of HgCl2 on
intracellular pH (pHj) using the fluorescent pH indicator BCECF in mouse
cerebral astrocytes grown on glass coverslips. In HEPES/Tris-buffered solution
(pH 7.4, 35°C; containing ~0.1 mM HCO3- derived from air), 100 nM HgC^
transiently acidified pHj by 0.095 ±0.008 (SE, N=13), but did not affect the
response of pHj to acid loading with 30 mM propionate or to alkaline loading
with 10 mM methylamine, indicating that buffering capacity and acid
extrusion were unaffected. Alkalinization induced by 9 mM K+ (Brookes &
Turner, An. J. Physiol. 267:0633, 1994) was 52% inhibited (p<0.001) by 100
nM HgCl2, but 'unaffected by 50 nM. Acidification induced by 100 pM l -GLU
(ApHj, see Fig.) was completely blocked by
100 nM HgCl2, and partially blocked by
[HgCy as low as 10 nM (p<0.05). Yet,
uptake of 100 /iM [3H]-l -GLU was not
inhibited by 100 nM HgCl2 (Brookes &
confirmed here). Possible interpretations
are that, in the presence of very low
[HgCy, the Na+-L-GLU symport can
countertransport Cl“ or HgCl3“, or is
uncoupled from anion countertransport.
(Supported by USPHS grant ES03928).

730.23
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DOWN REGULATION OF GLIAL GLUTAMATE TRANSPORTERS
FOLLOWING FIMBRIA-FORNIX (FF) TRANSECTIONS AND
CORTICOSTRIATAL LESIONS. JD Rothstein*1. ' LJ Martin2 and SD Ginsberg2.

LOCALIZATION AND CHARACTERIZATION OF HIGH AFFINITY
GLUTAMATE TRANSPORTERS IN RAT RETINA. T. Rauenand K,
KuhJbrodt. Max-Planck-Institut fur Himforschung, 60528 Frankfurt,
Germany.
The major component of excitatory neurotransmission in the mammalian
central nervous system is mediated by L-glutamate. Termination of such
neuronal activity is achieved by sodium-dependent, high affinity uptake
systems located in glial cell processes or in presynaptic nerve endings. To date,
three related but distinct glutamate transporters have been cloned: GLT-1 and
GLAST-1 from rat brain as well as EAAC-1 from rabbit intestine. The retina
provides an excellent model system to investigate the cellular localization,
function and molecular properties of these transporter molecules, because of its
highly ordered anatomical organization, particularly with regard to the
glutamatergic circuitry.
Reverse transcribed-polymerase chain reaction of rat retina mRNA, using
specific primers for GLAST-1, GLT-1 and EAAC-1, revealed the presence of
message for all three transporter subtypes in the retina. Immunocytochemistry
indicated that Muller glial cells are exclusively reactive for GLAST-1, whereas
GLT-1 is restricted to cone photoreceptors and a subpopulation of cone bipolar
cells. Comparative immunoblots of retinal membrane proteins using polyclonal
antibodies against GLAST-1 and GLT-1 revealed a significantly higher content
of GLAST-1 transporter protein in retinal tissue. Additionally, accumulation of
L-pH]glutamate occurs predominately in Muller glial cells.

'Dept, of Neurology, and2Neuropathology Laboratory, The Johns Hopkins University
School of Medicine, Baltimore, MD 21287.
High-affinity sodium-dependent glutamate transport is the primary means to maintain
low extracellular glutamate levels. Three glutamate transporters have been cloned:
EAAC1 is l^alized to neurons, while GLT-1 and GLAST are astroglial. The expression
of glutamate transporter subtypes in rats was evaluated following: 1) unilateral FF
transections to disrupt glutamatergic hippocampallsubicular efferents to the septum and
hypothalamus, or 2) unilateral lesions of motor-sensory cortex to remove glutamatergic
corticostriatal input. The hippocampus and striatum were collected from animals
sacrificed at 3, 7, 14, and 30 days and tissue homogenates were 1) assayed for functional
glutamate transport md 2) immunoblotted using GLT-1, GLAST, EAAC1, and GFAP,
a marker for astrocytes. GLT-1 and GLAST immunoreactivity was significantly
decreased in hippocampus ipsilateral to the FF transections at 7 and 14 days postlesion,
and total hippocampal glutamate transport was decreased ipsilaterally by 50% at 7 and
14 days postlesion. GLT-1 and GLAST immunoreactivity was significantly decreased
within the striatum ipsilateral to the cortical-callosal lesions at 7 and 14 days postlesion,
and total striatal glutamate transport was decreased ipsilaterally by 60% at 7 and 14 days
postlesion. By 30 days postlesion, glial glutamate transporter protein immunoreactivity
md functional glutamate transport returned to control levels. The decrease in astrocytic
glutamate transporters was associated with an increase, rather than a decrease, in GFAP
immunoreactivity. No significant changes in EAAC1 immunoreactivity were observed
at any of the postlesion time points. This study demonstrates that alterations in glial,
rather than neuronal, glutamate transporters occur following axotomy of glutamatergic
pathways. We hypothesize that glial glutamate transporters may play a dynamic role in
plasticity associated with hippocampal and striatal disconnection.
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These results suggest that Muller glial cells are responsible for the
removal of most synaptically released glutamate in the retina, and that this
uptake is mediated by GLAST-1.
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UPTAKE AND TRANSPORTERS:

GLUTAMATE
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MOLECULAR CHARACTERIZATION OF GLUTAMATE
TRANSPORTER SUBTYPES IN THE SALAMANDER RETINA.
J.L. Arriza*. S.D. Eliasof. M.P-. Kavanaugh. C.E. Jahr. and S.G.
Amara. Vollum Institute, OHSU, Portland OR 97201
Electrogenic glutamate transporters have been characterized previously
in photoreceptors and in glial cells isolated from the salamander retina.
The glutamate-evoked current in cone cells exhibits many of the
properties of the prototypic glial cell glutamate transporter (i.e., sodiumdependence and similar pharmacology) but differs in that much of the
cone cell current appears to be carried by chloride ions. To investigate
the molecular basis of this difference and to characterize the properties
and distribution of subtypes expressed in this model system, we have
isolated glutamate transporter cDNAs from salamander retina. Evidence
for the expression of seven distinct subtypes was obtained by nucleotide
sequencing of partial cDNAs isolated with polymerase chain reaction.
Four different functional glutamate transporters subtypes, termed SR6,
SR24, SR27, and SR30, were subsequently isolated from a salamander
retina cDNA library. These transporters exhibit structural similarities
with human glutamate transporters (J. Neurosci. 14: 5559,1994); SR6
has 92% sequence similarity to EAAT1, SR24 and SR27 have 92% and
85% similarity to EAAT2, and SR30 is a novel subtype with no
reported mammalian counterpart. Using two electrode voltage clamp
recordings from Xenopus oocytes expressing synthetic RNAs, we find
that each subtype exhibits sodium-dependent inward currents in
response to application of excitatory amino acids. SR24 and SR27 are
inhibited by low micromolar kainate. We are currently determining the
localization of these transporters in the retina by in situ hybridization and
immunocytochemistry.

ION FLUXES THROUGH EXCITATORY AMINO ACID
TRANSPORTERS J.l, Wadiche. E.W. McCleskev*. S.G. Amara. and M.P.
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Kavanaugh. Vollum Institute, OHSU Portland, OR 97201.

Currents and uptake of radiolabeled excitatory amino acids mediated by
cloned human excitatory amino acids transporters (EAAT 1 -3) were measured
under voltage clamp in Xenopus oocytes. Consistent with a model predicting
translocation of net positive charge with each transport cycle, superfusion of
the transport substrate D-Asp induced inward currents in oocytes expressing
EAAT2 which did not reverse at potentials up to +80mV. In contrast, D-Asp
induced currents which reversed in oocytes expressing EAAT1 (Erev = +9.3 ±
0.7 mV; n=46) and EAAT3 (Erev = +38.0 ± 2.7 mV; n=28). The reversal
potentials of the EAAT1 and EAAT3 currents shifted 54.1 ±1.8 (n=5) and
53.7 ± ±. 4 mV (n=5) per Idfokt change in [ClCout- The outwara currentn were
abolished upon substitution of extracellular chloride with gluconate. The
component of the current carried by chloride was resolved by subtraction of
currents recorded before and after depletion of internal chloride andexternal
chloride; this current reversed near Eci- For EAAT1, the quantity of charge
translocated per molecule of [3H]D-Asp varied as a function of membrane
potential (from +3.5 oo at -100mV to -2.5 oo at +25mV) and was approximately
+1 at Eci or when chloride ions were absent. The uptake of [3H)D-Asp was not
thermodynamically coupled to the chloride electrochemical gradient. The
selectivity sequence of the excitatory amino acid-activated conductance was
NO3">l'>Br">C|r>F">ggluconate'. The results suggest that the net current
flowing through the transporter reflects translocation of one net positive
charge per transport cycle plus a second current resulting from activation of a
gated channel-like activity. This novel behavior provides a potential
mechanism for the transporters to dampen cell excitability in addition to
removal of transmitter.

730.27
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POSSIBLE REGULATION OF GLUTAMATE UPTAKE BY
SECOND MESSENGERS J.G. Ortiz*. O_ Claudio, GL.
Santiago, M. L. Cordero. and J. Nieves. Dept,
of Pharmacology, Univ. of Puerto Rico Medical
School, PO Box 365067, San Juan, Puerto Rico
00936-5067
Glutamate (GLU) reuptake is the primary
mechanism for its removal from the synapse.
Several GLU transporters have been cloned.
Glycosylation and possibly protein kinase C
(PKC) appear as a common feature of the cloned
transporters (Kanai et al., 1993). GLU uptake
is increased in whole mouse brain synaptosomes
preincubated with NO synthase inhibitors
aminoguanidine or nitroarginine, implying that
NO inhibits GLU uptake. Arachidonic acid also
inhibits GLU uptake. Pertussis toxin, a
G^-protein inhibitor markedly reduces GLU
uptake, while 1.0 mM Li+, possibly by
inhibiting phophatidylinositol turnover,
potentiates it. These observations suggest
possible regulation of GLU uptake by second
messengers. Many of these effects are not
observed in synaptosomes from mice with
genetic audiogenic seizures, pointing to the
possible relevance of these observations to
experimental epilepsy. (Supported by the
NIH/MBRS, RCMI and CIDIC Institutional
Programs and Animal Resource Center).

PHARMACOLOGY AND REGULATION OF THE RAT SODIUMDEPENDENT GLUTAMATE TRANSPORTER, EAAC1. L.A. Dowd .*1 A.J.
Coyle.1 J.P. Rothstein.2 and M.B. Robinson1. ’Children's Seashore House,
Depts. of Peds and Pharm., Univ. of Penn., Philadelphia, PA 19104; 2 Dept. of
Neurology, The Johns Hopkins Univ., Baltimore, MD 21287.
Recently, three distinct cDNAs (EAAC1, GLT1, and GLAST) encoding
SDHA Glu transporters have been isolated but these transporters do not fully
reconstitute the pharmacology of transport observed in brain tissue. The first
purpose of the present investigation was to determine if EAAC1 reconstitutes
the properties of transport observed in synaptosomes, C 6 glioma, or primary
astrocyte-enriched cultures. Glu transport into EAAC1-injected oocytes and
C6 glioma have similar affinities for Glu and sodium, and these values
markedly differ from those observed in rat synaptosomes. Several excitatory
amino acid (EAA) analogs were tested as inhibitors of L-p H]-Glu transport in
oocytes expressing EAAC1 cRNA. Although EAAC1-mediated transport and
cortical synaptosomal transport have similar pharmacological profiles, five
EAA analogs were at least 3-fold more potent as inhibitors of cortical
synaptosomal transport than as inhibitors of EAAC1-mediated transport. In
contrast, all of the compounds examined inhibit transport observed in C 6
glioma with similar potency to that observed in oocytes injected with EAAC1
cRNA. Consistent with these data, C6 glioma express EAAC 1-like
immunoreactivity. The molecular weight of EAAC1 . in C6 glioma is, however,
7-10 kDa larger than the protein recognized in crude cortical synaptosomes.
At present it is unclear if this difference in glycosylation contributes to the
pharmacological differences observed in C6 glioma and synaptosomal
membranes. Activation of PKC by TPA caused a 2.5-fold increase in EAAC1
Glu transport and this increase was due to an increase in V max with no change
in Km. This increase in activity was observed within 2 minutes and remained
elevated for at least 60 minutes. (NS29868)

SECOND MESSENGERS:
731.1

731.2

DESENSITZATION OF A CATIONIC CONDUCTANCE ACTIVATED
BY METABOTROPIC GLUTAMATERGIC AND MUSCARINIC
RECEPTORS IN CA3 NEURONS IN VITRO: ROLE OF G-PROTEINS.
N.C. Guerineau- J.-L. Bossu. B.H. Gahwiler and U. Gerber*
Brain Research Institute, University ofZurich, CH-8029 Zurich, Switzerland

Desensitization of responses mediated by activation of metabotropic
receptors is a commonly observed phenomenon. In the case of the cationic
conductance activated by bath-application of 1S,3R-ACPD or MCh, the
desensitization is characterized by a decrease of 50 % in the current amplitude
when the agonist is reapplied 3 minutes after the initial application. This
desensitization occurs at the second messenger level rather than at the receptor,
since the second response to agonist is still reduced when neurons were exposed
first to 1S,3R-ACPD and second to MCh, or vice versa. Interestingly, the
desensitization appears to be related to activation of a G-protein. In the
presence of GTPyS (500 pM, non-hydrolyzable analogue of GTP) in the patchpipette, the first application of 1S,3r -ACPD or MCh is already desensitized
(50% of the amplitude of control cells). By contrast, intracellular dialysis with
high concentration of GDPpS (1 mM, non-hydrolyzable analogue of GDP)
inhibits the desensitization process such that the cationic current amplitude is
greatly enhanced (-200 % of the control response) and in most cells persists
without returning to baseline. In further experiments, we show that the Gprotein involved in the desensitization is pertussis toxin-insensitive. We are
now attempting to determine whether this G-protein is directly linked to the
cationic channel or is coupled to subtypes of mGluRs and muscarinic receptors
different from those responsible for the cationic current.
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SIGNALLING PATHWAYS OF THE DOPAMINE D2S RECEPTOR:
DISSECTION USING PERTUSSIS TOXIN-INSENSITIVE G
PROTEIN MUTANTS M.H.Ghahremani* and P.R.Albert. Department of
Pharmacology and Therapeutics, McGill University, Montreal .Canada H3G 1Y6.
The dopamine D2S receptor couples to multiple signalling pathways through
pertussis toxin (PTX) sensitive heterotrimeric guanine nucleotide binding proteins
(Gj/J. When transfected in Ltk- fibroblast cells (LD2S), the dopamine D2S receptor
decreases forskolin-stimulated cAMP levels and increases both PI turnover and
calcium mobilization (Liu et al., 1992), actions which were blocked by PTX
pretreatment. In order to investigate the different subtypes of G^ that mediate D2S
signalling, mutation of the Gj/G0 proteins which render them insensitive to PTX
treatment were made. The C-terminal Cys residue in the a subunit of G^ proteins
(c^,, Oji, cj and a^) was converted to Ser by site-directed mutagenesis. The mutant
G proteins were separately transfected in LD2S cells and clones were detected by

Northern analysis. The amount of protein expressed in each clones was determined by
Western Blot using antibodies against Go or G,i^. In non-transfected cells G^ was
found to be the dominant Gjo protein expressed endogenously at both mRNA and
protein level; Go was at the limit of detection. Clones transfected stably with mutant
G proteins showed levels of specific mRNA and protein expression which varied
from one to several-fold endogenous levels of G protein. To study the role of these G
proteins in signalling of the D2S receptor, [Ca++]i was measured by using Fura-2 in
clones expressing mutant G proteins. Clones that express amounts of mutant G

protein comparable to endogenous levels were treated with PTX. (50 ng/ml, 16h).
This eliminates the function of endogenously expressed G^ which are PTX sensitive
while the mutant G protein remains unaltered. Preliminary results indicate that the
D2S receptor couples most strongly to Go over Gu or Gj2 to enhance calcium
mobilization. The role of G protein subtypes in receptor coupling to adenylyl cyclase
and PI turnover is being examined. The mutant G proteins provide a useful tool for
the investigation of G protein coupling to receptors.
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ANTISENSE KNOCKOUT OF THE STIMULATORY-TYPE
G-PROTEIN, GOLF, IN THE RAT BASAL GANGLIA.
L.A. Williams*. S. Das & S.R.Vincent. Dept. Psychiatry, Div. Neuroscience,
University of British Columbia, Vancouver, B.C., Canada.
Stimulatory-type guanine nucleotide binding proteins (G-proteins) couple
neurotransmitter- and hormone- activated receptors to the stimulation of
adenylyl cyclase, an enzyme that catalyzes the synthesis of the intracellular
second messenger, cyclic adenosine monophosphate (cAMP).
We have

previously shown that G-olfactory (Golf)a protein and its mRNA are
selectively localized to the neural tissue of the caudate-putamen, nucleus
accumbens, and olfactory tubercle. Striatonigral and striatopallidal nerve
terminals appear also to contain Golfa protein. This distribution suggests that
Golfa may couple the D1 dopamine and or A2a adenosine receptors found in
these brain regions to adenylyl cyclase. To investigate this possibility, we
have used intrastriatal antisense injections with oligonucleotides

complementary to bases surrounding the initiation region of Golfa mRNA,
while oligonucleotides complementary to this region in Gsa mRNA have been
used as control.
Oligonucleotides are 17-20 bases in length with a
phosphorothioate modified backbone.
Immunohistochemistry of the rat
striatum at 24 and 48 hours post injection show block of Golf protein
expression by Golf antisense oligonucleotides, while Western blots confirm the
loss of a 43-44 kD protein, consistent with the loss of Golf. These antisense
oligonucleotides will be used to investigate the functional role of Golf in the
brain.

MONONUCLEAR LEUKOCYTE G-PROTEIN LEVELS AND
FUNCTION IN MAJOR DEPRESSION: EFFECTS OF ANTIDEPRESSANT TREATMENT. L. T, Young*. P. P. Li and J. J. Warsh.
Dept. Psychiatry, McMaster Univ. Hamilton, ON, L8N 3Z5 and Clarke
Instit. Psychiatry, Toronto, ON, Canada.
The molecular pharmacology of antidepressants (ADs) suggests their
site of action may be in the P-adrenoceptor-G-protein-adenylyl cyclase
pathway. In the present study levels of G-proteins which regulate
adenylyl cyclase (AC) activity and function were measured in
mononuclear leukocytes (MNLs) obtained before and after 5 weeks of
AD treatment in 12 subjects with major depressive disorder (MDD).
MNLs were obtained from drug-free (>10 days) outpatients meeting RDC
criteria for MDD and a Ham-D score >16. G-protein (as and a^ levels
were determined by immunoblotting and AC (basal, GTPyS-stimulated
100 ftM, Forskolin-stimulated 10 ftM) were determined with a
radioimmunoassay. There were no pretreatment differences in either Gprotein levels or functionality in patients compared with controls.
Responders (1.83+0.26 pmol/mg/min, N=6) but not nonresponders
(3.06+0.52, N=6) showed lower basal AC activity compared with controls
(2.45+0.33, N=12, T=2.73, df!6, p<0.01). Furthermore, there were no
significant differences pre- and post- AD treatment in as or at, levels or
in GTPyS- or forskolin-stimulated AC activity in the depressed patients
as a whole or when subgrouped into responders and nonresponders.
These data do not support a G-protein mediated action for AD in the
treatment of MDD. Desensitization of the AC signalling pathway may
be present in treatment responders as suggested previously.

731.5

731.6

CORTICOSTERONE ALTERS G PROTEINS IN THE HIPPOCAMPUS.
D.Y. Okuhara*. S.G. Beck, and N.A. Muma. Dept. of Pharmacology. Loyola
University Medical Center. Maywood, IL 60153.
The highest concentration of glucocorticoid receptors is located in the
hippocampus, an area of the brain associated with memory and emotions.
Several laboratories have demonstrated that the glucocorticoid corticosterone
(CT) alters the response of several neurotransmitter receptors in the
hippocampus that are linked to several types of G proteins. We used Western
blot analysis and immunohistochemistry to determine the effects of CT on G
protein a-subunit (Gs, G^ and 2 and Go) levels and distribution in the hippocampus. Four treatment groups were used in our investigation: SHAM, ADX
(bilateral adrenalectomy); BS (ADX + 12.5 mg CT pellet to produce basal
plasma CT levels); HCT (ADX + 300 mg CT pellet to produce stress levels of
CT in the plasma). Treatment was for 2 weeks. In Western blots ADX had no
effect on G protein levels when compared to SHAM animals. BS increased Gs
levels while HCT increased the levels of Gs, Gn and 2 and Go when compared
to SHAM. In immunohistochemistry experiments, BS increased Gs levels in
subfield CA3 when compared to ADX. BS increased Go levels in CA1 when
compared to SHAM. BS also increased Go levels in the dentate when
compared to ADX, SHAM, and CT. We conclude that 1) CT does not alter the
intracellular distribution of G proteins in the hippocampus, 2) CT alters the
G protein levels in the hippocampus and 3) changes in G protein levels may be
a compensatory response. Supported by MH-00880 and NS-28512 to S.G.B.
and BRSG784 to N.A.M. and S.G.B.

DIFFERENTIAL DOWN REGULATION OF MORPHINE AND MORPHINE-6-pGLUCURONIDE ANALGESIA IN THE RAT BY MOR-1 AND G-PROTEIN
ANTISENSE OLIGODEOXYNUCLEOTIDES. Rossi. G.C.*. Standifer. K.M.. and
Pasternak. G.W.. Cotzias Laboratory of Neuro-Oncology, Memorial Sloan Kettering
Cancer Center and Department of Pharmacology and Neurology, N Y, NY 10021.
Opioid actions are mediated through G-protein coupled receptors. The recent
cloning of the four families of opioid receptors (p, 8. k, and k3 ) has confirmed
their place in the seven transmembranc superfamily. Raffa et al (1994) showed
that antisense oligodeoxynucleotides (ODN's) to G,a2, but not G,al or G,a3
decreased morphine analgesia in mice. Using this strategy and a strategy developed
against 6 and k , opioid receptors, we examined an antisense sequence directed
against the 5' non-coding region of the MOR-1 clone and three G-protein ODN's
(Qa 1, G,a2 and Goa). Rats were injected into the periaqueductal gray with MOR-1
antisense or it's mismatch (4 bases changed) on Days 1, 3, and 5. Morphine, DADLE
or morphine-6-gIucuronide (M6-G) analgesia was then assessed after 24 hours. Other
rats were injected with antisense ODN's to G,a 1, G,a2 or Goa .Thirty-eight to fourtyfour hours after the antisense treatment (25 pg) rats were given morphine (2.5 pg) or
M 6-G (18 ng) and tested for analgesia. Morphine antinociception was significantly
reduced by G,a2 antisense, and the MOR-1 antisense ODN. In contrast, M6-G
antinociception was blocked by G,a I antisense, but not the MOR-I antisense ODN.
Both morphine and M6-G induced analgesia were unaffected by administration of Goa
antisense. DADLE analgesia was also significantly reduced by the MOR-1 antisense
sequence. Over a period of 4-5 additional days, the animal's analgesic state returned to
those values consistent with that of controls. These observations raise the possibility
that M6 -G, a morphine metabolite, may be mediated through an analgesic system
distinct from that of two other mu, agonists, morphine and DADLE.

731.7
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MORPHINE- (ft), NALBZOH- (k }, AND MORPHINE-6p-GLUCURONIDE(M6G) MEDIATED ANALGESIC SYSTEMS ARE DIFFERENTIALLY
BLOCKED BY ANTISENSE DNA DIRECTED AGAINST DISTINCT GPROTEIN a SUBUNITS. Standifer, K.M.4. Rossi, G-C1, and Pasternak, G.W.
Cotzias Laboratory of Neuro-Oncology, Memorial Sloan-Kettering Cancer
Center, New York, NY 10021.
Opioids mediate analgesia through distinct spinal and supraspinal pathways,
each pathway containing at least one m , 6, and k receptor subtype. Opioid receptor
activity is pertussis-toxin sensitive, indicating G-protein a subunit involvement.
Recently, several groups have tried to determine those G-protein a subunits
responsible for mediating opioid analgesia. Administration of antisense DNA directed
against G,a2, but not G;al or G,a3, reduced supraspinal morphine analgesia in mice
tested 18-24 hr later (Raffa et al., 1994, Eur. J. Pharmacol., 258, p.R5 ). We now

EFFECT OF CHRONIC ADMINISTRATION OF ANTIDEPRESSANTS ON
THE LEVELS OF VARIOUS SUBTYPES OF G-PROTEINS (Gsa, Gp, G^e)
IN RAT BRAIN. Y. Dwivedi*. S ,C. Pandev. and G.N. Pandev. Dept, of
Psychiatry, University of Illinois at Chicago, IL 60612.
Antidepressants have been shown to cause changes in neurotransmitter
receptors and second messenger systems. Several receptors are coupled to
effector proteins through G proteins. In order to examine the role of G
proteins in the mechanism of action of antidepressants and anti-anxiety
drugs, we studied the effect of these drugs on the levels of expressed Gs®,
G,a, and G^ct subunits in rat cortex and hippocampus. Male SpragueDawley rats were given i.p. injections of desipramine (10 mg/kg), lithium
chloride (2 meq/kg, twice) phenelzine (10 mg/kg), alprazolam (10 mg/kg),
buspirone (10 mg/kg) and mCPP (10 mg/kg) daily for 15 days. The rats were
sacrificed 24 hrs. after the last injection. The levels of expressed Gsa, Ga
and G^ua were quantified by Western blotting using specific antibodies in
cortices and hippocampi of rats treated with different drugs. We observed
that lithium caused a significant decrease in the G,a subunit (36%) in both
cortex and hippocampus, while immunolabelling of Gs<a and G,a remained
unchanged. There was no significant change in the levels of Gsa, Gp and
Gq/nff proteins in cortex or hippocampus after desipramine and phenelzine
treatment. We did not observe significant changes in immunolabelling of any
of the G protein subunits after treatment with alprazolam, buspirone, or
mCPP. However, the immunolabelling of G,a protein in cortex after buspirone
treatment tended to decrease and Gsa protein in cortex of desipraminetreated rats tended to increase, although it did not reach a statistically
significant level. These results suggest that Gp protein may be related to the
mechanism of action of lithium.

present data indicating /*-, k 3-, and M6G-mediated analgesic systems show distinct
sensitivity profiles to antisense directed against various G-protein a subunits. Mice
(male, CD-I, 25-30 g) were injected with antisense to G,ul, G;c2, G,a3 or Goa (5 Mg,
i.c.v.). The effects of this supraspinal antisense DNA treatment on morphine- (700
ng, i.c.v.), M6G - (20 ng, i.c.v.) or NalBzoH- (15 Mg, i.c.v.) mediated analgesia was
assessed using the radiant heat tailflick assay. NalBzoH-induced analgesia was
completely blocked 24 hours after administration of G.nl, G,a3 or G0C1 antisense
DNA (p <0.01), but was unaffected by G;a2 antisense DNA treatment. Morphineand M6G-mediated analgesia were reduced only by administration of antisense DNA
directed against G,a2 (p<0.01) or G,al (p<0.05), respectively. These results are
consistent with the existence of distinct m - and k -mediated analgesic systems (as well
as distinct morphine- and M6G-induced antinociceptive systems), and underscores the
complexity of opioid-mediated antinociception.
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ANTISENSE CONSTRUCTS DIRECTED AGAINST GaQJu REDUCE
MUSCARINIC M-CURRENT INHIBITION AFTER INTRANUCLEAR
INJECTION IN RAT SYMPATHETIC NEURONS F.C. Abogadie, D. A.
Brown. M.P. Caulfield. J.E. Halev. Y. Vallis. and N.J. Buckley* Wellcome
Laboratory for Molecular Pharmacology, University College London, Gower
St, London WC1E 6BT, UK.
Our previous studies with injections of antisera against the Cterminal decapeptide of G-proteins established that G„g and/or Ga1i are
involved in the transduction of M-current inhibition by muscarinic receptor
agonists (Caulfield et al. (1994), J.Physiol., 477,415). Such antisera do not
discriminate functionally between G^ and G«ii, so we have explored the
use of constructs expressing sequences antisense to parts of G-protein
gene sequences, as more specific tools to define G-protein involvement in
muscarinic receptor modulation of the M-current.
Intranuclear injection of rat cultured superior cervical ganglion
neurons was achieved using a variant of our method for injection of
antisera; we verified injection by inclusion of fluorescein-isothiocyanate
labelled dextran, Which also enabled identification of injected cells 2 days
later. In a parallel series of experiments, we established that cells injected
in a similar manner wth a cytomegalovirus promoter-driven pgalactosidase expressed functional protein 2 days after injection. Two
days after injection with the “antisense” construct, cells had highly
significant reductions in immunocytochemically-detectable Gag/11. This
was accompanied by a reduction in M-current inhibition by oxotremorine-M
(1pM) from 64%±9.2% (“sense”-injected cells) to 28.8%±4% in antisenseinjected neurons (n=4). These data encourage us to believe that
antisense-expressing constructs will be useful tools for defining the
functions of proteins involved in signal transduction in primary neurons.

CHRONIC ANTIDEPRESSANT TREATMENT INCREASES COUPLING
BETWEEN THE G PROTEIN, Gs AND TYPE VI ADENYLYL CYCLASE.
J. Chen. K. Chanev and M. M. Rasenick*. Dept, of Physiology and Biophysics,
University of Illinois College of Medicine, Chicago, IL 60612
Earlier studies from this lab have suggested that chronic antidepressant treatment
(electroconvulsive shock, tricyclic and atypical compounds) increases the coupling
between Gsa and adenylyl cyclase, without changing the intrinsic activity of these
proteins. More recently, these studies were repeated on cultured Q6 glioma cells where
it was demonstrated that chronic treatment with several antidepressant drugs showed a
similar augmentation of GppNHp-stimulated adenylyl cyclase without altering the
intrinsic activity of that enzyme (J. Neurochem, 64:724-732, 1995). These results
suggested that antidepressants had a direct post-synaptic effect, and that the target of
antidepressant action was some component of the membrane or cytoskeleton which
regulated coupling between Gsa and adenylyl cyclase. Rats were treated chronically
with ECS, amitriptyline, desipramine or amphetamine and membranes were prepared
from cerebral cortex. The ability of Gsa to stimulate adenylyl cyclase was enhanced
in all but the amphetamine group. Western blotting with a battery of antibodies
against Ga or G(3y showed no change in the expression of these proteins.
Immunoprecipitation of membrane extracts with an anti-Gsa antibody showed that,
despite no change in Gs expression, about 50% more adenylyl cyclase activity was
precipitated from the antidepressant treated animals. In order to probe the nature of the
increased coupling between Gsa and adenylyl cyclase, various cells were treated with
antidepressants. While cells displaying Ca2+-inhibited adenylyl cyclase (C6, SK-NSH) showed increased activation of that enzyme by GppNHp or forskolin after
antidepressant treatment, cells without Ca2+ inhibited adenylyl cyclase (COS-1, HEK
293) showed no changes in enzyme activity. This was investigated further by treating
HEK 293 cells which expressed type VI adenylyl cyclase (from J. Krupinski) with
amitryptiline. In the type Vl-expressing cells (but not the controls), chronic
antidepressant treatment increased GppNHp-activated adenylyl cyclase. Thus, it is
possible that Ga interactions with type. VI adenylyl cyclase are enhanced preferentially
by chronic antidepressant treatment.

731.11
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TUBULIN REGULATES Gaq-MEDIATED PHOSPHOLIPASE Cpi
SIGNALING. J. S. Popova1*. S. G. Rhee2. J. Garrison3 and M. M. Rasenick1.
]Depi. Physiol. & Biophys., Univ. Illinois at Chicago, Chicago, IL 60612, 2Nail.
Heart, Lung & Blood Inst., Natl. Inst. Health, Bethesda, MD 20892 and 3Dept.
Pharmacol., Univ. Virginia, Charlottesville, VA 22908.
Coimmunoprecipitation and autoradiography studies have revealed that the
cytoskeletal protein tubulin, with the hydrolysis-resistant photoaffinity probe
[32p ]aa GTP (azidoanilido GTP) bound, interacts with the G protein Gaq and thus,
is a potential candidate for regulation of phospholipase CPi (PLCpi) activity. To

IDENTIFICATION OF THE G PROTEIN DOMAIN RESPONSIBLE FOR
TUBULIN-ACTIVATED SIGNAL TRANSDUCTION. S. Rovchowdhury*, N.
Skiha. A. Greene. A. Mathew. H. Hamm and M. M. Rasenick. Department of
Physiology & Biophysics, U. Illinois College of Medicine, Chicago, IL 60612
Evidence from our laboratory suggests that the cytoskeletal protein tubulin,
modifies neurotransmitter receptor signaling, activating certain G proteins (Gs, Gil
and Gq) by transferring GTP to them. In order to establish the physiological role of
tubulin -Ga interaction , it was necessary to determine the interacting domains on
the molecules. Initial proteolytic and chemical cleavage studies suggested a
common sequence for tubulin binding (NNR/KW) exists in Gas (272-275) and
Gail (256-259). Transducin lacks the above sequence and it docs not interact with
tubulin. To confirm the above data and to determine the relevence of the domain for
functional interaction with tubulin, a number of transducin-Gail chimeras were
made, expressed in E. coli and purified. Restriction enzyme sites were introduced
with PCR in the pHis6Gail expression vector (obtained from Maurine Linder) and
either Gai or transducin sequences were filled in. These chimeras were tested for
their ability to bind to tubulin by dot blot and tubulin overlay studies. Functional
interaction of the chimeras with tubulin were studied by measuring the transfer of
AAGTP from tubulin to chimeras and stabilization of bound nucleotide. In one
chimera , a small region of Gail (220-299 ) in transducin sequence was sufficient to
allow activation of the molecule by tubulin. In a second chimera, where the region
of Gi between 243-271 was replaced by transducin, activation by tubulin did not
occur. Consistent with proteolytic studies, the first chimera bound tubulin with
similar affinity as rGail and rGas. The second chimera did not bind tubulin. A
synthetic peptide corresponding to the suspected tubulin-binding region of Gail
blocked the tubulin-AAGTP activation of Gai 1. The result suggests that the region
NNKW in Gail is important for binding and activation by tubulin. It is hoped that
a synthetic peptide which blocks tubulin activation of Ga, will be valuable for m

study this phenomenon further, we infected Sf9 cells with recombinant
baculoviruses encoding Gaq and PLCPi and compared the effects of GppNHp and
tubulin-GppNHp (concentration-response) on membrane-associated PLCPi activity
using exogenous [3h ]PIP2 as a substrate. GppNHp stimulated the high basal
PLCPi activity in a concentration-dependent manner. Under the same conditions,
the higher concentrations of tubulin-GppNHp (500nM to 5 pM) inhibited the
enzyme. In order to study the possibility that tubulin has an effect on receptordependent stimulation of PLCPi as well, we infected Sf9 cells, simultaneously,
with baculoviruses bearing Mj muscarinic receptor (E. Ross, Dallas), Gaq or
PLCPi cDNAs. The coexpression of the three different cDNAs was verified by
Western Blotting. Receptor binding studies using pH]QNB as a ligand revealed
240 fmol/mg membrane protein of expressed Mi muscarinic receptors with an
apparent Kd of 0.162 nM. Carbachol (al 1 mM) increased the transfer of
[32p ]aa GTP from tubulin (at 1 pM) to membrane Gaq. Carbachol-stimulated
PLCPi activity was increased in a concentration-dependent and saturable manner by
GppNHp. Furthermore, carbachol (at 1 mM) appeared to blunt the ' inhibition of
PLCpi by tubulin-GppNHp. Since calcium is known to increase microtubule
depolymerization, these studies suggest a potential role for tubulin in the regulation
of phosphatidylinositol/calcium signaling within the cell.

situ studies aimed at determining the "in vivo significance" of the tubulin activation
of G proteins.

SECOND MESSENGERS IV
732.1

732.2

EFFECTS OF INTERLEUKIN-1 p AND TUMOR NECROSIS FACTOR a
ON PHOSPHOLIPID METABOLITES IN C6 GLIOMA CELLS. Robert S .
Dotson1* Charles F. Ide1* and Sanda Clejan3. 'Neuroscience Program,
2Department of Cell and Molecular Biology, and ’Department of Pathology,

KAPPA OPIOID RECEPTOR AGONIST INHIBITION OF NESTIMULATED PHOSPHOINOSITIDE HYDROLYSIS: TWO POSSIBLE
MECHANISMS OF ACTION. D. Paul*. L. D. Minor and N. Duan.
Department of Pharmacology and Centers for Neuroscience and Alcohol and
Drug Abuse, LSU Medical Center, New Orleans, LA 70112.
Kappa opioid agonists inhibit norepinephrine-stimulated phosphoinositide
(PI) hydrolysis in neural tissue.
Rat hippocampal slices labelled with 3Hmyoinositol were incubated in a lithium buffer for 60 min with 10 pM NE
and various concentrations of one of the following kappa receptor agonists:
U50,488, U62.066, bremazocine, BRL 52656-A, BRL 52974, BRL 53001-A
or BRL 53117-A. PI hydrolysis was measured as the ratio of dpm released
/ dpm incorportated and analyzed as a percent of control PI hydrolysis. All
of the kappa agonists dose-dependently attenuated NE-stimulated PI
hydrolysis. BRL 5256-A (IC*, = 34 ±3.3 pM), U62,066 (40 ±7.4 pM),
U50,488 = 41 ± 6.6 pM) and BRL 529974 (43 ±10.6 pM) were most
potent and not significantly different from each other. Bremazocine (64 ±
25 pM) and BRL 53001-A (158 ± 78 pM) were of intermediate potency,
and BRL53117-A (1420 ± 356 pM) was the least potent. The rank order
of potencies for inhibition of NE-stimulated PI hydrolysis is similar to that
reported for kappa receptor binding competition by these drugs. However,
additional studies demonstrated that the Kj values for kappa agonist
inhibition of PI hydrolysis is not significantly different than the Kj values
for inhibition of [3H]prazosin binding. Thus, it is possible that kappa

Tulane University School of Medicine, New Orleans, LA 70112.
Cytokines have been implicated in the regulation of astrocytic response to
injury. Also, phospholipase activation is involved in the signal transduction
cascades for cytokines in a number of mammalian cells types. The main goal
of this work is to examine the involvement of phospholipase activation in the
signalling pathways of the cytokines interleukin-1P (Il-1P) and tumor
necrosis factor a (TNFa) using the C6 rat astrocytoma cell line as an in vitro
model. D-l P exposure initiates a biphasic increase in diacylglycerol levels,
as measured by high-performance liquid chromatography. This suggests the
activation of more than one phospholipase. TNFa -stimulated diacylglycerol
production is also biphasic but continues for a longer time course than that

for D-l P. Both cytokines stimulate diacylglycerol production in a
concentration-dependent manner. Phospholipase D hydrolyzes phosphatidylcholine into phosphatidic acid and choline. Phosphatidic acid can be rapidly
dephosphorylated to contribute to diacylglycerol levels. Both D-1 p and
TNFa stimulate, in the presence of ethanol, phosphatidylethanol production,
as measured by thin layer chromatography. This unambiguously indicates
phospholipase D involvement. In the presence of ethanol, phospholipase D
catalyzes the transphosphatidylation reaction, producing phosphatidylethanol. The involvement of phospholipase D and the extended time course
of diacylglycerol production suggest an interaction with protein kinase C.
Supported by Do D grant DOD93DNA-2 to Tulane/Xavier CBR.
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agonist inhibition of NE-stimulated PI hydrolysis is mediated by competitive
inhibition of a receptors.
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732.4

GLUTAMATE RECEPTOR-MEDIATED PHOSPHOINOSITIDE
TURNOVER IN BERGMANN GLIA CELLS IN CULTURE.
E. Truefra-Elizalde. a. . Fragoso, M ■ Romo-de-Vivar*. A. QrOga
and A.M. L6pez-Colom6. Instituto da Fisiologia Calulae, U.N.A.M.
Apaetado Postal 70-253, Mexico, D.F., 04510.
Peimaey cultuees of ceeabellae Baegmann glia cells waee peapaead feom
14-day-old chick ambeyos. We identified and chaeacteeized glutamate
metabotropic geceptogs coupled to phosphoinositide tuenoree in these cells.
Glutamic acid at a concenteation of 1 mM induced an 85 % inceaasa in [3H]inositol phosphates (InsPs) acumulation within 30 minutes in cells
peeincubated with [3H]-myo-inositol in the peesenca of 10 mM lithium
chloeide. Glutamic acid analogues (1 mM) stimulated InsPs accumulation in
tha following order: I.-aspartate>L-glutamate>quisqualata>N-methyl-Daspaetate>Kainate> 1 -Aminocyclopentane- 1,3-dicaTboxylate. NMDA-induced
eesponse was significant since one minute of stimulation. The potency of
excitatory amino acid analogues foe stimulating InsPs foemation was
deteemined within a concenteation eange feom 10 nM to 1 mM. The Lglutamate-induced eesponse was blocked most effectively by MK-801(5|iM)>
CPP(200 pM)»DNQX(50 pM); AP5 and MCPG showed no affect. Tha
affect of NMDA was inhibited by reeapamil (lOpM), which blocks T-type
Ca2+ channels whaeeas nifedipine (10 pM) and dantrolene (30 pM) showed
no effect. These studies peoride claae evidence foe the peasence of glutamate
eeceptoes coupled to phosphoinositide metabolism on Beegmann glia cells,
peehaps inrolred in die modulation of synaptic teansmission in the
ceeabellum, through tliaie close apposition to glutamataegic synapses in this
oegan. Supported by Grant 3375-N feom CONACYT.

A NOVEL DIACYLGLYCEROL (DG) KINASE ISOZYME (TYPE IV) FROM
RAT BRAIN RESEMBLES EYE-SPECIFIC DG KINASE OF DROSOPHILA
WHICH IS ENCODED BY RFHNAL DEGENERATION A GENE.
K.Goto* & H.Kondo Department of Anatomy Tohoku University
School of Medicine, Sendai 980, Japan.
In the process of signal transduction, (DG) kinase is thought
to be involved in the resynthesis of phosphatidylinositol by
converting the second messenger DG to phosphatidic acid. DG
kinase is thus regarded as an attenuator of the activity of protein
kinase C. Recent studies have shown that DG kinase can
participate in signal transduction through not only G proteincoupled receptors but also receptor tyrosine kinase. In order to
clarify the functional significance of DG kinase in various
cascade, we have so far cloned three DG kinase isozymes from a
rat brain cDNA library and characterized their enzymatic
properties and localizations. In this study we isolated a novel
cDNA for DG kinase (DGK-IV) from a rat brain cDNA library. This
cDNA encoded a protein of 929 amino acids with a calculated
molecular weight ofl04kDa. The primary structure' of type IV
was distinct from those of type I, II and HI in that type IV
contained no EF-hand motifs and four ankyrin-like repeats were
attached to the carboxyl terminus. This structural feature of DG
kinas-IV closely resembles the recently cloned eye-specific DG
kinase of Drosophila which is encoded by retinal degeneration A
gene. However, the rat mRNA for type IV was much more
dominantly detected in the brain than the eye, the expression
was localized in all neurons, rather intensely in the cerebral and
cerebellar cortices. These morphological and structural features
of DG kinase-IV suggest that DG kinase-IV belongs to a new
family of DG kinase distinct from type I, II and III.

732.5

732.6

THE EFFECT OF ETHER LIPIDS ON PHOSPHATIDYLINOSITOL (PI)
METABOLISM IN PRIMARY NEURONAL CULTURES OF CORTEX,
HIPPOCAMPUS AND CEREBELLUM. H.S. Vad. J.R. Dare. B.P. Doctoe and
D.L. Yourick*. Dirs. Biochem. and Neueosci., Waltae Reed Army Institute
Reseaech, Washington, DC 20307-5100.
Platelet actirating factoe (PAF) and dodecylglyceeol (DDG) are stTuctueally
similar athee lipids, both exhibiting a raeiety of biological effects including
antibacteeial actirity and altered differentiation of neueons and oligodendeocytes.
Howerer, PAF, unlike DDG, stimulates Ca~ mobilization, platelet aggregation and

ACTION
OF
CHOLERA
TOXIN
ON
CARBACHOL-STIMULATED
PHOSPHOINOSITIDE HYDROLYSIS IN CEREBELLAR NEURONS. A. Sunn*.
R, Raulli. E. Sueina and J.T. Weoblewski. Depaetment of Phaemacology, Geoeget2Wh
Unireesity School of Medicine, Washington D.C. 20007
Cholera toxin (CTX) and pertussis toxin (PTX) aee conrentiohal tools used to
study the eole of G-peotains in eepept2e-effept2g interactions. Actiration of tha
phosphoinositide (Pl)-specific phospholipases by transmittee eepeptoes is mediated
trough PTX-sensitire Geo.; peoteins oe PTX-insensitire Ga^ peoteins. So far, dieect
eagulation of Pi-specific phospholipases by G-peoteins which can be ADP-eibosylated
by CTX has not been obseered. In peimajiy cultures of cagabellae granule cells, tha
stimulation of muscarinic eepept2es by carbach2l (Carb) eesults in enhanced PI
hydeolysis that was inhibited by about 50% when granule cells weee teaated
oreenight with CTX (3 ug/ml). A similar treatment of cells with PTX failed to affect
this Carb-inducad easponse. The peetreatmant of geahule cells with CTX caused a
drastic decrease of [32P] labeling of a 50 kDa peotein band as eerealad by CTXdapendent ADP-eibosylation of granule cell homogenates in the peesence of
[32P]n AD followed by SDS-PAGE. The half-maximal blockade of back ADPeibosylation of this protein band appeared aftee 45 min, and eeachad 80% in 3 h.
Howeree, a 3 h peeinpubat1on of granule cells with CTX failed to daceease the Caibinduced Pl hydeolysis. Tha 50 kDa peotein band was identified by Westaen blot using
an anti-Ga, aht1seeum. Peeteeatment of granule cells with CTX (20 min to 3 h)
diminished the immunostaining intensity of this protein band and led to tha
appearance of a naw 52 kDa band. This latae band was nerar obserred if CTX was
incubated in ritro with granule cell homogenate. The peesence of Carb during the
incubation of granule calls with CTX failed to affect the CTX-inducad ADPeibosylation. Howerer, Carb decreased twice the intensity of 1mmuh2Sta1n1ng of tha
50 kDa band, as compared with the effect of CTX alone. These eesults indicate that a
short-term (lass than 3 h) action of CTX on cerebellar granule cells either promotes
a fast degradation and/or modification of Go , or inhibits its biosynthesis. Howerer,
these changes are not responsible for the inhibition of Carb-stimulated PI hydrolysis.
In contrast, a long-term (oreenight) treatment of granule cells with CTX eesults in
the uncoupling of muscarinic receptors from PI hydrolysis theough mechanisms
which ara not directly ealated to the ability of CTX to ADP-eibosylate Go,.

serotonin secretion feom isolated platelets. Inteeastingly, both DDG and PAF
stimulate 'acetylcholinesterase and choline acetyltransferase actirity diffeeentially
in peimary neuronal cultuees. To continue inrastigation of Ca’* mobilization, DDG
and PAF weee examined foe effects on PI metabolism in peimaey cultuees feom
ceeebeal cortex, cerebellum and hippocampus. Brain regions feom ambeyonic day
17 eat embeyos weee separated by gross dissection taking care to discard meninges
and blood rassels. Cells weee dissociated and plated in a serum containing
medium. Aftee 24 hrs, cultuees waee treated with cytosine aeabinoside foe 4 hes,
and the medium was changed to a chemically defined seeum feee medium.
Acetylcholinesterase and choline acetyltransferase actirities waee maasueed to
assess the diffaeentiation of tha neueons. PI metabolism was measured as
peeriously dasceibad (DaCostee and Youeick, Int. J. Der. Neueosci. 12(3):227-233,
1994) exeeptp -ncorporationanadgasOnt tncnbabons were inCTcaead do 2 hrs.
DDG, but not PAF, increased PI metabolism 76% orae basal in hippocampal
cultuees. PAF, but not DDG, caused a statistically significant eaduction of 17%
in PI metabolism in cerebellar cultuees. Neithee compound had any effect when
compaeed to conteol in cultuees feom cortex. DDG and PAF hare substantially
different effects on PI metabolism dependent on beain eagions analyzed.

732.7
ENDOTHELIN
STIMULATES
THE
HYDROLYSIS
OF
PHOSPHATIDYLCHOLINE BY PHOSPHOLIPASE D IN MOUSE
STRIATAL ASTROCYTES. M. Tence*. S. Desaghee. I. Coediee and I.
Glowinski. INSERM U114, Collage de Feance, 75005 Paeis, Feance.
In striatal astrocytes, eeceptoes foe endothelins (ETs) aee associated with
sereeal inteacellulae signaling pathways: ETs induce a sustained influx
of calcium, inhibit adenylate cyclase actirity and maekedly actirate
phospholipases C and A2 (Marin et al., /. Neurochem. 56:1270-1275, 1991;
Tenc6 et al., Eur. /. Neurosci. 4:993-999, 1992). We report heee that ET-1
and ET-3 also stimulate a phospholipase D (PLD) actirity which
hydrolyses phosphatidylcholine into phosphatidic acid (PA).
In peimaey cultures of mouse astrocytes prelabelled with tritiated
myeistic acid, ET-1 (0.1 pM) induced a sustained pe2dact12n of both
teitiated PA and diacylglycerol (DAG). This effect eesulted feom the
actiration of a PLD since in the peesence of ethanol, ET-1 and ET-3 also
stimulated time- and dose-dependently the foemation of teitiated
phosphatidylethanol (EC50: 2-4 nM). The ET-1 actiration of PLD
eequieed extgacellulae calcium and inrolred a peetussis toxih-sensitire
G-peotein. Protein kinase C seemed to play a eole in this actirati2h since
inhibitoes of this enzyme, as well as a prolonged peetreatmeht with a
phoebol estee (PMA), substantially eeduced the foemati2h of
phosphatidylethanol. PMA also stimulated PLD actirity. Howerer, this
effect was additire with that of ET-1 and fuethermoee it did not eequiee
exteapellular calcium. These eesults suggest that at least two distinct
mechanisms aee inrolred in the conteol of PA foemation in steiatal
astrocytes.
The stimulation of PLD by ETs could hare particular physiological
consequences. Indeed, a sustained pgoducti2n of PA and of its deriratire
DAG, the physiological actiratoe of protein kinase C, could account foe
the mitogenic effects of ETs on astrocytes.
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732.8
IN UTERO ISCHEMIA ENHANCES QUISQUALATE-STIMULATED
PHOSPHOINOSITIDE HYDROLYSIS IN RAT HIPPOCAMPAL CELL
CULTURES. Z. Cai*. N. Zhu and P. G. Rhodes. Dept, of Pediatrics/Newbom
Medicine, Univ. of Miss. Med. Ctr., Jackson. MS 39216.
Hypoxic-ischemic (HI) insult in perinatal life is a major cause of neuronal
injury and impaired postnatal development. Effects of intrauterine HI on
quisqualate (QA)-stimulated phosphoinositide (PPI) hydrolysis were studied
in rat hippocampal cell cultures prepared from 19 day fetal rats which
experienced an HI insult on G15. On gestation day 15, ischemia conditions
were achieved by complete clamping of the uterine blood vessels for 30 min
followed by removal of the clamps to permit reperfusion. Sham operation
(surgery without vasculature clamping) was conducted in the control groups.
The uterine horns were returned to the dam's abdomen after surgery and
hippocampal neuronal cultures were prepared from the G19 fetuses. At time
14 days in vitro, cell density and protein centent of the cultures were not
significantly different between the sham-operated and HI groups. Cells were
labeled with [^Hj-myoinositol (2 pCi per well) 24 hr before they were
stimulated with quisqualate (100 pM) in the presence of 10 mM UCI. The
formation of labeled inositol monophosphate was measured as a
representative of receptor-stimulated PPI hydrolysis. Intrauterine HI did not
affect the incorporation of radioactive inositol into the cell membrane nor the
basal level of PPI hydrolysis (3125 and 3051 dpm/mg protein for the HI and
the sham groups, respectively). Stimulation with QA induced a 4.6-fold
increase in PPI hydrolysis over the basal level in HI cells, whereas this
increase in the sham groups was only 3.6-fold. PPI hydrolysis stimulated by
carbachol was not affected by intrauterine HI Insult. These data suggest that
intrauterine HI may have long-lasing effects on glutamate metabotropic
receptor-mediated signal transduction in hippocampal cells.

WEDNESDAY PM
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732.9
CALCIUM, GTP AND CARBACHOL STIMULATION OF HIPPOCAMPAL
PHOSPHOINOSITIDE HYDROLYSIS FOLLOWING CHOLINERGIC
DENERVATION AND SYMPATHETIC INGROWTH.
K.Kolasa*. D.Parsons and L.E.Harrell. Alzheimer's Disease Center,
Dept.Neurology, VA&Univ.Alabama Med.Ctr., Birmingham, AL 35294.
Decreases in central cholinergic activity accompanied by increases in norepinephrine (NE) concentration have been described in Alzheimer's patients.
To determine how these changes might affect brain biochemistry, our laboratory
has utilized the model of hippocampal sympathetic ingrowth, in which
peripheral sympathetic fibers, originating from the superior cervical ganglia,
grow into the hippocampus following cholinergic denervation via medial septal
lesions. Since sympathetic ingrowth can be prevented by ganglionectomy (Gx),
the effects of cholinergic denervation alone (CD; MS lesions + Gx) can clearly
be separated from the effects of hippocampal sympathetic ingrowth (HSI; MS
lesion+sham Gx). HSI and CD have been found to differentially affect
cholinergicalty stimulated phosphoinositide hydrolysis (PI) and the affinity of
muscarinic receptors (mAChR) in a manner suggesting an alteration in coupling
efficiency between the mAChR and PI turnover. To test this hypothesis, we have
utilized newly developed methods in which prelabeled phosphoinositides (i.e.,
PHJ-PI) are added to hippocampal membranes and hydrolysis assessed after
the addition of calcium, to activate phospholipase C (PLC), GTPyS, to activate
G-proteins, or GTPyS + carbachol, to activate the entire receptor complex. PLC
activity in dorsal and ventral hippocampus was similar in HSI, CD and control
animals. However, GTPyS stimulated PI hydrolysis in dorsal hippocampus was
found to be significantly decreased in CD, when compared to control and HSI,
animals (p<0.02), with HSI increasing PI turnover by 27% to control levels.
Carbachol+GTPyS stimulated PI hydrolysis in dorsal hippocampus was also
found to be decreased in CD when compared to control and HSI animals
(p<0.004), with HSI increasing PI turnover by 15% to control levels. The results
suggest that both sympathetic ingrowth and cholinergic denervation alone alter
G-protein function, which may be the mechanism by which HSI and CD induce
changes in mAChR affinity and cytosolic PI turnover.

732.11
CHARACTERIZATION OF PLASMADGEE-SELECTIVE PHOSPHOLIPASE A2 FROM BOVINE BRAIN CYTOSOL. L.A.
Horrocks*, H.-C. Yang and A. A. Farooqui. Dept. of
Medical Biochemistry, The Ohio State University,
1645 Neil Ave., Rn. 465, Columbus, Ohio 43210.
The release of arachidonate from plasmalogen
may be a receptor-mediated process catalyzed by 39
kDa plasmalogen--elective phospholipase A2 (PLA2) .
The purified enzyme is markedly inhibited by polyvalent anions such as phosphate, sulfate and citrate, with IC50 values of 400 mM, 150 mM lni 5 mM,
respectively, and simulated by Triton X-100 and
Tween-20.
Octyl glucoside, sodiimt deoxycholate
and taurocholate markedly inhibit enzymic activity.
Non-speeific inhibitors of PLA2, such as
quinacrine, nordihydrotguiaretic acid and man-oHde, produce a dose-dependent inhibition. However,
arachidonyl triluuroomethyl ketone
(a potent
inhibitor of 85 kDa cytosolic PLA2) and bromoenol
lactone (an irreversible inhibitor of 40 kDa
plasmalogen--elective PLA2 from myocardium) have
no effect on enzymic activity.
Finally, the 39
kDa plismalogen--elective PLA2 i-s inhibited by
free fatty acids in a dose-dependent manner.
Docosahexaenoate is the most potent inhibitor,
foioowed by arachidunate, eicosapentaenoate and
heptadecanoate.
The inhibition by docosahexaenoate ci — be reversed with bovine serum albumin.
Supported by NIH grants NS-10165 and NS-29441.
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732.10
SIGMA RECEPTOR REGULATION OF NMDA-STIMULATED
UH1ARACHIDONIC ACID RELEASE FROM CEREBELLAR GRANULE
CELLS IS PERTUSSIS TOXIN-SENSITIVE. G.M. Gonzalez-Alvear* and
L.L. Werli-g. Dept, of Pharmacology, The George Washington
University Medical Ctr., Washington, D.C. 20037.

We have previously reported that sigma (o ) receptors are involved in the
regulation of arachidonic acid release from cerebellar granule cells. We have now
investigated the effects of the sigma agonists (+)pentazocine and BD737 on
NMDA-stimulated [3H]arachidonic acid ([3h ]AA) release from cerebellar granule
cells in the absence and presence of pertussis toxin.
Cerebella of eight-day old neonatal rats were dissected and chopped into pieces.
Cells were mechanically and enzymatically dissociated, subjected to differential
centrifugation, resuspended and plated on polyethyleneimine coated dishes. Cell
cultures were treated with 10 pM cytosine arabinofuranoside to prohibit growth of
non-neuronal cells. After at least eight days in culture, cells were incubated with 1
pCi/dish [3h ]AA for 24 hrs ± pertussis toxin (0.1 nM), then washed to remove
residual, unaccumulated labeled eicosanoid. Release of [3H]AA was stimulated by
a 10 min exposure to 50 pM NMDA in the presence or absence of a sigma drug.
Increasing concentrations of sigma agonists (+)pentazocine and BD737
completely inhibited NMDA-stimulated [3H]AA release from cerebellar granule
cells. Furthermore, the sigmai antagonist DuP 734 reversed the inhibition of
[3H]AA release by both agonists. In contrast, (+)pentazocine and BD737 failed to
inhibit [3h ]AA release from pertussis toxin-treated cells. These data suggest that
sigma receptors regulating NMDA-stimulated arachidonic acid release in cerebellar
granule cells are Gj or Go protein coupled. (Supported by a grant from NIDA to
LLW and by a NIGMS predoctoral fellowship to GMG.)

732.12
INDUCIBLE PROSTAGLANDIN SYNTHASE AND ZIF-268 mRNA

UPREGULATION IN VASOGENIC CEREBRAL EDEMA: INHIBITION
BY

A PAF

ANTAGONIST. V.L.

Marcheselli*and N.G.

Bazan,

Neuroscience Center, LSU Medical Center, New Orleans, LA 70112
Cerebral hypoxia, like global brain ischemia, triggers the release of glutamate
which, in excess, leads to neuronal damage. Free fatty acids and diacylglycerols
also accumulate (BBA 218:1-10, 1970) due to activation of phospholipases A2 and
C. Platelet-activating factor (PAF), a product of PLA2, is a mediator of neuronal
damage. Prostaglandin H synthase (PGS, cyclooxygenase) is the rate-limiting
enzyme in the synthesis of PGE2, PGF2F, PGD2, prostacyclins, and thromboxanes.
The inducible prostaglandin synthase mRNA (PGS-2, TIS-10), increases rapidly
in response to a wide variety of stimuli such as mitogens and inflammation.

Ischemia-reperfusion, single electroshock (ECS), and brain injury increase PGS-2
message levels in nervous tissue. After cryogenic injury, a model of vasogenic
brain edema, the levels of PGS-2 mRNA rose rapidly reaching a peak at 2 hours,
and remained upregulated after 24 hours. Levels of TIS-8 mRNA, a zinc-finger
synthesis and a transcription factor, peaked after 1 hour of the injury and returned
to control levels after 6 hours. The PAF antagonist BN-50730 partially inhibited
the increase in both PGS-2 and TIS-8 mRNAs. Levels of tissue edema were
measured by plasma Evans Blue extravasation. The animals pretreated with BN-

50730 or dexamethasone were partially protected. Thus, PAF receptors may be
involved in brain damage after injury and the PAF antagonists may be useful as
pharmacological tools to protect the brain from that damage. Supported by
DAMD-17-93-V-3013.

732.13

732.14

ACTIVATION OF THE PLAr-AA SIGNALING CASCADE REGULATES 5-HTia
RECEPTOR FUNCTION IN CHO CELLS. K.L. Jameson*1. K.A. Berg1. A.
Saltzman2 and W.P. Clarke1. Dept, of Pharmacology1, Univ. Texas Health Science
Center, San Antonio, Texas 78284 and Dept, of Molecular Biology2, Rhone-Poulenc
Rorer, Collegeville, PA 19426.
We have reported that CHO cells naturally express a 5-Hjg receptor subtype (Berg
et al, Mol Pharmacol. 1994. vol 46: 477- 484) which is regulated by a
cyclooxygenase-dependent arachidonic acid (AA) metabolite produced when
phospholipase A2 (PLA2) is activated with melittin or the purinergic receptor agonist
ATP (Berg et al, Soc. Neurosci. 1994. vol 20:1158). Currently, we are
investigating the effect of activation of the PLA2-AA signaling cascade on the 5-HT1A
receptor system in CHO cells expressing the human 5-HTi a (G21) receptor (= 130
fmol/mg protein). The inhibition of forskolin (1 pM)-stimulated cAMP accumulation
(FScA) by dipropyl-5-carboxamidotryptamine (dp-5-CT) in the presence and absence of
melittin (2.5 pg/ml) or ATP (1 mM) was measured. In control experiments, both
melittin and ATP increased AA release by 620% and 100% above basal, respectively,
and, as we found previously, reduced 5-HTig-mediated inhibition of FScA. Melittin

SPREADING DEPRESSION ELEVATES INDUCIBLE CYCLOOXYGENASE
IMMUNOREACTIVITY IN DISCRETE CORTICAL REGIONS. R.P. Kraigl
C. Breder & P. Park. Dept. Of Neurology, The University of Chicago, Chicago, IL
Eicosanoids are powerful paracrine signals which may be involved in such diverse
phenomena as conduction of messages in sensory neuronal pathways and the transformation of glia into reactive species. Spreading depression (SD) is a phenomenon that
can induce gliosis uncompromised by cellular necrosis. Accordingly, to begin examining how eicosanoids might influence gliosis we characterized how recurrent SD
altered the immunoreactivity (ir) for the inducible form of cyclooxygenase (iCOX).
Male, Wistar rats (n=72) were anesthetized with halothane. SD was induced in
parietal cortex by superfusion of potassium chloride (1.0M, 3 hrs). Micropipettes
placed in both frontal cortices recorded the occurrence of SD ipsilateral to the
stimulus and its absence in contralateral, control cortex. Animals were allowed to
recover for 1, 3, & 6 hr; and 1, 2, 3, 7, 14, 21, & 28 days. They were then reanesthetized and processed for iCOX-ir. Blocking studies established the specificity
of immunostaining. Computer-based and semi-quantitative image analyses of the log
ratio of left, experimental versus right, control cortex were done in six distinct cortical
regions showing iCOX-ir: insular, motor, piriform, and perirhinal cortex as well as the
lateral nucleus of the amygdala and hippocampus. SD caused a significant (“p” values
varying between less than 10'6 to 0.05 ) increase in iCOX-ir from 3 hr to 3 days after
SD in all brain regions except amygdala and hippocampus. The lack of significant
change in these two zones may stem from a symmetric increase in iCOX-ir.
Pretreatment with indomethacin and mepacrine had no affect on SD-induced iCOX-ir
changes while pretreatment with dexamethasone and L-NAME reduced the rise in
iCOX-ir to a nonsignificant difference between sides. Treatment with sodium
nitroprusside and ephedrine also altered iCOX-ir.
These results show that neocortical SD results in a significant rise in iCOX-ir within
discrete cortical regions. Furthermore, these rises in iCOX-ir can be reduced by
modulation of eicosanoid and nitric oxide metabolism.

also reduced 5-HTia responsiveness. The EC50 for dp-5-CT was shifted to the right
(PEC50 = 7.53 ± 0.06 {30 nM} vs 7.74 ± 0.05 {18 nM); p<_0.05; n=4) and the
maximal inhibition was reduced (74% ± 2% vs 83% ± 1%; p < 0.01) in the presence
and absence of melittin, respectively. In contrast, ATP had no effect on , 5-HT1Amediated inhibition of FScA (n=2). Thus, although the responsiveness of the 5-HT1a
receptor system may be regulated by the PLA2 -AA signaling cascade, the mechanism
of this regulation may differ from that for the 5-HTjb receptor system. (Supported in

part by USPHS grants HD 26437, and MH 48125)

Society

for

Neuroscience

, Volume

21, 1995

1868

SECOND MESSENGERS IV
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732.16

DISTRIBUTION OF CYCLOOXYGENASE ISOFORMS & NEURONAL
NITRIC OXIDE SYNTHASE IN MAMMALIAN CORTEX. 'CD. Brede*
2W.R. Tracey & 'R.P. Kraig. 'Dept, of Neurology, The University of Chicago,
Chicago, IL 60637 and 2Central Research Division, Pfizer, Inc., Groton, CT 06340.
Inflammation is a complex reaction that includes increased production of powerful,
paracrine mediators such as eicosanoids and nitric oxide (NO). NO can modulate the
activity of cyclooxygenase (COX), an enzyme that produces one class of eicosanoids,
prostaglandins. For such interactions to be of potential importance to CNS function,
COX and NO synthase (NOS) enzymes should be regionally co-localized since diffusion distances for products of these enzymes is relatively small. Accordingly, we have
begun to characterize the regional distribution of constitutive (COX1) and inducible
(COX2) cyclooxygenase compared to neuronal NOS (gift from H. Schmidt,
Medizinische Universitatsklinik; Wurzburg, Germany) using immunohistochemistry.
COX1 data was derived from sheep' and COX22 from rat. Blocking studies established the specificity of staining. Within neocortex, COX1 showed a dense localization to granular and infragranular cells; COX2 was densely localized to supragranular cells; and nNOS was sporadically localized to infragranular cells with many fine
fibers being stained. Within allocortex, COXl was densely localized to cells of layer
3&5 and COX2 to cells of layers 2,3,&5. In this same area, nNOS immunoreactive
cells were seen in infragranular layers. Fibers positive for nNOS were densely packed
in a putative terminal field in layer 2 of the agranular insular cortex and dorsolateral
entorhinal cortex, a region where many COX2 cells were seen. Similar regional colocalizations of COX isoforms and nNOS were seen in hippocampus and amygdala.
These studies show that COX isoforms and nNOS co-localize to similar brain
regions of cortex. Thus, products from these enzymes conceivably could interact in
the CNS. Furthermore, since co-localization of these enzymes is seen in resting brain,
such interactions may be an important component of normal brain function. 1. Breder,
et al. J. Comp. Neurol., 1993. 2. Breder et al., J. Comp. Neurol., 1995.

FIVE-LIPOXYGENASE AND ITS ACTIVATING PROTEIN (FLAP) ARE
EXPRESSED IN HIPPOCAMPAL NEURONS AND REQUIRED FOR
SOMATOSTATIN SIGNALING. P. Schweitzer*. C.-H. LammersL S.G.
Madamba. G.R. Siggins and D. Piomelli2. Neuropharmacology, The Scripps
Research Inst., La Jolla, CA 92037, iMax-Planck-Inst. of Psychiatry,
Munich, Germany, 2The Neuroscience Institute, San Diego, CA 92121.
The 5-Iipoxygenase activating protein (FLAP) is required, in peripheral
cells, for the activation of 5-lipoxygenase (5-LO) and for the resulting synthesis of leukotrienes from arachidonic acid. In the brain, leukotrienes have
been implicated in several pathophysiological events and in the electrophysiological effect of somatostatin (SST) on CA1 hippocampal neurons, where
the neuropeptide enhances the voltage-dependent K+ current /K(M). Yet, the
cellular origin and role of these messengers are still poorly understood.
Therefore, we localized 5-LO and FLAP mRNA in rat brain by in situ
hybridization and found the highest labeling densities in hippocampus and
cerebellum where 5-LO and FLAP appeared to overlap. Immunostaining
experiments showed that FLAP protein was associated with pyramidal
neurons of CA1 to CA3 and with dentate granule cells. Moreover, most
neurons in the CA1 pyramidal cell layer showed both FLAP immunostaining
and 5-LO hybridization signals, confirming the co-localization of 5-LO and
FLAP. Electrophysiological studies using intracellular voltage-clamp
recordings in the rat hippocampal slice preparation showed that the ability of
SST to augment /k (M) in CA1 neurons was prevented by treatment with
MK-886, a potent and selective FLAP inhibitor. Leukotriene C4 overcame
the blocking effect of MK-886 on /K(M) augmentation by SST. Furthermore,
we characterized a second effect of SST that involved activation of a
voltage-insensitive K+ conductance different from /K(M). Our results
provide strong evidence for the presence and signaling role of 5-LO and
FLAP in central neurons and support a participation of the 5-LO pathway in
the SST receptor transmembrane regulation of /K(M).
Supported by INSERM, NATO, and NIH grants MH 44346 and AA 07456.

732.17

732.18

IN VITRO ACTIVATION OF LIMULUS BRAIN AND CARDIAC PROTEIN

KINASE C BY PHORBOL ESTERS AND ARACHIDONIC ACID:
DEPENDENCE ON CALCIUM AND PHOSPHOLIPID. Bvron D. Ford*.Easton A.
Reid and James O. Townsel Department of Physiology. Mehariy Medical College,
Nashville, Tennessee 37208
Protein kinase C (PKC) is a multifunctional serine/threonine phosphoiylating
enzyme and plays an important role in numerous cellular functions. Twelve isoforms of
PKC have been identified in mammalian tissues by molecular cloning. The isoforms are
grouped into three subtypes based on co-factor requirements for activation. The activation
of conventional PKC’s (cPKC's) requires calcium, phosphatidylserine (PS) and
diacylgtycerol (DAG). Novel PKC's (nPKC's) require PS and d Ag but are calcium

independent. Phorbol esters (PE) can substitute for DAG in the activation of both cPKC's
and nPKC’s. Atypical PKC's (aPKCs) are not activated by calcium, DAG or PE but by
PS and unsaturated fatty acids. Our laboratory has previously reported the presence of
seven PKC isoforms in Limulus cardiac and neuronal tissues (Ford et al., Biochem. and
Biophys. Res. Comm . 1995). In addition, data from our laboratory and others have
suggested a possible role for multiple PKC subtypes in the regulation of choline uptake
(Saharelli et al., J. Neurosci.. 1990; Fold and Townsel, Soc. Neurosci. Abs.. 1994). This
study demonstrates the presence of multiple PKC subtypes in Limulus brain and cardiac
tissues based on co-factor requirements of PKC activity. The phorbol esters PMA and
PDBu were both shown to activate PKC in brain and cardiac extracts. Arachidonic acid
(AA) also activated PKC in both tissues. PE and AA stimulated PKC activities wore
additive. PE stimulated PKC activity was partially inhibited in the absence of calcium
while AA stimulated PKC activity was calcium independent. Kinase activation by both PE
and AA required the presence of PS. These results will aid in the elucidation of the
specific roles of PKC subtypes in choline uptake. This project was supported in part by
NSF grant HRD-9106096, DOE P200-A40516 and NIH grants GM08037, RR03032 and
MH 19843.

LIPID METABOLISM MODIFICATION IN THE HUMAN NEUROBLASTOMA
SK-N-BE DIFFERENTIATED WITH RETINOIC ACID. A.Petroni*. N. Papini.
P.La Spada. M.BIasevich. and C.Galli.Institute of Pharmacological Sciences,
University of Milan, via Balzaretti 9, 20133, Milan, Italy.
We have studied the effect of retinoic acid (RA) in the human
neuroblastoma SK-N-BE. RA, an analogue of vitamin A, has been shown to
inhibit cell growth, to change the morphology of neuroblastoma cells. RA is
also an activator of peroxisome function and is possibly involved in the
control of lipid homeostasis.
To investigate the degree of cell differentiation and the inhibition of cell
growth by RA we have measured neurite outgrowth and labeled timidine
incorporation. We have evaluate if RA could also modify lipid metabolism in
SK-N-BE.The following parameters have been investigate : the fatty acids
(FA) composition of cell lipids, the conversion of labeled linoleic acid (LA) to
longer chain FA, the incorporation of [3H]glycerol in all major lipid classes. All
the indicated parameters were evaluated in undifferentiated and RAdifferentiated SK-N-BE at different time periods. RA was incubated at the
concentratio 10 pM. Undifferentiated and differentiated cells were incubated
with labeled LA (0.5 pCi/dish,18 hours)or glycerol (1 pCi/dish,24 hours). The
cells were scraped and extracted, FA composition was evaluated by GLC.
Extracted of LA labeled metabolites were injected in HPLC connected with a
radiodetector on line. FA of the n-6 series: arachidonic acid and 22:4
increased, also 22:5 and 22:6 of the n-3 series was increased. The
conversion of LA was enhanced at 24 hours than after 7 day differentiation.
Glycerol incorporation into the main lipid classes differed according to the
different incubation periods. After treatment with RA neurite outgrowth was
markedly enhanced and cell growth inhibited. Our data indicate a certain
modification of lipid parameters, the molecular mechanism involved in RAdifferentiation will be investigated.

732.19

732.20

LYSOPHOSPHATIDIC ACID IS A PUTATIVE MESSENGER IN NEURONS.
R. Diaz-Arrastia*. and E. Hashemi. Dept, of Neurology, University of Texas
Southwestern Medical School, Dallas, TX 75235.
Lysophosphatidic acid (LPA) is a messenger molecule which has potent effects
in a number of cell types, including neurons. Because LPA is relatively water
soluble, it can diffuse from the site of production to neighboring cells, and may play
a role during synaptic plasticity and in the response of neurons to injury. We have
found that (1) mammalian brain contains a PLA2 activity which preferentially
hydrolyses phosphatidic acid (PA) to form LPA; (2) cultured neural cells produce
LPA in response to activation of cell-surface receptors; and (3) exogenously added
LPA potentiates cell death induced by glutamate in an in-vitro model of
excitotoxicity. PA-specific PLA2 was identified in membranes prepared from rat
brain. The enzyme was solubilized using 1 % cholate and 1 M KC1, and enriched
several hundred-fold by gel filtration, anion-exchange, and hydroxylapatite
chromatography. The enzyme does not require Ca2+ for activity and while selective
for phospholipid polar head groups, does not discriminate between phosphatidates
with different acyl chains in the sn-2 position. [3H]-LPA production was measured
in NG108-15 neuroblastoma x glioma cells which had been labelled with [3H]palmitate. Treatment of cells with ATP or thrombin resulted in 3 - 5 fold increase
in levels of [3H]-LPA, an effect which was mimicked by phorbol esters. There was
a parallel but quantitatively greater production of [3H]-PA in response to activators.
Finally, the effect of exogenously added LPA on excitotoxicity was studied in
cultures of NT2-N neurons which had been terminally differentiated by exposure to
retinoic acid. Addition of 1 pM LPA increased tha amount of LDH released into the
medium induced by subthreshold doses of glutamate (100 pM). These results suggest
that LPA is a messenger in neurons which may play a role in excitotoxicity.
(R.D.-A. is supported by NIH K08 NS01763-01 and a Neuropharmacology
Research Fellowship from the American Academy of Neurology)

ECLOSION HORMONE STIMULATES THE PRODUCTION OF CMP-PA WITH
LITTLE CHANGE IN DAG LEVELS. P. J. Simpson 'and D. B, Morton
ARL Division of Neurobiology and the Department of Biochemistry, University of
Arizona, Tucson, AZ, 85721
Eclosion hormone (EH) is a 62 amino acid neuropeptide which triggers eedysis
behavior at the end of each molt in the tobacco homworm, Manduca sexta. Stimulation
of this behavior by EH is mediated by a rise in cGMP in the central nervous system prior
to eedysis. Previous work in this laboratory indicates that this rise is due to activation of a
soluble guanylate cyclase (GC), perhaps through the interaction of GC with a lipid
messenger. GC activation is not associated with nitric oxide (NO) production, but is
blocked by a number of inhibitors of lipid metabolism, such as phospholipase C,
phospholipase A2, diacylgtycerol lipase, and lipoxygenase blockers.
This study examines the action of EH on a variety of lipids in the CNS. Previous
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studies have shown that EH stimulates the production of inositol trisphosphate in the
nervous system. Here we show that there is no, or little, evidence for a parallel increase in
the levels of diacylglycerol in response to EH. There is, however, an increase in the levels
of cytidine monophosphate-phosphatidic acid (CMP-PA). CMP-PA is produced
downstream ofDAG as part of the inositol recycling pathway. This increase is similar in

both time course and EH sensitivity to the increase in cGMP and is blocked by many of
the same inhibitors that block the EH-stimulated increase in cGMP.
Additionally, the fetes of several other phospholipids were examined in response to
EH These phospholipids include phosphatidic add and phosphatidylinositol as well as
the major membrane phospholipids; phosphatidylcholine, phosphatidylethanolamine,

and phosphatidylserine. Preliminary evidence suggests that exposure of the CNS to EH
results in a decrease in the incorporation of [32P]-PO4 in a number of these phospholipid
species.
Supported by an NIH training grant NS07363 to PJS and an Alfred P. Sloan
Research Fellowship and NIH grant NS29740 to DBM.

WEDNESDAY PM

NEUROENDOCRINE REGULATION:

733.1
DEOXYCORTICOSTERONE INCREASES NEUROPEPTIDEmRNA LEVELS IN THE STRIATUM L. R. Lucas*t. J. A. Anqulott.
and B. S. McEwent fLab of Neuroendocrinology, Rockefeller University
and -tTDept of Biological Sciences, Hunter College CUNY, New York, NY
10021

Glucocorticoids have been shown to increase tachykinin- and
enkephalin-mRNA levels in the striatum of adrenalectomized rats [Chao and
McEwen (1991) Mol. Brain Res., 9, 307-311]. To investigate the effects of
Type I or mineralocorticoid activation on striatal neuropeptide mRNA levels,
we administered deoxycorticosterone (DOCA), an adrenal steroid with higher
affinity for Type I receptors, to adrenalectomized (ADX) animals. Adult male
rats were either sham operated or ADXed. After one week recovery, animals
were either injected with sesame oil, corticosterone (CORT, 0.5mg/kg), or
DOCA (5mg/kg), s.c., daily for 3 or 7 days and sacrificed 18h after the last
injection. Neuropeptide-mRNA levels in the striatum were determined by
high-resolution in situ hybridization histochemistry with 35S-labelled
riboprobes on 20pm thick coronal brain cryostat sections. After stringent
washing and drying, sections were dipped in NTB-2 photographic emulsion
(Kodak) and exposed for 1 to 2 weeks. Reduced silver grains were observed
over mRNA-positive cells and grains per cell were quantified with the help of a
computer-assisted image analysis system. Enkephalin (ENK)-mRNA levels
were 128% higher in ADX + CORT (p<0.001) and 81% higher in ADX +
DOCA (p<0.01) compared to 3 day sham treated rats. There were no
significant differences in tachykinin-mRNA levels after 3 days or ENK-mRNA
levels after 7 days. From these results we conclude that CORT and DOCA
have similar effects on striatal ENK-mRNA levels. Whether CORT and DOCA
bind to their cognate receptors or whether glucocorticoid receptors are
occupied by DOCA in ADXed animals to effect increases in striatal ENKmRNA levels remains to be determined.
Supported by MH41256 (BSM) and DA05572 (LRL)

733.3
MU OPIOID RECEPTOR-LIKE IMMUNOREACTIVITY IN THE RAT MEDIAN
EMINENCE : DISTRIBUTION AND PLASTICITY IN EXPRESSION. P. Ciofi*a,
F. Vandenbulckea,S. Dutoita, D . E)cneu^a,a\. A4MSOurb,b» J. Wat&onb,G . Tramm
and J.C. Beauvillain*. SU422 INSERM, Place de Verdun, 59045 Lille (France);
^Meeisl Health Ren. Inni., Univ. Michigan, Ann Arbor, MI 48109; eLab.

Neuroeyio. Fonct., URA CNRS 339, Univ. Bordeaux I, 33405 Talenee (France).
Opioid peptides (OP) are thought io regulate adenohypophysial functions indirectly
through hypothalamic circuitry rather than by a direct action at the gland itself. The
presence of OP in neuroendocrine terminals (NT) of the median eminence (ME)
suggests OP modulate the oecrohumoral output via autocrine/paracrine mechanisms.
In line with this, we studied the distribution of the mu-receptor in the ME of the
adult male rat using an affinity purified antiserum directed at the C-t of the recently
cloned rat sequence (Mol. Pharmacol. 44:8; Neuron 11:903; PNAS 90:10230).
Immunocytochemical single or double staining techniques at the light microscopic
(fluorescence) or ultrsstruetural (DAB/peroxidase-colloidal gold combination) levels
allowed us to ascribe the ME mu-immcooreaetivity (ir) to the gonadoliberin
(GnRH)ergic endings, the corticoliberin (CRF)ergic endings and the tanycytes. At the
ultrastructural level, after DAB/peroxidase prc-embbeding staining, mu-ir in NT was
observe: in dense cone vesicles, in the form of sub-membrane patches or in the form
of restricted as well as extended thickenings of the membrane, with no strict polarity
respectively to the pericapiilary space. Mu-ir NT w^ seen apposed to other NT or to
tanycytic processes. In the tsoycytes, mu-ir was observed in the form of
iotrseytoplssmic or sub-membrane patches as well as invading spine-like processes.
Orchidectomy and adrenalectomy each resulted in a marked decrease in mu-ir of
GnRH and CRF endings, respectively.
These results (1) strenghten the concept of opiatergic autocriny and paracriny in the
ME : the GnRH axis do not contain Op while the CRF axis contain enkephalins,
and (2) have to be paralleled with the known inhibitory and stimulatory effects of OP
on GnRH and CRF axes, respectively.
Supported by INSERM and by NIDA Grant DA02265
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733.2
PROLACTIN (PRL) INCREASES TYROSINE HYDROXYLASE (TH) ACTIVITY
IN FETAL HYPOTHALAMIC CELLS. L. A. Arbogast* and J. L. Voogt. Dept, of
Physiology, University of Kansas Medical Center, Kansas City, KS 66160-7401
A short loop feedback mechanism provides the main control of PRL secretion in
vivo. The tuberoiofuodibulsr dopaminergic neurons are a site for PRL feedback, such
that high circulating PRL levels increase the synthesis and secretion of dopamine, the
major PRL inhibiting hormone. TH is the rate-limiting enzyme in the dopaminergic
biosynthetic pathway and thus a key control point. However, studies on intracellular
mechanisms for PRL’s action have been hampered by the lack of an in vitro model.
The aims of this study were: 1) to evaluate media composition on the ability of PRL to
increase TH activity in vitro and 2) to establish time and concentration dependency for
PRL action on TH activity. Ventral hypothalamic cells of fetal day 19-20 rats were
dispersed with trypsin and plated at 200,000 cells/well and maintained for 10 days.
TH activity was determined by incubating cells for 1 hour with 100 pM brocresine, a
nihydroxypheoylslaoioe (DOPA) decarboxylase inhibitor, and measuring DOPA
accumulation in the medium. Exp 1: Hypothalamic cells were incubated for 10 days
in either a serum-free defined or a serum (5% fetal bovine serom)-cootsioiog medium
with either low (5 mM) or high (25 mM) potassium (K+) concentrations. Rat PRL was
included in some wells for the 10 days in vitro. PRL did not alter TH activity in
serum-free medium with either low or high K+ or in serum-containing medium with
low K+. However, TH activity was significantly increased to 162%, 177% or 172% of
control values after 10 days of rPEL-treatment (10,100 or 1000 ng/mL respectively).
Exp 2: Hypothalamic cells were treated with rPRL (100 ng/ml) for various times. TH
activity was not altered by 1, 6 or 12 hours of PRL-treatment, but was increased to
140-145% of control values after 1-3 days, and further increased to 180-185% after 510 days. Conclusions: 1) A factor present in fetal bovine serum imparts PRL
responsiveness to hypothalamic dopamine neurons in vitro. 2) The 24 hour delay for
TH responsiveness to PRL to be expressed in vitro is similar to the time course in vivo.
3) The effective PRL concentrations are within the physiological range of circulating
PRL levels in vivo. Supported by NIH grant HD24190.

733.4
CHOLECYSTOKININ (CCK) INDUCES cFOS EXPRESSION IN
BRAINSTEM CATECHOLAMINE CONTAINING NEURONS OF THE
RHESUS MONKEY DA Schrefhofer*. T Rinaman. JL Cameron. GE Hoffman.
JG Vej^aLlis Depts of Neuroscience, Psychiatry, Cell Biology and Physiology,
Neurobiology, and Medicine, University of Pittsburgh, Pittsburgh, PA 15260
In monkeys and other species, systemically administered CCK stimulates the
release of many pituitary hormones. In rats, the release of oxytocin and ACTH
appear to be mediated by CCK-induced activation of vagal afferents that, in turn,
activate medullary projections from the nucleus tractus solatarius (NTS) and
ventrolateral medulla (VLM) to the hypothalamus. The current study examined
the hypothesis that CCK activates similar ascending pathways in adult male
rhesus monkeys. Monkeys were given CCK (3 or 15pg/kg iv; n=3 and 2,
respectively) or saline vehicle (n=2). Two additional bilaterally vagotomized
animals were treated with 15pg/kg CCK Seventy five minutes after the infusion
of CCK, monkeys were deeply anesthetized and perfused with 4%
paraformaldehyde. Every sixth section (30pm) through the NTS was processed
for immunocytochemical detection of the immediate early gene product cFos as a
marker of neuronal activation. Because CCK activates catecholamine neurons
that project to the hypothalamus in rats, sections woe also stained for tyrosine
hydroxylase (TH). Very few cFos positive neurons were present in tissue sections
from control animals. In contrast, numerous cFos positive neurons were
visualized in the NTS and VLM of monkeys treated with both doses of CCK and
many of the activated neurons were catecholaminergic (TH positive). Vagotomy
virtually eliminated CCK-induced cFos expression in the NTS and VLM. These
results indicate that CCK activates medullary neurons in the monkey, including
many catecholaminergic neurons in the NTS and VLM, and that this activation
depends on vagal afferents. These results are consistent with previous studies in
rats and suggest common mechanisms of CCK action across these species.

733.6

SEXUAL DIFFERENCES IN THE CIRCADIAN CHANGES OF
TUBEROINFUNDIBULAR DOPAMINERGIC NEURON
ACTIVITY IN THE RAT: THE ROLE OF THE CHOLINERGIC
CONTROL. K.R. Shieh, S.H.H. Chan, and J.T. Pan. Inst. Physiol.,
Natl. Yang-Ming Univ., Taipei, Taiwan R.O.C.
We recently reported that a circadian change of the
tuberoinfundibular dopaminergic (TIDA) neuron activity exists in
ovariectomized rats treated with or without estrogen (l), and the
endogenous cholinergic system is responsible for its induction (2).
Whether a similar rhythm exists in intact female or male rats was the
focus of this study. In intact female Sprague-Dawley rats, rhythmic
changes in TIDA neuron activity were observed during all stages of
the estrous cycle, i.e., proestrus, estrus or diestrus I, and they were
nearly identical. No such rhythm, however, was observed in intact
or castrated male rats treated with or without estrogen. Central
administration of mecamylamine (1 pg/3 pl/rat, icv), a nicotinic
receptor antagonist, had no effect on the TIDA neuron activity in
intact male rats, no matter it was given in the morning or in the
afternoon. It appears that the circadian rhythm of TIDA neuron
activity is sexual dimorphic, and may under a differential control by
the cholinergic system.
1. Mai LM, Shieh KR, Pan JT. Neuroendocrinology 60:520-6, 1994.
2. Shieh KR, Pan JT. Endocrinology 136(6):xx-xx, 1995. (in press)
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VASOACTIVE INTESTINAL PEPTIDE ANTAGONIST ATTENUATES THE
NOCTURNAL PROLACTIN SURGE OF PREGNANCY. K. M. Hcmphervs. L.
A. ArbogasL J. D. Radel* and J. L. VoogL Department of Physiology, University of
Kansas Medical Center, Kansas City, KS 66160-7401.
Nocturnal and diurnal prolactin (PRL) surges occur ncriog the first half of
pregnancy in the rat. The PRL surges are circadia^i in nature and the scprschissmstic
nucleus (SCN) serves as a neural locus for generating the surges. Vasoactive
intestinal peptide (VIP) is found in the SCN and has been implicated in the control of
PRL release. However, the role of VIP in generating the nocturnal PRL surges during
pregnancy is unclear. The aims of this study were: 1) to compare the effects of two
different VIP antagonists on the nocturnal PRL surge and 2) to assess the dose
response relationship of the more potent antagonist. Exp. 1: Female rats received
jugular vein cannulas on day six of pregnancy. On day seven, the experimental rats
were infused continuously with [p-Chloro-D-Phe6, LeiC^-VIP antagonist (0.1
pg/kg-min) between 2200 h and 0700 h. Control rats were infused with saline.

Serial blood samples were obtained immediately before infusion and hourly
thereafter. Circulating PRL levels during the nocturnal surge in control and VIP
antagonist treated pregnant rats were similar at all limes examined. Exp. 2: A
neurotensin/VIP hybrid, which is s more potent VIP antagonist without VIP agonist
activity, was examined at three different doses (0.001, 0.01, and 0.1 pg/kg-min)
repeating the protocol described above. In control rats serum PRL levels were low
(1-10 ng/ml) between 2200 h and 0100 h, were elevated to 200-300 ng/ml during the
peak of the nocturnal PRL surge at 0200 h to 0400 h, and then declined between
0500 b and 0700 h. The groups with the antagonist doses of 0.001 and 0.01 pg/kgmin had plasma PRL levels similar to the control group. In contrast, circulating PRL
levels were reduced in the group receiving the dose of 0.1 pg/kg-min by 83%, 74%,
50% and 43% at 0100, 0200, 0300, and 0400 h, respectively. In conclusion, the
more potent VIP antagonist attenuated the nocturnal PRL surge of pregnancy
suggesting that VIP plays s positive role in generating the surge. Supported by NIH
Grant HD24190.
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FOS EXPRESSION IN THE NTS AFTER HYPERTENSIVE STIMULI BUT
NOT CCK INJECTIONS CORRESPONDS TO AREAS RETROGRADELY
LABELED FROM THE VLM. R.G. Mayne*1. SL. Bealcr2. W.R. Crowley3 and
W.E. Armstrong! Depts. of ^AnaLfe Neurobiol., ^Physiol. & Biophys., and
^Pharmacol.; Univ. Tenn., Memphis, TN 38163.
Most visceral inputs make their first synapses within the nucleus tractus solitarii
(NTS) where information is then relayed to other brain regions that regulate
autonomic and neuroendocrine responses. Hypertension and gastric stimuli elicit
Fos expression in functionally distinct regions of the NTS and in overlapping
regions of the ventrolateral medulla (VLM) of rats. Fos-like immunoreactivity (FLI)
and retrograde tracing were used to determine if the NTS neurons that respond to
phenylephrine-induced hypertension or stimulation from cholecystokinin (CCK)
project to the VLM.
Male rats were injected with either Rhodamine-labeled beads or Fluoro-Gold
unilaterally into the VLM and allowed to survive one week. Then these rats were
either made hypertensive (30-40 mm Hg over baseline) by constant intravenous
infusion of phenylephrine (5-10 pg/kg/min for 90 mins) or received an injection of
CCK (100 |ig/kg, i.p.). Tissue sections were then processed for FLI.
Retrogradely labeled somata were distributed in the NTS similar to hypertensioninduced FLI but were distinct from neurons expressing Fos after CCK injection.
Hypertensive stimuli elicited FLI in the dorsal part of the commissural NTS caudal
to area postrema, overlapping the distribution of retrogradely labeled neurons. In
contrast, after CCK injection FLI was scattered throughout the commissural NTS
caudal to the area postrema. At the level of the area postrema, the majority of Foslabcled neurons after hypertension were in the dorsolateral and medial subnuclei.
Retrograde labeling was present in the dorsolateral and sparsely in the medial
subnuclei, but not in the commissural NTS at this level. After CCK, FLI was
present primarily in the commissural nucleus, the medial subnucleus, and area
postrema at this level. These results show that NTS neurons responding to
hypertension but not CCK overlap with a population of neurons that project to the
VLM. Supported by NIH grants NS 07323 (RGM), NS 23941 (WEA), HL 25877
(SLB) and HD 20074 (WRC).

733.9

NADPH-DIAPHORASE ACTIVITY AND FOS EXPRESSION IN
BRAIN
NUCLEI
FOLLOWING
NITROGLYCERIN
ADMINISTRATION. Cristina Tassorelli* and Shirlev A. Joseph. Department

of Surgery, Division of Neurological Surgery, University of Rochester Medical
Center, Rochester, NY 14642 and *Department of Neurology "C. Mondino"
Foundation, University of Pavia, I 27100.
Organic nitrates are considered nitric oxide (NO) donors since they have been
shown to form NO in vitro and in vivo. Nitroglycerin (NTG) is an organic nitrate
which possesses several centrally-mediated effects, some of which have been shown
to be influenced by the noradrenergic system. Recently it has been demonstrated
that NTG can directly influence the electrical activity of neurons in the nucleus
tractus solitarius, probably by way of the local release of NO. In a previous report
we have shown that systemic Nt G is able to induce Fos expression in brain nuclei
which are known to contain also the NO synthesizing enzyme (NOS). Neuronal
NADPH-diaphorase (NADPH-d) has been shown to be a NOS. In this study
NADPH-d histochemistry was used to evaluate the distribution of the neurons
which express Fos following the systemic administration of NTG within the pool
of neurons which contain the NOS.
These data demonstrate that Fos was significantly co-localized with NADPH-d
activity in specific subsets of neurons in the paraventricular and supraoptic nuclei
of the hypothalamus. Only a few neurons were double labeled for Fos and
NADPH-d activity in the brainstem, but NADPH-d positive fibers were found
consistently co-distributed with Fos immunoreactive neurons in the locus
coeruleus, parabrachial nucleus, nucleus tractus solitarius and spinal trigeminal
nucleus caudalis.
These findings demonstrate that NTG administration activates a selective group
of neurons which are a source of NO or which are in close proximity with
neuronal processes containing NOS and suggest a possible involvement of NO as a
mediator of the central effect of NTG. Supported by grants NS21323 (S.A.J.) and
AI94.00462.04 (C.T.)

733.10

ALPHA-2 ADRENOCEPTORS MODULATE HYPOTHALAMIC FOS-LIKE
IMMUNOREACTIVITY IN THE CONSCIOUS SUCKLED RAT.
Bailey, A ,R. T.. Clarke, G.1 Russell, J.A*. and Tolchard, S1
Department of Physiology, University of Edinburgh, Edinburgh. EH8 9AG. U .K.
1 Department of Anatomy, University of Bristol, Bristol. BS8 ITD. U .K.
The supraoptic nucleus (SON) has a high density of alpha-2 adrenoceptors and
previous studies have indicated a role for these receptors in controlling the activity of
SON neurones in the anaesthetised suckled rat. To investigate the role of alpha-2
adrenoceptor mediated transmission in the unanaesthetised animal we have examined
the effects of a systemically administered alpha-2 adrenoceptor agonist, clonidine and
an antagonist, idazoxan, on SON Fos-like immunoreactivity (Fos-LI) in the conscious
suckled rat. Lactating Wistar rats, chronically implanted with an intravenous
catheter, were separated from their litter for two hours which was then weighed. The
mothers were then given an intravenous injection of cither clonidine (50p.g/kg, n=7),
idazoxan (0.5mg/kg, n=6) or saline (0.2ml, n=7). The pups were returned and
maternal behaviour recorded for 90 minutes then the litters were reweighed. Rats
were then killed and brain sections immunocytochemically processed for Fos-LI.
Saline-treated animals had a mean litter weight gain of 7.9±1.4g and displayed
7.9±0.8 milk-ejections in 90 minute. Fos-LI was observed in the SON of all salinetreated rats (99.9±4.9 cells/section). Clonidine reduced both litter weight gain
(5.8±1.4g) and milk-ejection number (5.1±l.l) and SON Fos-LI was also
significantly reduced compared to saline-treated controls (19.4±2.7 cells/section,
P<0.01 Mann Whitney U-test). Idazoxan also decreased litter weight gain (4.2±0.5g)
and milk-ejection number (4.0±1.4) in addition to reducing Fos-LI in the SON
(30.9±2.8 cells/section. P<0.05 Mann Whitney U-test) . These results indicate that
activation of neurones in the SON can be attenuated by systemic injection of
clonidine and idazoxan providing evidence for the involvement of alpha-2
adrenoceptors in the control of SON neuronal activity in the conscious lactating rat.

EFFECTS OF ACUTE AND CHRONIC HALOPERIDOL TREATMENT
ON MELATONIN SYNTHESIS IN RAT PINEAL GLAND. L. Steardo*.
P. Monteleone". M. Persichella. M. Mazzoccoli. A. Attanasio and V.
Cuomo. Dept . of Pharmacology, Universitary Medical School, Bari (Italy).
+Dept . of Psychiatry, Universitary Medical School, Naples (Italy).
The nocturnal production of melatonin by the mammalian pineal gland
occurs in response to noradrenergic stimulation. It is well established that
noradrenaline (NA) acting on a pi receptor, and to a lesser extent on a ai
receptor, activates the rate-limiting enzyme serotonin-N-acetyltransferase
(NAT). However, recent data indicate that receptors others than NA can
play an important modulatory role in the process of melatonin production.
Preliminary evidence from in vitro studies has been provided suggesting that
dopamine (DA) may affect melatonin synthesis in rats. To characterize the
precise role of this cathecolamine on die physiological activity of the rat
pineal gland, the authors have investigated die effects of acute and chronic
administration of haloperidol (Imgkg, i.p.) on the nocturnal NAT activity
and melatonin pineal content.
Results have shown that, as compared to saline, both acute and chronic
haloperidol treatment significantly antagonized the nocturnal increase of
pineal NAT activity (p < 0.0005 for the acute experiment, and p < 0.001 for
the chronic one) and melatonin levels (p < 0.001 for both acute and chronic
experiments).
Therefore, the present data support the view that DA partecipates to the
complex mechanisms which regulate the physiological production of
melatonin in the rat pineal gland.

733.11

733.12

VAGINOCERVICAL STIMULATION INDUCES C-FOS

DOPAMINERGIC ANTAGONISTS ENHANCED THE NEUROSTEROIDINDUCED MODULATION OF THE NMDA-EVOKED [3H]NE OVERFLOW IN
THE RAT HIPPOCAMPUS. F. Villemain*. F.P. Monnet & E.E. Baulieu. DRCDPIM AP-HP, CNRS-UPR2212 & INSERM-U33, F-94276 Kremlin Bicetre, France.
We have recently shown that both dehydroepiandrosterone sulfate (DHEAS) and
pregnenolone sulfate (PREGS) potentiated and reduced, respectively, concentrationdependently the /VmeChhllD-aspartate(NMDA)-eyoked [3H]norepinephrine (pH]NE)
overflow from preloaded hippocampal slices of spayed rats. While haloperidol, via
acting on sigma sites antagonized both DHEAS- and PREGS-induced modulations of
the NMDA response, spiperone, another butyrophenone with low affinity for sigma
sites enhanced the neurosteroid-mediated responses. Spiperone, like haloperidol, binds
to dopaminergic, serotoninergic and cholinergic sites. The present experiments were
thus carried out to determine the nature of the effect of spiperone on neurosteroidinduced modulation of the NMDA response in the in vitro release model by
measuring actions of various (non)selective ligands for these sites. Hippocampal slices
from spayed Sprague-Dawley rats were incubated with 0.1 jimol/l pH]NE for 30 min
and superfused continuously with Mg++-free Krebs’solution containing PREGS or
DHEAS in the presence or absence of the following antipsychotics: haloperidol,
chlorpromazine, sulpiride as well as ritanserine and atropine. 40 min later, the
[3H]NE overflow was evoked by NMDA (200 jiM). In the presence of the D2
dopaminergic antagonists sulpiride and chlorpromazine, PREGS (300 nM) failed to
reduce, whereas DHEAS (300 nM) further potentiated the NMDA-evoked [3H]NE
overflow. Conversely, ritanserine and atropine, devoid of affinity for dopaminergic
sites, were ineffective in modifying both DHEAS- and PREGS-induced modulation
of the NMDA response. The present results constitute the first evidence supporting
the notion that neurosteroids, such as DHEAS and PREGS, interact with central
monoaminergic neurotransmission and support the notion that neurosteroids may
constitute relevant probes for neuropsychiatric diseases.

R Guevara-Guzmfn*, G A Donatti-Albarrdn and M L Weiss*, Dept de Fisiologia,
Facultad de Medicina, UNAM ; Department of Anatomy and Physiology, Kansas
State University, Manhattan, Kansas*
It has been published that vagino-cervical stimulation (VCS), induces reproductive
behaviors in female animals, ha the present study, we investigated the effect of VCS
to induce Fos in different brain nuclei in the female albino rat. For one week, the
animals were familiarized with die investigator, then the animals were placed in a
special box and a Foley catheter was inserted into the vagina until the tip reached die
cervix. 0.5-0.8 ml of room temperature water was infused into die balloon and it
remained distended for 5-20 min. In the control group, the catheter was inserted but
not distended for the same period of time. The animals were allowed to survive for
a 60 min after VCS was completed. Then, the animals were deeply anaesthetized
and perfused with 0.9 % NaCl solution followed by 500 ml of 4% paraformaldehyde.
Fos immunoreactivity in the nuclei of neurons (Fos labelled cells) was visualized by
conventional ABC immunohistochemistry using DAB dehydrochloride as the
chromogen agent. Fos-like immunoreactivity was induced differentially depending
upon the duration of die VCS. The nuclei mainly labelled were: lateral septal,
mPOA, diagonal band of Broca, BNST, VMH, medial amygdala, paratenial
thalamus, paraventricular thalamus, lateral central gray. Control animals showed die
same labelling pattern as the animals which received VCS for 5-10 min. On the
contrary die group of 15 min up of VCS shown a higher amount of labell cells. In
contrast, animals which received greater than 15 min .of VCS had more labelled
cells. The animal that in diestrus-proestrus had more labelled cells than those in
diestrus. These results have important implications concerning the neural
mechanisms involved in the control of female sexual behavior.
Supported by DGAPA # IN200594
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SERUM PREVENTS STELLATION OF CULTURED PITUICYTES
INDUCED BY CYCUC NUCLEOTIDE. K.D. Ramsell* and P.
Cobbett.
Dept. Pharmacol./Toxicol. and Neuroscience
Program, Michigan State Univ., E. Lansing, Ml 48824.
Pituicytes (neurohypophysial astroglia) from adult rats exhibit
morphological changes when intracellular. cAMP is raised by
activation of adenylate cyclase (Ramsell & Cobbett, Soc.
Neurosci. Abstr. :20,96,1994). Since a component of serum,
lysophosphatidic acid, reverses 0-adrenoreceptor mediated
stellation of rat C6 glioma cells (Koschei & Tas, Exp. Cell Res.:
206,162-166,1993), we have investigated the effects of newborn
calf serum (NCS) on cAMP mediated stellation of cultured
pituicytes. The fraction of stellate pituicytes was significantly
increased when cultures were incubated in medium containing
forskolin (5nM, 0.94 ±0.01) compared to that seen in control
medium (0.06±0.01). The effect of forskolin was significantly
reduced when 0.5% NCS was also included in the incubation
medium.
NCS also blocked . stellation induced by the
phosphodiesterase inhibitor IBMX
M) and by 8bromo-cAMP
(10QuM). These data indicate that serum prevents stellation of
pituicytes by a mechanism independent of intracellular cAMP
concentration. Supported by NINDS (NS28206).

733.15

CALCIUM ENTRY FROM EXTRACELLULAR FLUID IS NOT
REQUIRED FOR PROLONGED HORMONE SECRETION FROM
APLYSIA NEUROENDOCRINE CELLS. N. L. Wavne* . Dept. Physiology,
UCLA School of Medicine, Los Angeles, CA 90024.
In most neurosecretory systems investigated, membrane
depolarization opens voltage-gated calcium channels and Ca++ enters the
cell from extracellular fluid, stimulating exocytosis of secretory granule
contents. This does not seem to be the case for neuroendocrine bag cells of
Aplysia that secrete the peptide hormone egg-laying hormone (ELH).
Recently we have shown that once a bag-cell electrical afterdischarge is
initiated, Ca++ influx is not required for prolonged ELH secretion (Wayne
and Frumovitz, 1995). However, it is possible that brief Ca++ entry
during the afterdischarge triggers prolonged Ca++ release from
intracellular stores, thereby stimulating prolonged peptide secretion. In
an initial test of this hypothesis, bag-cell preparations maintained in vitro
were treated with the calcium ionophore X537A (50 pM) dissolved in
artificial seawater (ASW) containing 5 mM Ca++/10 mM EGTA. This
ionophore can carry Ca++ from extracellular and intracellular sources. By
blocking entry of Ca++ from extracellular fluid with the calcium chelator,
the only source of Ca++ should be from intracellular stores. This
treatment stimulated significant ELH release during the entire 120-min
treatment period in the absence of action-potential firing. Total ELH
release from preparations treated with X537a (1.2 ± 0.6 pg/ml, n=3) was
similar to that from a control group treated with normal ASW and in
which secretion was stimulated by an electrical afterdischarge (1.5 ± 0.3
pg/ml, n=5). These results show that a sustained rise in intracellular
calcium is sufficient to stimulate ELH release in the absence of an
electrical afterdischarge, and are consistent with a model of secretion in
which peptide hormone release does not require Ca++ influx from
extracellular fluid. Supported by NIH NS-33548.

733.17
LONG DISTANCE DIFFUSION OF DEXTRAN ALONG 'NERVE FIBRE
BUNDLES. ASPECTS ON VOLUME TRANSMISSION
B. Bjelkel*. R. England*. C. Nicholson^, M. E. Rtce^, I. LindtbfgkjL
ZolA L. F. AgnatA K. Fuxe*

1 Department of Neuroscience, Karolinska Instituted 171 77 Stockholm,
Sweden. *Kebo Lab AB, Fagerstag 18, 163 94 Sp&nga, Sweden.
^Department of New York University Medical Center, New York, USA.
^Department of Human Physiology, University of Modena, Modena, Italy
The mapping out of preferential diffusion pathways in the living brain is
basic to the concept of Volume Transmission. Texas Red labelled dextran, a
marker for the extracellular space, was injected from the dorsal side of the
brain unilaterally into the neostriatum in rats (03 - 30 pg/pl) and evaluated
1 min to 5 h later. Confocal laser microscopy including co-localization
analysis in combination with myelin basic protein staining demonstrated
that the Texas Red labelled dextran (5 min, 3 pg/pl) was associated with
small channel-like pathways parallel to the myelinated fiber bundles and
separate from the MBP-1 immunoreactivity of the fiber bundles. In
addition, strong labelling along the myelinated fibre bundles was seen
reaching into the entire neostriatum as well as into the corpus callosum
and external capsule on the contralateral side. A diffusion in the neuropil
was observed with a clearance starting after 30 min. A marked cellular
uptake and accumulation of labelled dextran was found in putative
perivascular pericytes. Thus, in the living brain preferential extracellular
fluid pathways for diffusion may exist along myelinated nerve fiber
bundles.
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733.14
CHARACTERIZATION AND EXPRESSION OF LOBSTER PREPROHORMONES INVOLVED IN METABOLISM, MOLTING AND REPRODUCTION
Dominique P.V. De Kleiin1,3. Susan L. Waddy2. Gerard J.M. Martens1. Ronald
Verwer3* and Francois Van Herp1. 1 Department of Animal Physiology, University of Nijmegen, Toemooiveld, 6525 ED Nijmegen, The Netherlands. 2 Invertebrate Fisheries Section, Biological Station, St Andrews, New Brunswick, Canada
E0G 2X0. 3 Netherlands Institute for Brain Research, Meibergdreef 33, 1105 AZ
Amsterdam
The crustacean hyperglycemic hormones (CHH-A and -B) are primarly involved
in the regulation of carbohydrate metabolism while the gonad-inhibiting hormone
(GIH), inhibits vitellogenesis and belong to a new neuropeptide family. In order to
get more information on the synthesis, storage, release and possible function(s) of
CHH-A, CHH-B and GIH during the reproductive cycle, we measured the levels
of their mRNAs in the X-organ, their peptide storage in the neurohemal organ and
their hemolymph peptide levels at different stages of the female reproductive cycle.
For CHH, a high CHH-A mRNA level was found at the previtellogenic stage
while CHH-B mRNA levels were higher in the mature as well as in the previtellogenesis stages when compared to the other stages. During previtellogenesis, high
storage levels for both CHHs were found in the sinus gland. In the hemolymph,
the total amount of CHH (CHH-A plus -B) was high only during maturation. For
GIH, a low level of mRNA in the X-Organ and a low amount of the GIH-I isoform in the sinus gland were found only in the immature stage. In contrast, GIH
hemolymph levels were high during the immature and previtellogenic stages.
Together, we conclude that CHH-A and -B are probably involved in triggering the
onset of vitellogenesis and especially CHH-B seems to be responsible for stimulating oocyte maturation before spawning, while GIH prevents the start of vitellogenesis in the ovary. Moreover, the balance between the hemolymph levels of CHHs
and GIH may regulate the synchronization of reproduction and molting during the
bi-annual reproductive cycle of the American lobster.

733.16

PATTERNS OF AFTERDISCHARGE (AD) AND EGG-LAYING
HORMONE (ELH) RELEASE FROM BAG CELLS UNDER DAILY
ELECTRICAL STIMULATION. W. Lee* and N. L. Wavne. Dept, of
Physiology, UCLA Sch. of Med., Los Angeles, CA 90024.
ELH of the marine mollusk, Aplysia, is synthesized by neuroendocrine
bag cells and its secretion is triggered by an electrical AD. During the
breeding season, ELH synthesis rate is elevated, and egg-laying behavior
often occurs daily in response to ELH secretion. To investigate how ELH
synthesis and the pattern of its secretion are regulated when the demand
is high, we used a bag cell preparation that remains stable for days in
vitro (n=4). To determine their electrophysiological and ELH secretory
capacities with repeated stimulation, bag cells were dissected from the
abdominal ganglion, and individual clusters were separated and placed in
artificial sea water containing 100 pCi/ml 3H-leucine.for 20-24 hours, and
then electrically stimulated on each successive day for up to 5 days, which
would mimic daily bouts of AD and ELH release that induce egg laying in
freely-behaving animals. During these days each cluster was maintained
in HEPES-buffered Eagle's medium II except during the 130-min
experimental period. The results showed that while the pattern of action
potential firing remained stable, total ELH release per day gradually
decreased over time. This gradual decline in release was shown to be a
function of repeated stimulation rather than time in culture. Also,
secretory patterns of 3H-labeled acid-precipitable peptides appeared to be
consistent with those of ELH, but this release of newly synthesized
peptides was highest on the third day of the experiment. These results
suggest that daily release of ELH (as often occurs during breeding season)
can eventually exhaust the synthetic/secretory machinery underlying
peptide secretion. Supported by NIH-NS33548 (NLW).
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MAPPING MICTURITION CONTROL AREAS IN THE CENTRAL NERVOUS
SYSTEM WITH POSITRON EMISSION TOMOGRAPHY (PET)
Bertil F. M. Blok* *. Antoon T. M. Willemsen^ and Gert Holstegel * Department

of Anatomy and Embryology, University of Groningen, The Netherlands; ^PET
Center, University Hospital Groningen, The Netherlands.
Little is known about the brain structures controlling mieturition or voiding.
Indirect evidence from patients with cerebrovascular lesions, large brain tumors
or lobotomies suggest that voluntary control of micturition in humans depends on
the integrity of the medial surface of the frontal lobe (including the anterior
cingulate gyrus) and the septal and preoptic regions of the hypothalamus. In this
study an attempt was made to identify cortical and subcortical areas involved in
micturition in healthy human volunteers.
Cerebral activation was monitored in 7 right-handed male volunteers (23-50
years) using a CTI ECAT 951/31 whole body positron emission tomograph.
Changes in regional cerebral blood flow (rCBF) were measured using the
intravenous radioactively labeled water (H2150) bolus technique. An injection of
1.85 MBq H2150 was given for each run. Scanning was made during 3
successive conditions: 1) with a filled bladder, 2) during micturition, and 3) with
an empty bladder. Shifting from the condition with a filled bladder to the
condition in which the micturition took place indeed altered the pattern of rCBF.
During micturition, a significant increase (p<0.0l) in rCBF was found in the
ventral hypothalamus, parts of the striatum, the left anterior cingulate gyrus, the
caudal periaqueductal gray (PAG), and the possible human M-region or pontine
micturition center. The results support previous animal research which indicated
that the M-region, the PAG and the preoptic area of the hypothalamus play a
central role in the control of micturition (Holstege, 1987; Blok and Hoistege,
1994). The results suggest a remarkable similarity between the organization of
micturition in cats and humans. Understanding the control of micturition in the
human might help to understand the pathophysiology of urge incontinence, one of
the major problems in elderly.

BRAIN AND SPINAL NEURONS IDENTIFIED IN THE FEMALE RAT AFTER
INJECTION OF PSEUDORABIES VIRUS (PRV) INTO THE BLADDER BODY,
BASE AND EXTERNAL URETHRAL SPHINCTER (EUS). L. Marson.* Division
of Urology, University of North Carolina School of Medicine, Chapel Hill, NC 27599
Bladder disorders are common in females. Continence and voiding are dependent
upon the functional integration and co-ordination of detrusor and urethral
mechanisms. These mechanisms are modulated by neural inputs from the brain and
spinal cord. Transneuronal tracing with PRV was used to identify the spinal and
brain neurons that innervate the female bladder and urethral, sphincter. Bartha’s K
strain of PRV was injected into either the bladder body, bladder base or EUS (1-4 pi.
l0*pfu/ml). Rats were perfused 4 or 5 days after the injections. Bladder injections
labelled neurons in the IML and dorsal grey commissure (DGC) of segments L6-S1
and T13-L3 and in the medial cord of the intervening segments. After a 5 day
survival, PRV cells were also found in laminae II and III of the dorsal horn. Fewer
and more localized cells were found after PRV injections of the bladder base. PRV
injected into the EUS, labelled motoneurons in the dorsolateral subdivision of OnuFs
nucleus. Longer survival times also labelled neurons in the dorsomedial and
ventrolateral subdivisions of OnuFs nucleus. PRV labelled cells were also found in
the IML and DGC of segments L6-S1 and T13-L3, after EUS injections. In the brain,
areas common to both bladder and EUS injections were: paragigantocellular and
gigantocellular medullary reticular formation, raphe magnus, A5, locus coeruleus and
subcoeruleus, Barrington’s nucleus and the lateral and ventral central grey. More
rostrally PRV cells were found in the posterior, dorsal and lateral hypothalamic areas,
tuber cinereum, paraventricular nucleus of the hypothalamus and the preoptic region.
These studies demonstrate a high degree of overlap between bladder smooth muscle
and EUS striated muscle central nervous system projections. However, some
differences were observed in the extent of labelling. (Supported by NIH grants
NS29420 and DK49503).

734.3

734.4

TRANSYNAPTIC LABELING OF NEURONS WITHIN THE CNS WHICH
CONTROL THE BLADDER OR PENIS OF THE CAT. V.Erickson. J.R.Roppo Io ,
A.M.Booth*. M.A.Vizzard. J.P.Card. and W.C.de Groat Depts. of Pharmacol. &
Neurosci., Univ. of Pittsburgh, Pgh, PA 15261
This study used the transynaptic tracer pseudorabies virus (PRV) to determine the
location of efferent neurons and intemeurons within CNS pathways that control the
bladder or penis. Under halothane anesthesia PRV (10-20/1, 1.7x10s pfu/ml, Becker
strain) was injected unilaterally into the bladder wall or penis of cats. Animals were
perfused 60-115 hours later. PRV injected into the bladder, labeled neurons (L-NEU)
in the S[-S3 and L,-L, segments of the spinal cord with the majority of the L-NEU in
S2 and L,. In the sacral cord L-NEU were in the lateral, sacral parasympathetic
nucleus (SPN), the dorsal commissure (DC), in the superficial layers of the dorsal
horn (DH), and a few L-NEU were also in OnuFs nucleus. At the lumbar level LNEU were in the intermediolateral cell column (IML), in the DC and in the
superficial layer of the DH. In animals allowed to survive >96 hours, brainstem
labeling was medial to, and overlapping with locus coeruleus (LC) neurons and
extending into the periaqueductal grey and the pontine reticular formation. A few LNEU were also in the raphe nucleus at the level of the pons. In two separate animals
either the S,-S3 dorsal roots (DRX) or ventral roots (VRX) were transected prior to
bladder injection. Following 60 hour survival little labeling was seen the VRX animal.
However many labeled preganglionic neurons (PREG) and intemeurons were seen in
the SPN and DC of the DRX animal. After injection of PRV into the penis L-NEU
were in the S,-S3 and L,-L4 spinal cord with the majority in S,, rostral S2 and L,. In
the sacral cord L-NEU were in the DC, the ventral horn and the medial SPN. L-NEU

MODULATION OF EXTERNAL URETHRAL SPHINCTER (EUS) BY
MICROSTIMULATION OF THE SACRAL SPINAL CORD. J.R.Roppo Io *,
A.M.Booth & W.C.de Groat. Dept, of Pharmacol., Univ. of Pittsburgh, School of
Medicine, Pgh., PA 15261.
The purpose of the present study was to determine sites within the sacral spinal
cord where electrical stimulation with fine tipped microelectrodes produced EUS
contraction or relaxation, either in the presence or absence of accompanying bladder
contractions. Both a-chloralose anesthetized and precollicular decerebrate
unanesthetized cats were used in this study. EUS pressure was recorded via a catheter
passed transurethrally with its tip located at the level of the EUS. Bladder pressure
was recorded isovolumetrically by a catheter through the bladder dome. Sites which
produced EUS contractions were in S2 and caudal S, of both anesthetized and
decerebrate cats and included: (1) areas on or near (200-400/i deep) the surface of the
spinal cord at the dorsal root entry zone (DREZ) and 200-400/ medial or lateral to
the DREZ; (2) deep in the ventral horn and ventral funiculus near the cell bodies and
axons of pudendal motoneurons; (3) in the lateral funiculus, ventrolateral to the dorsal
horn. Although sites which inhibit EUS were sometimes identified in anesthetized
animals the EUS relaxations were'usually of small (10-15cm H20) magnitude and
often difficult to reproduce even in the same animal. EUS relaxation was best
demonstrated in decerebrate unanesthetized cats. Sites which produce EUS relaxation
were often preceded by a small EUS contraction. Sites which produced EUS
inhibition include: (1) sites in and near the sacral parasympathetic nucleus (SPN), (2)
the dorsal hom just dorsal and dorsomedial to the SPN and (3) along the lateral edge
of the ventral horn. Evoked bladder activity was not correlated with the magnitude of
the EUS relaxation. Some sites (ie. deep in ventral horn and ventral funiculus of Sj)
produced large bladder contractions with little or no EUS inhibition (often small EUS
contractions were seen); while small bladder contractions produced by dorsal hom
stimulation were often associated with large EUS relaxation. These studies suggest
that focal microstimulation of the sacral spinal cord may be a useful technique for
producing bladder emptying. [Supported by N01-NS-2-2374].

in the lumbar cord were primarily in the IML. L-NEU were also seen in the
brainstem medial to the brachium conjunctivum and lateral to the LC. This data
suggests: 1) that penile PREG are adjacent to but separate from bladder PREG in the
sacral cord, 2) there is considerable overlap of the intemeurons serving the two
organs and 3) that brainstem neurons controlling bladder or penis are present in
separate regions of the pons. [Supported by NINDS N01-NS-2-2374].

734.5

734.6

PROPERTIES OF NEURONS IN THE REGION OF THE SACRAL
PARASYMPATHETIC NUCLEUS (SPN) IN THE ISOLATED SPINAL CORD
OF THE NEONATAL RAT. Y.B.Yu*. A.M,Booth. W.C.de Groat. Dept.
Pharmacology, Univ. Pittsburgh, Pittsburgh, PA 15261.
Parasympathetic preganglionic neurons (PGN) and interneurons (INT) in
the L6-S1 spinal cord are involved in the control of the urogenital tract and
distal bowel. The present study examined the properties of these neurons in
the isolated spinal cord of neonatal rats (6-11 days old). Extracellular recording
in the SPN region identified two types of neurons. PGN were activated
antidromically at high frequencies (100 Hz) at latencies of 7.5-20 ms by
electrical stimulation (EStim) ofventral roots (VRT). Some neurons responded
synaptically to EStim of dorsal roots (DRT). The synaptic responses consisted
of single spikes and followed only low frequencies Qess than 1 Hz) of EStim.
INT did not respond to VRT EStim but did fire synaptically at 10-25 ms
latency to DRT EStim. INT exhibited multiple spikes (2-4) in response to a
single DRT EStim and followed frequencies up to 2-5 Hz. DRT EStim elicited
early (4-13 ms latency) and late reflexes (up to 30 ms latency) on L6 and SI
VRT’s. Neurons labelled by extracellular iontophoresis of biocytin in the SPN
region were stellate, oval or round in shape and ranged from 10 to 20 pm in
diameter. Some neurons presumably PGN which exhibited long axon-like
processes extending deep into the ventral horn had dendrites which extended
into the lateral funiculus and medially toward the central canal. Small round
or oval neurons in the SPN had dorsoventrally oriented processes. Neurons
with long mediolateral dendrites were identified in the region of the dorsal
commissure. These neurons might be labelled by retrograde axonal transport
of biocytin from the SPN. It is concluded that some PGN and INT in the SPN
are activated by primary afferent inputs via polysynaptic pathways. Thus the
late component (25-30 ms) of the DRT to VRT reflexes could reflect in part
autonomic neuron firing.
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C-FOS EXPRESSION IN SPINAL NEURONS AFTER IRRITATION OF THE
LOWER URINARY TRACT DEPENDS ON SYNERGISTIC INTERACTIONS
BETWEEN NMDA AND AMPA GLUTAMATERGIC TRANSMISSION.
H. Kakizaki. M. Yoshivama and W.C. de GroatlL Dept, of Pharmacology,
Univ. of Pittsburgh, Pittsburgh, PA 15261
Chemical irritation of the lower urinary tract (LUT) of the rat increases the
expression of immediate early gene c-fos in the dorsal hom (DH), dorsal
commissure (DCM) and intermediolateral region including parasympathetic
nucleus (SPN) of the L6-S1 spinal cord. This c-fos expression is decreased by a
large dose (3.5 mg/kg i.v.) of NMDA receptor antagonist MK-801 (Birder &
de Groat, 1992). The role of glutamatergic synapses in c-fos expression
following LUT irritation was further examined using a selective, competitive
AMPA receptor antagonist (LY 215490). Chemical irritation was performed by
a continuous transvesical infusion of 1 % acetic acid in urethane anesthetized
female Wistar rats. The total number of c-/os-positive cells following 2-hr
LUT irritation was 110±2.4 cells/L6 section (45±1.3, 34±1.0 and 31±1.1
cells/L6 section in DCM, SPN and DH, respectively). LY 215490, administered
1 hr before LUT irritation, decreased significantly the number of c-fos-positive
cells in DCM and SPN in a dose-dependent manner (mean % decrease following
3 and 10 mg/kg i.v. : 22% and 51% in DCM, 25% and 43% in SPN,
respectively). In DH, only a large dose of LY 215490 (10 mg/kg, i.v.)
decreased (27-33%) the number of c-/<wpositive cells. A low dose of either
MK-801 (15 min before irritation) or LY 215490 alone (1 mg/kg i.v. of each)
did not alter c-fos expression. However, combination of the low doses of MK801 and LY 215490 significantly decreased the number of c-/os-positive cells in
all regions of the spinal cord (mean % decrease: 29 - 44%). These results
indicate that AMPA as well as NMDA receptors are involved in the spinal
processing of nociceptive input from the LUT and that these two glutamatergic
receptors play a synergistic role in visceral nociceptive processing.
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734.8

DENERVTION AND INFLAMMATION INDUCED INCREASE
OF LOW -AFFINITY NGF RECEPTOR IMMUNOREACTIVITY
IN THE RAT URINARY BLADDER. Y. Wakabayashi, A.
Buchan* and Y. N. Kwok. Dept, of Physiology, University of
British Columbia, Vancouver, B.C. Canada VCT 1Z3
The level of NGF in the urinary bladder has been shown to be
increased following urethral obstruction, denervation or
inflammation, thus suggesting that NGF may play a role in the
control of bladder function. However, little is known about the
distribution and localization of NGF receptors in the urinary bladder.
The objective of the present experiments was to examine
immunohistochemically the distribution and localization of the lowaffinity NGF receptor (LNGFR), which binds all neurotrophins, in
the male adult rat urinary bladder using a specific antibody (192
IgG). In controls LNGFR positive fiber bundles were shown to be
present in the muscle layer. In cyclophosphamide (CYP)-induced
cystitis animals, LNGFR positive fine fibers were observed in the
muscle layer 2 days after CYP treatment (150 mg/kg, i.p.). Three
days after unilateral major pelvic ganglionectomy, LNGFR
immunoreactivity was also increased in fine fibers of the muscle layer
of the denervated side, and this increase peaked at 7 days. Electron
microscopic examination showed that reaction products were located
on the surface of Schwann cells and on the interface of axons and
Schwann cells. Although the significance of the present findings and
the role of LNGFR in the urinary bladder are not certain, these
receptors may play a role in nerve regeneration, sprouting and/or
neural plasticity. (Supported by BCHRF).

734.9

REGULATION OF MICTURITION BY CORTICOTROPINRELEASING HORMONE (CRH) FROM BARRINGTON’S
NUCLEUS. L. A. Pavcovich and R. J. Valentino*. Dept. of
Psychiatry, Hahnemann Univ., Philadelphia, PA 19102.
Barrington's nucleus, a pontine nucleus implicated in micturition,
contains numerous Cr H neurons that project to the spinal
parasympathetic nucleus that innervates the bladder. This study
characterized the effects of selective chemical stimulation of
Barrington's nucleus on bladder function, and determined the role of
CRH-Barrington's projections in these effects. Bladder pressure was '
continuously recorded during intracerebral glutamate microinjection (10
mM, 15-60 nl) in halothane-anesthetized rats. Selective chemical
activation of Barrington's nucleus by glutamate microinjection evoked
bladder contractions corresponding to an increase in pressure of 1-9 mm
Hg, and this effect was regionally specific. The CRH antagonist, D-Phe
CRH 12-41, (3 pg) administered intrathecally (it) increased the magnitude
of Barrington's stimulated contractions. Moreover, the magnitude of
this increase was correlated with the magnitude of chemical activation,
eg., bladder contractions evoked by 15, 30 and 60 nl of glutamate were
increased by 34+13%, 87+21% and 110+23%, respectively (n=7-9). In
contrast to D-Phe c Rh 12-41, CRH (3 pg, it) decreased Barrington's
stimulated bladder contractions (n=7), and artificial cerebrospinal fluid
(3 pi, it; n=5) had no effect. CRh did not alter bladder contractions
evoked by it administered N-methyl-D-aspartate (10 mM). The results
suggest that activation of Barrington's nucleus releases an excitatory
neurotransmitter responsible for bladder contractions, and CRH, which
presynaptically inhibits this neurotransmitter. Through this interaction,
CRH may regulate the micturition reflex.

734.10

SENSORY INNERVATION OF THE RAT LOWER URINARY TRACT: A ROLE FOR
NITRIC OXIDE? K. Persson*. K. Johansson. P. Aim. B. Larsson and K.-E. Andersson.
Departments of Clinical Pharmacology, Zoology and Pathology, University of Lund, Lund,
Sweden.
Retrograde axonal tracing studies have demonstrated nitric oxide synthase (NOS)
positive neuronal structures in segments of the spinal cord which receive afferent input
from the bladder and urethra. Thus, besides being an efferent messenger in the lower
urinary tract, NO may also be involved in afferent neurotransmission. It is possible that
NOS-containing fibres in the detrusor represent sensory fibres, since no clear role of NO
in efferent neuromuscular transmission has been established in this tissue. The objective
of this study was to perform a morphological investigation of the suburothelial/urothelial
innervation of the rat lower urinary tract with special reference to NOS-containing fibres.
The bladder and urethra from control and capsaicin treated female Sprague Dawley rats
were fixed in 4% formaldehyde and the specimens processed for immunohistochemistry.
Calcitonin gene related peptide (CGRP)- and substance P (SP)-immunoreactive (IR) nerves
were observed in the suburothelial region of the bladder and urethra. NOS-IR fibres were
also observed in the suburothelial region, although more sparse compared to CGRP- and
SP-IR fibres. Occasionally, CGRP-, SP- and NOS-IR fibres penetrated into the urothelial
cell layer. Electronmicroscopy confirmed the existence of single, unmyelinated and vesiclecontaining nerve fibres located between the urothelial cells. Capsaicin treatment resulted
in disappearance of both CGRP- and SP-IR fibres. In contrast, the number of NOS-IR
fibres both in the musculature and suburothelium appeared to be unchanged. In conclusion,
the sensitivity to capsaicin and the presence of free nerve endings primarily suggest a
sensory role of fibres in the suburothelium/urothelium. Morphological data do not support
the existence of NOS in the capsaicin-sensitive afferent nerve population in the rat lower
urinary tract.

734.11
MUSCARINIC FACILITATION OF TRANSMITTER RELEASE OPERATES
VIA PRESYNAPTIC L-TYPE Ca2+ CHANNELS IN THE RAT URINARY
BLADDER. G.T. Somogyi* M. Tanowitz, G. Zernova and W.C. de Groat.
Department of Pharmacology, University of Pittsburgh, Pittsburgh PA, 15261.
The effect of N and L type Ca2f channel blockers were studied on muscarinic
receptor mediated facilitation of HC-acetylcholine (ACh) and 3H norepinephrine
(NE) release in the rat urinary bladder strips. After prelabelling the strips with
14C-choline and 3H-NE, two periods of electrical stimulation (SI and S2) were
applied (20 Hz, and 0.25 ms) to increase the release of ACh and NE from nerve
terminals. Control strips yielded an S^/St ratio of O.8810.O6 for NE and
0.5±0.11 for ACh. Drugs were added 20 min before Sj. The Ca2* channel
activator, BAY-K 8644 (2pM) increased the release of NE and ACh (Sz/Sj ACh:
6.44±2.41 and NE: 1.3610.21). The N-type blocker omega conotoxin (c TX) (20
nM) reduced the Sz/Sj values to 0.26 for NE but did not change that of ACh.
The L-type channel blocker, nifedipine (1 /j M) did not change the non-facilitated NE or ACh release. Transmitter release was facilitated by the cholinesterase inhibitor, eserine (5/j M), which produced an Sz/Sj value of 9.62±0.3 for
ACh and 4.06H.28 for NE. This facilitation was blocked by atropine (1 uM),
but was not altered by CTX (20 nM) (S^/Sp ACh 9.02 and NE 3.41). In
contrast, 1 pM nifedipine significantly reduced the eserine facilitated release of
ACh and NE (S^Si-2.0510.53 and 1.4810.27, respectively). These results
suggest that N-type channels modulate the non-facilitated release of NE,
whereas, the facilitated release of both ACh and NE is modulated by L-type
channels. Previously we have shown that Ml facilitation utilizes a p Kc
dependent pathway. It is possible that PKC phosphorylates Ca2* channels
which are an essential link in muscarinic facilitation. Thus, inhibition either of
Ml muscarinic receptors, PKC activity or L-type Ca2* channels will prevent the
facilitation of NE or ACh release. Supported by the NIH grant DK-45741.

Society

BLADDER AND MICTURITION

for

Neuroscience

, Volume

21,1995

EFFECTS OF AMPA/KAINATE (LY215490) AND METABOTROPIC (MCPG)
GLUTAMATERGIC RECEPTOR ANTAGONISTS, ON THE MICTURITION
REFLEX IN RATS. M. Yoshivama*. J.R. Roppo Io , K.B. Thor & W.C. de Groat.
Univ. of Pittsburgh, Sch. Med., Dept. Pharmacol., Pittsburgh, PA 15261 and
Lilly Res. Lab., Indianapolis, IN 46285.
The role of glutamatergic transmission in voiding function was evaluated in
unanesthetized decerebrate rats, by determining the effects of glutamatergic
receptor (GluR) antagonists on urinary bladder and external urethral sphincter
(EUS) EMG activity during cystometrograms. In spinal cord intact (SI) rats,
LY215490 (LY), a competitive AMPA/kainate receptor antagonist, in small doses
(1-3 mg/kg i.v.) decreased bladder contraction amplitude (BCA) and the EUS
EMG by 15-35%; whereas in a large dose (10 mg/kg i.v.), it abolished bladder
and EUS EMG activity. The intrathecal (i.t.) injection of LY (0.1-10 pg)
decreased BCA by 30-100% and increased bladder capacity by 25-90%. Combined
administration of LY (0.1 pg i.t.) and an NMDA receptor antagonist, MK-801
(MK, 1 pg i.t.) which individually had little effect on BCA, completely suppressed
BCA. In chronic (3-4 weeks) spinal cord transected (ST) rats, LY (10 mg/kg i.v.)
decreased BCA only 25% whereas it abolished EUS EMG activity. In ST rats, i.t.
injection of LY (10 pg) decreased BCA by 50%. MK (1 mg/kg i.v.) administered
prior to LY (10 mg/kg i.v.) abolished EUS EMG activity but had no significant
depressant effect on BCA or on the depressant effect of LY on BCA. The
intrathecal injection of (±)-a-methyl-4-carboxyphenylglycine (MCPG, 3-100 pg),
a competitive metabotropic receptor (mGluRj and mGluR5) antagonist, did not
alter bladder activity but increased EUS EMG activity by 85% in SI rats. These
data suggest that AMPA/kainate GluRs have a major role in the excitatory
pathways controlling BCA and bladder capacity in SI rats. However, in ST rats,
AMPA/kainate GluRs which are essential for EUS reflexes, appear to play only
a minor role in bladder reflexes. Metabotropic receptors (mGluRj and mGluR5)
are also involved in control of EUS but not bladder activity.

734.12
CHEMICAL IRRITATION OR MECHANICAL DISTENSION OF THE
URETHRA ELICITS ANO-EXCITATORY AND VESICO-INHIBITORY
REFLEXES IN THE URETHANE-ANESTHETIZED RAT. M.A. Muhlhauser*
and K.B. Thor. Lilly Research Laboratories, Eli Lilly and Co., Indianapolis,
IN 46285
Transvesical infusion of dilute acetic acid (aa) in the intact or chronic spinal
rat evokes a reflexive increase (5 fold) in anal sphincter (AS) activity via
nociceptive fibers. Urinary bladder (BL) inhibition is frequently observed as well.
Additionally, capsaicin (CAP) applied to urethra (UR) has been shown to inhibit
BL. Because transvesical infusion exposes both BL and UR to aa, studies were
conducted to determine whether it is specifically the irritation of BL, or UR, or
both, that is triggering this ano-excitatory and vesico-inhibitory reflex. Rat BL
were infused with saline or aa, BL pressures and AS EMG activity were
recorded. Rats with BL isolated from urethra showed a modest (50%) increase in
AS activity from aa infusion into BL alone but a 10 fold increase from infusion
into the urethra. Infusion of aa into, or mechnical distension of, the isolated UR
inhibited BL activity. CAP pretreatment (75mg/kg 4 days prior) significantly
reduced AS activity elicited from urethral stimulation. Urethral pressure-AS
activity response curves were generated by incremental pressure increases with
either saline or aa. Increasing pressure with saline produced a linear increase in
AS with BL inhibition occuring at 60 cmH20. Acetic acid produced a steeper
increase in AS with BL inhibition at 30 cmH20. Finally, histology of BL tissue
exposed to aa showed damage to epithelium but not underlying muscle. These
studies suggest that rat urethral nociceptive afferent fibers are highly sensitive to
chemical irritation or mechanical distension and mediate spinal ano-excitatory
and vesico-inhibitory reflexes. These findings explain observed urologic
phenomena in the rat and have clinical relevance to conditions associated with
urinary retention accompanying prostatitis or perineal irritation.
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734.14

DESENSITIZATION
OF
BLADDER
SENSORY
FIBERS
WITH
INTRAVESICAL
CAPSAICIN
IN
HUMANS
WITH
DETRUSOR
HYPERACTIVITY. F, Cruz ». M. Guimaraes, C. Silva. M . E. Rio. M. Reis and A.
Coimbra. Institute of Histology and Embryology, Dept, of Urology and Dept, of
Neurology, Faculty of Medicine of Porto, 4200-Porto, Portugal.
Experimental studies have shown that detrusor hyperactivity very often follows
the emergency of a strong spinal micturition reflex triggered by unmyelinated Cfibers. In the treatment of the urinary symptoms associated with this condition
desensitization of C afferent fibers may constitute an alternative to anticholinergic
drugs. With this purpose, capsaicin, the pungent extract of red peppers which is
known to desensitize cutaneous C-afferents,. is currently under investigation. We
treated 10 patients with bladder hyperactivity associated with neurological
disorders (8) pelvic radiotherapy (1) or idiopathic hypersensitive bladder (1). All
patients gave informed written consent. A ImM capsaicin solution in 30% alcohol
was instilled through an urethral catheter and left in contact with the mucosa for
30 minutes. Patients mentioned a burning sensation immediately after capsaicin
instillation that began waning slowly 15 minutes later. After 3 months day and
night urinary frequency decreased about 50% in average and urge incontinence
had disappeared. The average volume at which first desire to void occurred
increased from 103±39ml to 218±113ml (p<0.02) and maximal cystometric
capacity increased from 167±83ml to 350±211ml (p<0.05). Seven patients have
been followed for 6 months and the clinical condition has deteriorated slightly in
one of them. Average volumes of first desire to void and maximal cystometric
capacity were 204±53ml (p<0.001) and 348± 178m! (p<0.05), respectively. Three
patients that completed one year of follow-up showed a pronounced deterioration
of the clinical condition and the cystometric data returned to pretreatment
levels.These findings suggest an important role for bladder afferent desensitization
in the treatment of detrusor hyperactivity.

UROGENITAL REGULATION:

OPPOSITE EFFECTS OF DULOXETINE, A SEROTONIN (5HT)
AND NOREPINEPHRINE (NE) RE-UPTAKE INHIBITOR, ON
NOCICEPTIVE REFLEXES TO THE BLADDER AND
URETHRAL SPHINCTER. K.B. Thor* and M.A. Katofiasc, Eli
Lilly and Co., Indianapolis, IN 46285
5HT and NE systems are intimately associated with CNS control
of LUT function. The present study has examined the effects of
duloxetine (DUL) on bladder capacity and urethral sphincter EMG
activity in chloralose-anesthetized cats. Cystometrograms (CMGs)
were performed under conditions of saline infusion into the bladder
or saline followed by dilute acetic acid (0.5%) infusion. Under
saline conditions, bladder capacity was large (5ml) and sphincter
EMG activity was low. During acetic acid infusion, bladder capacity
was reduced (hyper-reflexia) and sphincter activity was increased.
DUL had weak, non-significant effects on bladder capacity and
sphincter activity during saline infusion. However, during acetic acid
infusion, DUL (0.1 - 3 mg/kg) produced dose-dependent inhibition
of bladder activity (i.e. increase in capacity) and facilitation of
sphincter activity. Various experiments confirmed that the effects
were mediated centrally through 5HT and/or NE receptors. These
results indicate that monoaminergic systems can either inhibit or
facilitate nociceptive-driven input depending on the efferent system
studied. Since inhibition of the bladder and facilitation of the
sphincter would be a coordinated, appropriate behavioral response
under "Tight or flight" conditions, it is tempting to speculate that the
monoaminergic system "directs" nociceptive inputs to, or away, from
specific efferent pathways to produce physiological changes useful in
the context of "fight or flight" situations.
SEXUAL FUNCTION

735.1

735.2

OXYTOCINERGIC INNERVATION OF THE SACRAL PARASYMPATHETIC
NUCLEUS IN THE MALE RAT. Y, Tang, F^GjqligmoL.O^Rampin, J,P, Rousseau and
A. Calas. Dept of Urology and Lab. Chir. Exp., Fac. Med. Paris-Sud, F-94270 Bicetre:
CNRS URA 1488, Univ. Paris 6, F-75005 Paris; CNRS URA 1449, Univ. Paris 6, F75005 Paris.
The sacral parasympathetic nucleus (SPN) contains preganglionic autonomic neurons
destined to the pelvic organs, and is the source of proerectile neurons. Oxytocin (OT)
administered into the cerebral ventricles induces penile erection and yawning in the male
rat. Oxytocinergic cell bodies are present in the paraventricular nucleus of the
hypothalamus. We searched for the presence of oxytocinergic fibers in the SPN using
retrograde labeling combined with immunocytochemistry. In adult anesthetized male
rats, a solution of wheat-germ agglutinin-horseradish peroxidase (WGA-HRP, 25 % in
distilled water) was applied on the central cut end of the left pelvic nerve. Rats were
sacrificed two days later and serial sections of the lumbosacral spinal cord were treated
with tetramethylbenzidine paratungstate and stabilized with diamidinobenzidine-coball
complex to reveal retrograde-labeled SPN neurons. Immunocytochemistry was
performed on the same sections using an anti-oxytocin antibody stained by the
immunoperoxidase method. Retrograde labeled neurons were localized in the
intermediolateral column at the L6 and SI level of the spinal cord. They formed a dense
and homogeneous population. At the same levels, OT-like immunoreactivity was
associated with varicose fibers which were mainly found in the SPN, in the marginal
zone and in the dorsal commissure. Rare OT-positive fibers were seen in the ventral
horn. In the SPN, OT-immunoreactive fibers appeared in close apposition with
retrograde-labeled neurons. At the ultrastructural level, OT-positive fibers containing
DAB precipitates contributed varicose fibers which surrounded retrograde-labeled
neurons and could make on them synaptic contacts. We conclude that oxytocinergic
projections exist on SPN neurons. These results provide a morphological support for
supraspinal control of oxytocin-mediated pelvic functions.

THE AUTONOMIC AND SENSORY INNERVATION OF THE
RAT PROSTATE K.E. McKenna*. C.R. Georges. X.-B. Guan. and

K.T. MeVary. Depts. of Physiology and Urology, Northwestern
University Medical School, Chicago, IL 60611
We have previously demonstrated that the autonomic innervation
exerts a trophic influence on the prostate. Specifically, unilateral
sympathectomy induced an ipsilateral atrophy, while unilateral
parasympathectomy induced a contralateral hyperplasia.
The goal of the present studied was to identify the source of sensory
and autonomic innervation of the prostate. Adult male rats were
anesthetized and Fluorogold (2 |il, 4%) was injected unilaterally into the
ventral prostate under aseptic conditions. After a 7-10 day survival
period, rats were reanesthetized and perfused with fixative. The
sympathetic chain, inferior mesenteric and major pelvic ganglia and
dorsal root ganglia (DRG) were removed. Labeled neurons were
counted in each ganglion. .
The vast majority of labeled postganglionic neurons were located in
the major pelvic ganglion, a mixed sympathetic-parasympathetic
ganglion. Some labeled postganglionic neurons were observed in the
sympathetic chain. Very few labeled neurons were seen in the inferior
mesenteric ganglion. Labeled neurons were observed bilaterally in
approximately equal numbers.
The afferent cell bodies from the prostate were localized
predominantly in the dorsal root ganglia of L6, followed by L5 and SI.
Approximately one third of the labeled DRG neurons were located in
the T13-L2 segments. Labeling of sensory neurons was observed
bilaterally.

735.3

735.4

ESTROGEN RECEPTOR-IMMUNOREACTIVE NEURONS ARE PRESENT
IN THE FEMALE RAT LUMBOSACRAL SPINAL CORD. S.J. Williams* and
R.E. Papka. Department of Anatomical Sciences, University of Oklahoma
HSC, Oklahoma City, OK 73190.
Estrogens are gonadal steroids which stimulate secondary sex
characteristics as well as growth, maturation and behavioral patterns in the
CNS. Previous studies have examined potential sites of action of estrogen
in the CNS by elucidating sites of neurons containing estrogen receptors,
e.g., the hypothalamus, preoptic area and the amygdala. However, little
attention has been directed to revealing estrogen receptor-containing
neurons in the spinal cord, whether such neurons are involved in innervation
of female reproductive organs, or if such neurons project information about
reproductive organs to higher centers. A few studies have mentioned,
somewhat in passing, the presence of estradiol-concentrating neurons in the
spinal cord. Thus, we have undertaken a study of the location and
distribution of estrogen receptor-immunoreactive (ER-IR) neurons in the
female rat spinal cord by using immunohistochemistry.
Intact and ovariectomized rats were anesthetized, perfusion fixed and
the spinal cords removed. The lumbosacral region was sectioned and
immunostained with a rat monoclonal antibody (H222, Abbott Laboratories).
ER-IR was observed mainly in the nuclei of neurons. ER-IR neurons were
located predominately in the dorsal one-half of the spinal cord; specific sites
containing ER-IR neurons include the dorsal horn, the sacral
parasympathetic nucleus, lamina V, lamina X around the central canal and
also extending into the lateral funiculus. The presence of ER-IR neurons in
these regions suggest that neurons can be influenced by circulating
estrogen. The ER-IR neurons could be involved in transmitting information
either peripherally or to higher centers in the CNS. (Supported by NIH Grant
NS22252 and Presbyterian Health Foundation.)

EXPRESSION OF ESTROGEN RECEPTOR (ER) IN NEURONS OF
RAT SPINAL CORD, DORSAL ROOT GANGLIA (DRG) AND PELVIC
AUTONOMIC GANGLIA (PG). B. Srinivasan, R.E. Papka.- and K.E.
Miller. Dept. Anatomical Sciences, University of Oklahoma HSC,
Oklahoma City, OK 73190.
This study was directed to identify spinal cord neurons, sensory neurons
and autonomic ganglionic neurons that could be responsive to estrogen.
Ultimately, we want to use these data in assembling information regarding
central and peripheral neural circuits related to uterine innervation. In situ
hybridization histochemistry and immunohistochemistry were used to
examine the presence and distribution of neurons producing estrogen
receptor (ER) mRNA and ER protein respectively, in the lumbosacral cord
levels L6-S1, L6-S1 DRG and PG of ovariectomized (ovex) and intact
female rats. Unfixed spinal cords and ganglia were harvested from adult
Sprague-Dawley rats, sectioned on a cryostat and sections processed for
in situ hybridization histochemistry using oligonucleotides [48 bases]
labelled with digoxigenin d-UTP. Immunohistochemistry was performed on
sections of aldehyde-fixed spinal cords and ganglia using antisera from
several different sources; sites of ER-immunoreactivity(IR) were visualized
with an ABC reaction. Neurons with ER-IR nuclei were identified in the
dorsal one-half of the spinal cord including preganglionic parasympathetic
nuclei, lamina X and dorsal horn; labeled neurons were also present in the
DRG and PG. ER mRNA expression was evident in many neurons in the
spinal cord including those areas containing ER-IR neurons. Numerous
neurons in the PG and DRG expressed ER mRNA; those in the DRG were
mainly small and medium-size. Labeling was more evident in the ovex
rats. These data suggest there are abundant neurons in the spinal cord and
peripheral ganglia which could be responsive to circulating estrogen.
(Supported in part by NIH grant NS-22526).

Society

for

Neuroscience

, Volume

21, 1995

WEDNESDAY PM

UROGENITAL REGULATION:

735.5

IDENTIFICATION OF 5-HT RECEPTOR SUBTYPES INVOLVED
IN SEXUAL REFLEXES IN THE SPINAL CORD OF MALE RAT.
X.-B. Guan*. K.T. McVarv and K.E. McKenna. Depts of Physiology
and Urology, Northwestern University Medical School, Chicago, IL
60611
We have previously demonstrated that spinal sexual reflexes are under
the control of a descending inhibitory 5-HT pathway from the nucleus
paragigantocellularis (nPGi). However, the specific receptor mechanism
involved in this process has not been identified. The purpose of this
study was to identify the 5-HT receptor subtype(s) involved in the
descending control of sexual reflexes. Primers for 5-HT receptor
subtypes 5-HT ia , 5-HT ib and 5-HT f were designed and synthesized.
A reverse transcription followed by polymerase chain reaction (RT PCR) for these three 5-HT receptor subtypes were conducted to observe
the expression of these receptors at the message level in the lumbosacral
segments of the spinal cord. Male Sprague-Dawley rats were used in
this study. The spinal cord was dissected into L1-2, L3-4, . and L 5-S 1
segments and then further dissected into dorsal and ventral portions.
Total RNA was used for reverse transcription. The PCR products were
resolved on a 2% MetaPhor agarose gel stained with ethidium bromide.
The expected size of products for all three receptor subtypes were
obtained (342 bp for 1A, 244 bp for IB and 494 bp for IF, respectively).
Glyceraldehyde-3-phosphate dehydrogenase (G3PDH) was co-amplified
as an internal standard. The density ratio of the 5-HT receptor and
G3PDH was used to quantitate the mRNA amount. While the IB
receptor has been clearly identified in the lumbosacral segments of the
spinal cord, the distribution of the other receptor subtypes and the
control mechanism are still under the investigation.

735.7

CYTOCHROME OXIDASE STAINING IN THE RAT MAJOR PELVIC
GANGLION (MP3) . W, G, Pail*. R. Galindo, F. Harii. L, Levba
and V. Barba. Dept. of Anatomy, Univ. New Mexico, School of
Medicine, Albuquerque, NM 87131
Pelvic autonomic neurons display a variety of
neurochemical and functional differences, which in part
reflect the diverse reproductive and eliminative organs
they regulate. This study
localizes cytochrome oxidase
(CO) activity to determine if the heterogeneity in pelvic
neurons extends to a marker of metabolic activity.
A
distinct topography is apparent in that neurons which stain
lightly for CO are localized in the ventral portion of the
MPG near the entry of the hypogastric nerve (HN) , while
darker neurons predominate in the dorsal pole. The most
intensely reactive neurons are located in a longitudinal
band in the central region of the MPG. Terminals (verified
by their disappearance after cutting the HN) around lightly
stained neurons vary in size and are foci of intense CO
activity, whereas terminals surrounding neurons in the
dorsal pole are less apparent. Topographic relationships
and immunoreactivity for tyrosine hydroxylase suggest that
large cells with relatively low CO activity are adrenergic
neurons while penile neurons (located by retrograde tracer)
are moderately active. These findings suggest that the
varied basal metabolic activity of neurons in the MPG
mirrors the level of synaptic activity needed to regulate
respective pelvic organs. Supported by NIH R011983-11.

735.9
CLOMEPHENE CITRATE (CC) IMPROVES SPERM MOTILITY IN
SPINAL CORD INJURED (SCI) MEN. CM. Lvnne^ind N.L. Brackett. Dept
Urology, The Miami Project to Cure Paralysis, and Dept, of Neurological
Surgery, U. Miami Sch. Med., Miami, FL 33136
Die majority of men with SCI are in the parenting age group. Most of these
men suffer from low numbers of motile sperm. This pilot study assessed the
efficacy of CC for improving sperm motility in SCI men. Four volunteer SCI
men had monthly semen analyses for 6-12 months prior to CC ("-CC"), and then
again for 6-12 months during treatment with CC, ("+CC") given as 25 mg orally
every other day. Die following semen parameters were measured in the "-CC"
and in the "+GC conditions: (a) total number of sperm per ejaculate, (b)
■umber of motile sperm per ejaculate, (c) percent motile sperm per ejaculate,
(d) total number of sperm with rapid linear motion per ejaculate, (e) the percent
of motile sperm per ejaculate with rapid linear movement, and (f) the percent
motile sperm in the antegrade fraction only. ANOVA was used to evaluate the
statistical significance of any changes in the "-CC and "+CC conditions. All
measures of sperm motility improved significantly with CC treatment. There was
no difference in the total number of sperm per ejaculate with CC treatment
Based on this small group of subjects, it appears that CC may improve sperm
motility in SCI men. To our knowledge, no treatment regimen has heretofore
been shown to have any efficacy in these subjects. A larger study is needed
evaluate the effect in more SCI men and to evaluate the effect on fecundity.
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735.6
BIOCHEMICAL EVALUATION OF NITRERGIC INNERVATION OF THE RAT
PENIS. J. Bemabg*. A. Meulemans. O. Rampin and F. Giuliano. Lab. Neurobio.
V6g6tative, I.N.R.A., F-78352 Jouy-en-Josas, Lab. Biophysique, Hopital Bichat, F75018 Paris and Lab. Chir. Exp., Fac. M^decine Paris-Sud, F-94270 Bicetre.
In vitro and in vivo experiments have demonstrated the role of nitric oxide (NO) in the
relaxation of smooth muscle fibers of penile erectile tissue. Nitric oxide synthase (NOS)
catalyzes the formation of NO and L-citrulline from L-arginine. NO reacts with oxygen
to produce nitrite (NO2-) and nitrate (NO3-). Nitrergic axons to the penis are derived
from the major pelvic ganglion and conveyed by the cavernous nerve. Using
biochemical tools, we quantified the nitrergic mediation of neural origin in the corpora
cavernosa. Cavernous nerves were cut bilaterally in 35 adult male rats (CNx) and 35 rats
were sham operated (Co) and allowed a 7-day recovery period. Total amounts of NOS
(|ig) and NOS specific activity (pM/hour/mg NOS) were measured by quantification of [
3-H] citrulline (Bredt et al., 1990) in homogenates from the corpora cavernosa. NOS
specific activity in the cerebellum was used as the reference. NO2 - + NO3 - assays were
performed using a sensitive method of capillary electrophoresis with direct U.V.
detection (Meulemans and Delsenne, 1994). Total amounts of NOS were comparable in
Co and CNx rats (33.6 + 2.1 and 28.6 ±4.1, respectively). In Co rats, NOS specific
activity was 0.025 ± 0.004 in the corpora, and 0.071 +0.019 in the cerebellum. In CNx
rats, NOS specific activity was decreased by 20 % in the corpora (0.020 + 0.004), but
not in the cerebellum (0.064 + 0.012). NO2 - + NO3 - levels were 1.23 ± 0.12 in the
corpora of Co rats and 0.90 + 0.06 in the corpora of CNx rats (a decrease of 27 %
relative to Co rats). These results indicate that neuronal NOS represents a small part of
total NOS in the corpora. Nevertheless, a decrease in NOS specific activity in CNx rats
suggests that neuronal NOS plays a significant physiological role. This hypothesis is
reinforced by the fact that the total amount of NO2 - + NO3 - decreased in the corpora
cavernosa in CNx rats. Moreover, from comparison of total amounts of NOS and NOS
specific activity in control and denervated corpora, we infer that neuronal and nonneuronal NOS display different specific activities.

735.8
HORMONAL CONTROL OF CHOLINERGIC, NORADRENERGIC AND
PEPTIDERGIC TRANSMITTERS IN AUTONOMIC GANGLIA. R. W.
Hamill*. V. May. and K. M. Braas. Departments of Neurology, and Anatomy
& Neurobiology, Univ. of Vermont College of Medicine, Burlington, VT 05405.
Hormonal influences regulate biochemical and morphological features of
neurons. Previous studies indicate that androgens influence the neurochemistry
of the hypogastric ganglia (HG). The current studies using adult SpragueDawley rats, examine the effects of castration on noradrenergic, cholinergic, and
peptidergic systems in the major pelvic ganglia (MPG), sexually dimorphic
ganglia innervating the urinary bladder and reproductive organs in the pelvis.
Adult castration alters the catalytic activities of Tyrosine Hydroxylase (TH), the
rate limiting enzyme in noradrenaline biosynthesis and a marker of noradrenergic adaptability, and Choline Acetyltransferase (ChAT), a marker of
cholinergic components of autonomic ganglia. Four weeks following castration
TH and ChAT activities are 25% and 50% of control, respectively. At 8 and 12
weeks post-castration, ChAT levels remain at 50%, whereas TH activity
gradually declines reaching a nadir of 15% of control by 12 weeks. Castration
also alters the levels of vasoactive intestinal peptide (VIP), which is colocalized
with ChAT in MPG. VIP levels are reduced approximately 25% at 4 weeks
following surgery. In all paradigms, testosterone replacement therapy fully
restores TH, ChAT, and VIP levels. These studies indicate that the biosynthesis
of noradrenergic, cholinergic, and peptide neurotransmitters in the adult MPG
are regulated by testosterone. Taken together with previous studies of the HG,
the results indicate that parasympathetic and sympathetic ganglia involved in
reproductive function respond to gonadal steroids during adulthood. (Supported
by NS22103-RWH; HD27268 and NS01636-VM; AHA94015540-KMB).

735.10

SEMINAL PLASMA OF SPINAL CORD INJURED (S^I) MEN
INHIBITS SPERM MODLJTY OF NORMAL MEN N.L. Brackett*. R.C
Davi, O.F. Padron, and C. M. Lvnne. The Miami Project to Cure Paralysis,
Dept, of Neurological Surgery, Dept, of Urology, Univ. of Miami Sch. Med.,
Miami, FL 33136.
SCI men have sperm of normal concentration but poor motility (Brackett
et al., J Urol, 151:114-119, 1994). No single factor has been identified as a
cause for this condition. Objective: The present study investigated if the
seminal plasma of SCI men contributes to their poor sperm motility. Method:
Aliquots of washed sperm from normal men (n=13) were mixed either with
seminal plasma from SCI men or with seminal plasma from other normal
men. Similarly, aliquots of washed sperm from SCI men (n=13) were mixed
either with seminal plasma from normal men or with seminal plasma from
other SCI men. Results: Percent of motile sperm in normal men decreased
significantly, from 72% to 45% (p<0.001), when mixed with seminal plasma
from SCI men. Percent of motile sperm in SCI men was significantly higher
when mixed with seminal plasma of normal men (42%), than with seminal
plasma from SCI men (29%) (p<0.05). Conclusions: Seminal plasma of SCI
men appears to contribute to their poor sperm motility. There may be toxic
factors present and/or nutritive factors absent which, when mixed with sperm
during ejaculation, act to impair sperm motility.
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735.11
STIMULATION OF THE DORSAL NERVE OF THE PENIS INCREASES C-FOS
EXPRESSION IN SPINAL NEURONS IN THE RAT. O. Rampin*. S. Goueis. F.
Giuliano and J.P. Rousseau. Lab. Neurobio. Fonctions VVg&atives, I.N.R.A., F-78352
Jouy-en-Josas.
Physiological evidence of a reflex loop mediated at the spinal level and controlling
reflexive penile erection has been reported in the rat (Rampin et al., Neurosci. Lett.
1994, 180:138). The dorsal nerve of the penis (DNP) represents the afferent limb of this
reflex. In the present study, c-Fos immunohistochemistry was used to identify neurons in
the spinal cord that receive afferent input from the DNP. Electrical stimulation of the left
DNP (6 V, 5 Hz, 0.1 ms) was applied for 10 minutes in anesthetized male adult rats.
Segmental distribution of c-Fos positive neurons was studied over the T13 to S1 levels.
Average numbers of positive neurons per spinal segment and differences in distribution
of positive neurons in specific areas of the spinal cord were calculated. In control rats, cFos positive neurons were present mainly at the L5-S1 levels. They were located in the
dorsal gray commissure (DGC, 35.7+2.1 %), and bilaterally in the intermediolateral cell
column (sacral parasympathetic nucleus, SPN, 6.3±1.1 %) and in the dorsal and ventral
horns (DH, 56.8+2.7 %; VH, 0.8±0.3 %). Following acute T8 spinaiization, DNP
stimulation elicited an increase of c-Fos positive neurons over the L5-S1 levels,
compared to control rats. Percent distribution was increased in SPN (12.2+0.8 %, p <
0.001) and VH (2.2+0.7 %), decreased in DH (45.2+2.7 %, p < 0.05) and unchanged in
DGC (39.9+2.2 %). These findings provide a morphological support for a reflex loop
mainly organized at the L5-S1 levels of the spinal cord, and responsible for penile
erection. Localization of c-Fos positive neurons outside of the SPN suggests the
hypothesis of the presence of intemeurons between afferent terminations and proerectile
preganglionic parasympathetic neurons, and/or possible sites for supraspinal projections
modulating reflexive erections. Furthermore the increase in c-fos expression observed
after acute T 8 spinaiization supports the presence of a supraspinal inhibitory control
exerted on the lumbosacral circuitry responsible for reflexive erection (Sachs and
Garinello, J. Comp. Physiol. Psychol. 1980, 94:530).

RESPIRATORY REGULATION:
736.1

AMINO ACID TRANSMITTERS
736.2

THE ROLE OF BRAINSTEM RETROTRAPEZOID NUCLEUS (RTN)
METABOTROPIC RECEPTORS IN THE PROLONGED STIMULATION OF
RESPIRATION PRODUCED BY RTN INJECTION OF GLUTAMATE. Aihua
Li. and Eugene E. Nattie*. Department of Physiology, Dartmouth Medical
School, Lebanon, NH 03756-0001
Stimulation of metabotropic glutamate receptors (mGluRs) in the RTN of
chloralose-urethane anesthetized rats by the mGluR agonist (1S,3R)aminocyclopentanedicarboxylic acid (1S.3R-ACPD) increases integrated phrenic
amplitude (PNA) for > 60 min. This long-lasting PNA stimulation can also be
mimicked by the long duration (60 sec) injection of glutamate. Here we show the
mGluR antagonist (±)-a-methyl-4-carboxyphenylglycine (±-MCPG) can block
both of these long lasting effects. Using multi-barreled micropipettes, we first
identified RTN sites associated with respiration by observation of glutamate
induced short-lived PNA stimulation. In group 1, five rats received only mGluR
antagonist (±)MCPG (lOnl, lOmM); in group 2, six rats received mGluR
antagonist (±)-MCPG (lOnl, lOmM) followed by the agonist 1S,3R-ACPD (10 nl,
ImM) injection every 30min until the PNA response to the agonist recovered. In
group 3, five ra(s received 6 injections of inactive mGluR antagonist (-)-MCPG
(lOnl, lOmM) followed by agonist 1S,3R-ACPD (lOnl, ImM) after 30min. In
group 4, five rats received (±)-MCPG followed by long duration (60 sec) injection
of glutamate (lOnl, lOOmM) every 30 min until the PNA response to glutamate
was evident. The active antagonist (±)-MCPG had no significant effect on PNA
but it blocked a) subsequent 1S,3R-ACPD induced PNA stimulation for
99±llmin and b) the PNA response to 60 sec glutamate injection for 66±6 min.
The inactive form (-)-MCPG had no effect on ACPD-induced PNA stimulation.
Ve conclude: 1) RTN mGluRs are involved in respiratory control, 2) they are not
active in eupnea and 3) their stimulation may require prolonged glutamate
release. (Supported by HL 28066)

GLUTAMATE SYNTHESIS BY EXCITATORY RESPIRATORY
NEURONS IN THE VENTROLATERAL MEDULLA.
P.M.
Pilowskv*. O.-J. Sun. I.J. Llewellvn-Smith. L.F. Amolda. J.P. Chalmers and
J.B. Minson. Dept of Medicine and Centre For Neuroscience, Flinders
Medical Centre, Bedford Park 5042, South AUSTRALIA.
Excitatory respiratory pre-motoneurons are located in the ventral
respiratory group (VRG) of the brainstem, while inhibitory premotoneurons are found in the Botzinger region. Together they regulate
the activity of phrenic motoneurons. In this study we aimed to
determine if these brainstem respiratory neurons are immunoreactive for
the glutamate synthesizing enzyme, phosphate activated glutaminase
(PAG).
Respiratory neurons in the ventrolateral medulla of
pentobarbitone-anaesthetised Sprague-Dawley rats were labelled by
intracellular injection Of Neurobiotin (Vector, CA). After histochemical
processing and immnuohistochemistry, sections of brainstem were
examined by fluorescence and light microscopy. Four types of
respiratory neurons were identified. 1) Six inspiratory neurons in the
VRG: five PAG immunoreactive and one PAG negative. 2) Six
expiratory neurons in the VRG:
five neurons were PAG
immunoreactive and one PAG negative. 3) Five neurons in the
Botzinger area: four ' PAG negative and one PAG immunoreactive. 4)
Seven ambigual motoneurons that were all PAG immunoreactive. Our
results support the use of PAG as a marker for glutamatergic
respiratory neurons since most of the excitatory VRG neurons
contained moderate to strong levels of immunoreactivity while most
Botzinger neurons, which are believed to be inhibitory, contained none.
These findings also suggest that glutamate is synthesized and released
as a neurotransmitter by excitatory respiratory neurons.

736.3

736.4

COMPARISON OF GAD- AND GABA- IMMUNOREACTIVE NERVE
TERMINALS IN THE RAT PHRENIC MOTOR NUCLEUS Susan M.
Murphy*. Paul M. Pilowskv and Ida J. Llewellyn-Smith. Dept, of Medicine,
Flinders Medical Centre, Bedford Park, South Australia, 5042.
y-aminobutyric acid (GABA) mediates synaptic inhibition of phrenic
motoneurons during expiration. About 30% of nerve terminals that make
synapses or direct contacts with phrenic motoneurons are immunoreactive for
GAD, the GABA synthetic enzyme, whilst only about 18% of inputs identified
by post-embedding immunogold are GABA-positive (SN 1994, Poster 231.8).
In this study, we examined the distribution of these two markers in adjacent
pairs of ultrathin sections containing retrognadely-labelled phrenic
motoneurons. Both sections were labelled for GAD-immunoreactivity by preembedding immunocytochemistry, and one section of each pair was
subsequently processed for post-embedding immunogold labelling for GABA.
We examined terminals that synapsed on or directly contacted phrenic
motoneurons, as well as other non-synaptic terminals. Many terminals
containing high densities of gold particles . also proved to be GAD-positive.
However, not all GAD-immunoreactive nerve terminals were strongly labelled
for GABA. Comparisons of the density of gold labelling over GAD-positive
and GAD-negative terminals suggest that there is overlap in the frequency
distributions of the two populations. Assuming GAD is itself a reliable marker
for GABAergic terminals, we must conclude from these and our previous
results that in this part of the spinal cord, post-embedding
immunocytochemistry for GABA alone does not provide a sufficient basis to
discriminate between GABAergic and non GABAergic terminals that provide
synaptic input to phrenic and other motoneurons.
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PROXIMAL SYNAPSES IN THE LUNG C-FIBER AFFERENT PATHWAY:
POTENTIAL TRANSMITTER ROLE OF EXCITATORY AMINO ACIDS (EAAs).
C.G. Wilson*. Z. Zhang. A.C. Bonham. Univ. California, Davis, Davis, CA
95616.
We previously identified synapses in the lung C-fiber afferent pathway in the
mediocaudal commissural nucleus tractus solitarius (cNTS) which were
essential for C-fiber evoked apnea and rapid shallow breathing (RSB). Here we
examined the role of EAAs as potential neurotransmitters. Phrenic nerve
activity, blood pressure and heart rate were continuously recorded in urethaneanesthetized, paralyzed, and ventilated rats. C-fibers were stimulated by
injecting phenylbiguanide (PBG; 0.05-0.1ml, 50pg/ml) in the right atrium (RA)
and left ventricle (LV). In some rats we cut both vagi below the diaphragm and
denervated the baroreceptors and chemoreceptors. Medial cNTS was
screened for vagally-evoked units with a 7-barrel electrode containing 2% pontamine dye in 0.5M NaAc for extracellular recording, EAA agonists and
antagonists for iontophoresis, and normal saline for balancing currents. RA
PBG (n=25 ) evoked immediate increases in unit activity: (1±2 to 16±18Hz)
(p=.0004) for 17±20s, that coincided with apnea or RSB. In 9 cells RA PBG
compared to LV PBG produced greater increases in activity (14±16 vs 8±6Hz;
p < .04) for longer durations (8±6 vs 3±4s; p=.01)(n=9). The EAA agonists
NMDA (-8 to -30nA; 100mM) and QUIS (-8 to -60nA; 100mM) evoked dosedependent increases in unit activity. NMDA (24±7nA) and Quis (29±15nA)
increased unit activity from 0.5±0.8 to 7±2Hz and from 0.4±0.4 to 11±5Hz,
respectively. The NMDA receptor antagonist, AP5 (-90 nA, 100 mM) in doses
that blocked NMDA- but not QUIS-evoked increases in unit activity, did not alter
PBG-evoked increases in activity. Activation of both NMDA and nonNMDA
receptors stimulates cNTS neurons in the C-fiber afferent pathway, but NMDA
receptors are not invoked in neurotransmission. Supported by NIH HL48584.
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736.5

736.6

DESENSITIZATION
OF
GLUTAMATE
RECEPTORS
MODULATES RESPIRATORY DRIVE IN FETAL SHEEP. J.M.
Bissonnette*. A.R. Hohimer and S.J. Knoop.
Department of
Obstetrics and Gynecology, Oregon Health Sciences University,
Portland, OR 97201.
Blockade of non-N-methyl-D-aspartate (NMDA) receptors in the
medulla of fetal sheep inhibits respiratory output (FASEB J. 9:A836,
1995). Both kainate and a-amino-3-hydroxy-5-methyl-4-iSoxazolepropionate (AMPA) preferring non-NMDA glutamate receptors
rapidly desensitize in the presence of ligand (eg. Neuron 11:1069,
1993).
Studies were carried out in unanesthetized fetal sheep to
examine the effect of preventing desensitization on respiratory drive
measured from transient pressure changes in a tracheal catheter.
Following a control period cyclothiazide which has been shown to
block desensitization of AMPA preferring receptors (Ibid.) was
instilled in the cerebrospinal fluid of the fourth ventricle (75 ng).
Breath to breath analysis showed that the slope of inspiration (rate of
pressure change) increased by 62 to 221 percent from baseline values
which ranged from 7.8±0.2 (SEM) to 13.4±0.2 mmHg*sec_1. There

CENTRAL ADMINISTRATION OF ASPARTIC ACID AFFECTS
VENTILATION AND 02 CONSUMPTION DIFFERENTLY IN MALE
& FEMALE RATS. E. H. Schlenker*. S. R. Inamdar & D. RiveraHopkins. Univ. of S. D. School of Medicine, Vermillion, SD 57069
Aspartic acid (AA) injected subcutaneously induces a long
lasting depression of ventilation (VE) in male but not in female
rats. Systemic administration results in uptake of AA into the
arcuate nucleus-median eminence area of the hypothalamus. In
this study AA in doses of 100 & 200 nmol/0.5 fiI relative to vehicle
(CSF) injected into the arcuate nucleus of male rats resulted in a
depression of VE and 02 consumption (V02). Similar treatment of
female rats caused in a depression of V02 without an effect on
VE. Intracerboventricular (ICV) injection of 3 pi of AA in doses of
0.5, 1 & 2 ng into the lateral ventricles of females affected VE &
VO2 similar to the arcuate injection, but resulted in an increase of
VO2 in male rats with no effect on VE. In both sets of experiments
the effects of AA were long lasting and reversible with time. We
conclude that 1. AA injected into the arcuate nucleus has different
effects on VE in male and female rats, although VO2 is depressed
in both groups; 2. depression of VE in males is not nonspecific
(comparing arcuate and ICV results); & effects of AA on VE are
not always coupled with similar effects on VO2.
Supported by NIH Grant HD30393-01A1

was a variable effect on respiratory timing either no change or a
shortening of both inspiratory and expiratory time. The effect lasted
between 30 and 60 minutes after a single injection.
The
benzothiadiazides have carbonic anhydrase inhibitory properties but
equivalent doses of acetazoleamide did not result in similar changes
in respiratory output.
These experiments suggest that AMPA
preferring glutamate receptors at respiratory related neurons undergo
desensitization and modulation of this characteristic results in an
increase in respiratory output. (Supported by HL 38039)

736.7

736.8

DIFFERENTIAL EFFECTS OF GABAa RECEPTOR ANTAGONISTS SUGGEST
THE EXISTENCE OF A POTENT GAIN-CONTROL MECHANISM IN
BULBOSPINAL RESPIRATORY NEURONS. Z. Dogas. E. Stuth. F. Hopp. D.
McCrimmon. and E. Zuperku* Zablocki VA Med. Ctr., Med. Col. of Wl,
Milwaukee, Wl 53295 and Northwestern U., Chicago, IL 60611.
The role of GABAa receptors in the control of inspiratory (I) and
expiratory (E) bulbospinal neurons (BSNs) was studied in vivo using
pressure microejection while recording single unit activity in the
caudal ventral respiratory group of anesthetized, ventilated, paralyzed
dogs. Bicuculline (BIC; 0.5 mM), picrotoxinin (PTXN; 5 mM), and
artificial cerebral spinal fluid (aCSF) were ejected from multibarrel
glass micropipettes and volumes were measured via meniscus changes
(50X microscope). The competitive antagonist, BIC, (3-35 pmol)
produced 100-200% increases in the spontaneous phasic discharge
frequency (Fn) without increasing activity during the normally silent
phase of these neurons. The noncompetitive antagonist, PTXN, (40720 pmol) produced slight increases (=10% of control) in phasic Fn,
however, during the silent phase, there was a dose-dependent increase
in Fn (EBSNs: 52.5±18.9%- IBSNs: 36.7±4.9% of peak phasic control
Fn). Thus, BIC amplified the underlying phasic pattern, while PTXN
antagonized the silent phase inhibition. Phrenic nerve activity and I
and E durations were not altered by these microejections. These studies
suggest the existence of a BlC-sensitive, PTXN-insensitive gaincontrol mechanism in both IBSNs and EBSNs which may be mediated via
GABAa receptors with novel pharmacology, and that the inhibition
which produces the normally silent phase in these neurons is primarily
mediated by GABAa receptors. Supported by VA Med. Research Funds.

of GABAa but not glycine
receptors
in the pre B0TZINGER region produces
an augmented
or gasp -like
PATTERN IN THE PHRENIC NEUROGRAM IN CATS. I.C. Solomon*. J.E.
Melton. N.H. Edelman. and J.A. Neubauer. Department of Medicine,
UMDNJ-Robert Wood Johnson Medical School, New Brunswick, NJ.
Progressive brain hypoxia results in a shift from respiratory depression
to gasping. Previous work from our laboratory has identified a region in
the pre-B6tzinger (pre'-Bot) complex in which chemical activation of
neurons evokes an augmented or gasp-like pattern in the phrenic
neurogram. To test the role of disinhibition in the production of gasping,
we examined the effects of blockade of GABAa and glycine receptors in
this region on respiratory patterning.
In chloralose-anesthetized,
vagotomized, and paralyzed cats, we identified a region in the pre-B6t
complex that produced a gasp-like pattern in the phrenic neurogram when
chemically stimulated unilaterally with DL-homocysteic acid (DLH; 10 mM;
21 nl). After recovery, we recorded ' phrenic neurogram (PN) responses to
unilateral microinjection of bicuculline methiodide (BIC; 5 mM; 42 nl) and/or
strychnine (STR; 2 mM; 42 nl) in the same region. Microinjection of BIC
into 8 of 9 sites produced either an augmented (n = 4) or gasp-like (n=4)
pattern in the PN. In many of these sites, a series of eupneic breaths was
interspersed between each augmented or gasp-like burst. In contrast,
microinjection of STR into 5 sites was ineffective in changing the pattern
of PN activity. Further, microinjection of STR 20-30 minutes after
microinjection of BIC (n = 5) produced no additional change in PN activity.
These findings suggest that GABAA-mediated, but not glycine-mediated,
inhibition of the pre-Bdt region may play a role in suppression of gasping
during eupnea. Supported by HL16022, HL07467, HL44678.

736.9

736.10

MK-801 ALTERS THE RESPIRATORY RESPONSE TO
HYPOXIA IN ADULT RATS. S.K. Coles*. M.F. El-Khatib.
and T.E. Dick. Dept. of Medicine, Div. of Pulmonary and Critical Care

EFFECTS OF NBQX ON RESPIRATION IN ADULT RATS.
Caroline A. Connelly*. Department of Surgery, University of CalifomiaDavis, Sacramento, CA 95817
N-methyl-D-aspartate (NMDA) receptors are significantly involved
in respiratory pattern generation in adult rats (Connelly et al., Brain Res.,
596: 99-110, 1992), but not neonatal rat brainstem/spinal cords in vitro.
Non-NMDA receptor activation is critical for maintaining respiratory
rhythms in vitro (Funk et al., J. Neurophysiol. 70(4): 1497-515, 1993).
The present study examined the role of non-NMDA receptors in the
generation of respiratory rhythm in spontaneously breathing adult rats.
6-Nitro-7-sulphamoylbenzo(Qquinoxdine-2,3-dione (NBQX) is an
AMPA/kainate receptor antagonist that crosses the blood-brain barrier.
NBQX (40 mg/kg, i.v., pH= 7.45-7.49 in 5.5% glucose) was
administered to anesthetized Sprague-Dawley rats while diaphragm EMG
activity and arterial pressure were monitored. Respiratory frequency
significantly decreased (p<0.01, n=6); inspiration and expiration were
both prolonged. Significant decreases in arterial p02 and pH indicated
that NBQX depressed ventilation. Arterial pCO2 increased in 5/6 rats.
Changes in arterial pressure were insignificant. When the NMDA
receptor-channel blocker, MK-801 (lmg/kg, i.v.), was injected 5-15 min
after NBQX, respiratory frequency decreased further anti apnea occurred
within 45 s to 1 min. 5/6 rats had apneustic breaths (1.5 to 18 s
duration) immediately prior to the onset of apnea. The rats were artificially ventilated until spontaneous breathing resumed after 7-85 min.
These data indicate that non-NMDA receptor activation is
significantly involved but not necessary for respiratory rhythm
generation in adult rats. These results support the hypothesis that
combined activation of NMDA and non-NMDA receptors underlies
excitatory transmission necessary for respiratory rhythm generation.
(NBQX was generously provided by Novo Nordisk).

Medicine, Case Western Reserve Univ., Cleveland, OH 44106
Blocking NMDA receptor channels with the non-competitive NMDA antagonist,
MK-801, prolongs Tj without changing Tg. Reversible bilateral inhibition of
cellular activity (lOmM muscimol) in the dorso- or ventrolateral pons produces a
similar breathing pattern and, further, selectively attenuates the depressant effect of
acute, severe hypoxia on respiration (i.e., post-hypoxic frequency depression,
PHFD). The purpose of this study was to determine if blocking NMDA receptor
channels would selectively affect PHFD.
Adult, male Sprague-Dawley rats (360-525 g) were anesthetized with Equithesin,
vagotomized, paralyzed, and ventilated with 100% 02- Animals were exposed to
8% 02 for 30 s (n=6) or for 60s (n=l) before and after intravenous injection of MK801 (0.3mg/kg). Phrenic nerve activity was recorded to determine respiratory cycle.
Blood pressure, air flow, pCO2, and body temperature were monitored.
During hypoxia before MK-801, respiratory frequency increased initially then
decreased, and it decreased further following hypoxia, i.e., PHFD. These changes in
frequency were primarily due to changes in Tg: Tj remained relatively unchanged.
Injection of MK-801 at this low dose elicited minimal changes in respiratory
frequency (n=4). However, in 3 animals, respiratory frequency decreased 30%. MK801 altered the respiratory response to hypoxia in all animals. In 6 animals,
respiratory frequency decreased rather than increased; this was primarily due to an
increase in Ti rather than in Tg which changed inconsistently. Following hypoxia,
Tg did not increase, and PHFD was attenuated in all rats.
We conclude that NMDA receptors have a significant role in determining the
frequency response to hypoxia. Thus, blocking NMDA receptors altered either
directly or indirectly the role of the lateral pons in mediating PHFD.
Supported by HL-07288 and HL-42400 (TED).
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SEROTONIN IN THE DORSAL RESPIRATORY GROUP DECREASES
HYPOGLOSSAL (XII) NEURAL ACTIVITY. M.A. Douse*, E.J. Puqlisi and
D.P. White. Dept. of Medicine, UCHSC, and Respiratory Care, VAMC,
Denver, CO 80220.

EFFECT OF SEROTONERGIC 1A AND IB AGONISTS ON HYPOGLOSSAL
MOTONEURONS. S. Okabe and L. Kubin*. Center for Sleep and Respiratory
Neurobiology, Departments of Medicine and Animal Biology, University of
Pennsylvania, Philadelphia, PA 19104.
Serotonergic effects on hypoglossal (XII) motoneurons have been implicated
in sleep-related decrements in upper airway tone that may lead to airway
obstructions. So far, serotonergic excitation, presumably mediated by type 2
receptors, was studied in some detail. However, the XII nucleus also contains type
1 receptors whose role in the control of XII motoneurons remains largely
unknown. Our goal was to assess the effects of microinjections into the XII
nucleus of 1A (8-OH-DPAT) and IB (CGS12066) receptor agonists on XII
nerve activity.
In 25 urethane anesthetized, paralyzed, vagotomized and artificially ventilated
rats, we recorded XII nerve activity bilaterally. Microinjectionsof 8-OH-DPAT
(0.1-10 mM) or CGS 12066 (0.02-5.0 mM) were performed (10 nl, saline as

Serotonin (5HT) is known to increase XII motoneuron activity when applied
directly into the XII motor nucleus, but nothing is known concerning 5HT
modulation of XII activity via other integration sites in the brainstem. We
determined the effects of 5HT and methysergide (broad 5HT antagonist)
pressure microinjection into the dorsal respiratory group (DRG; 25-100 nl;
pH=7.2-7.4) on XII whole nerve activity in 6 decerebrate, vagotomized,
paralyzed and artificially ventilated cats. The DRG was located by recording
inspiratory activity at the appropriate co-ordinates and confirmed by
antidromic activation from the C3 spinal cord. Surprisingly, pressure
microinjection of 0.005 mM 5HT into the ipsilateral DRG resulted in a volume
dependent bilateral decrease in XII whole nerve activity, measured as the
inspiratory peak height of XII integrated neural activity (time constant=100
msec). XII neural activity ipsilateral to the injection site significantly decreased
to 85.0 ± 5.4 % (25 nl); 74.2 ± 9.1 % (50 nl); and 50.4 ± 10.5 % (100 nl) of
control values (n=5; all p<0.05). Contralateral XII activity decreased to 92.7 ±
2.8 % (2( 5I; p>0.05); 9 1.2 2 ±.2 % ^0 0 I; p>0.0t^); a nd d4.4 0 ± .8 % {100
nl; p<0.05) of control (n=5). Pressure microinjection of 1.0 mM methysergide
(100 nl) into the DRG had no effect on XII neural activity (97.6 ± 4.4 % of
control; n=5) but did result in a full (99.5 ± 3.9 % of control; n=3) or
incomplete (decreased to 53.0 ± 28.8 % of control; n=2) antagonism of
subsequent pressure microinjection of 0.005 mM 5HT (100 nl). We conclude
that exogenous 5HT in the DRG decreases XII neural activity. The data
further suggest that the DRG may be an important site of 5HT modulation of
respiratory drive to the XII motoneurons.

vehicle) in histologically verified sites. At the highest concentrations used, both
drugs suppressed XII nerve activity by about 20%. The suppression occurred
within 2 min after the injection and lasted for at least 20 min. At a concentration
of OlmM for 8-OH-DPAT and 0.02 mM for CGS 12066, there was only a
residual suppression of less than 5%.
Given that the affinity of 8-OH-DPAT to 1A receptors is at least 20-200 times
higher than that of CGS12066 to either 1A or IB receptors, it is unlikely that the
observed effect is mediated by 1A receptors. Thus, it appears that IB rather than
1A receptors play a role in these relatively weak suppressant effects on
spontaneous XII nerve activity. (Supported by HL47600 and HL42236 ).

737.3

737.4

A STATISTICAL DESCRIPTION OF THE FIRING PATTERNS OF PHRENIC
MOTONEURONS. W.-X. Huang*. M.l. Cohen, and Q. He. Dept, of Physiol.,
Albert Einstein Col. Med., Bronx, NY 10461.
To describe the discharge patterns of phrenic motoneurons (PMNs)
statistically, we studied the relation between the interspike interval (ISI) and
the order of firing during the inspiratory (I) phase for discharges of 151
PMNs in 8 unanesthetized, decerebrate and vagotomized cats. PMNs were
classified as early (n = 62) and late (n = 89) based on the onset delay (border
line 20 ms). Statistical analysis showed that for all late-l and 38/62 early-l
PMNs, the second ISI in the I phase was significantly shorter than the first.
However, for a minority of early-l PMNs (n = 18), all having oscillations that
were locked to I onset, the second ISI was longer than the first. Thereafter,
for all the PMNs, the ISIs became continually shorter due to gradually
increasing drive. The decrease of ISI during the I phase was analyzed with
regression and correlation techniques. With the method of least squares,
curve-fitting was done to three types of curve: 1) straight line, 2)
exponential curve, and 3) power function. We found that, for a given PMN
discharge, the power function was the best fit for the relation between ISI
and the order of firing in the I phase. This power function had the general
form
Y = a(X + c)*
where Y is the ISI and X is the order of firing in an I phase. This relation
held for most PMNs, with a correlation coefficient of 0.996 ± 0.007 (mean
± SD, n = 109), except for the 18 early-l PMNs whose second ISI was
longer than the first. This pattern of time dependence of interval decrease
may reflect the properties of the medullary inputs and the PMN responses.
(Supported by N.I.H. Grant HL-27300.)

PHRENIC INTERNEURONS DO NOT CONVEY
RESPIRATORY DRIVE TO PHRENIC MOTONEURONS.
Steve Iscoe* and James Puffin. Department of Physiology,
University of Toronto, Toronto, ON, Canada M5S 1A8.
Medullary respiratory neurons may drive phrenic motoneurons
directly via monosynaptic connections, indirectly via
interneurons, or a combination of the two. We tested the role of
phrenic interneurons in transcribing central respiratory drive to
phrenic motoneurons by cross-correlating the spontaneous activity
of 26 C5 phrenic inspiratory interneurons to that of the ipsi- and
contralateral phrenic nerves in decerebrate cats. Ten intemeurons
discharged only during inspiration (phrenic burst) and 16
tonically with increased firing during inspiration. The crosscorrelograms of 21 of the interneurons to the ipsilateral phrenic
were flat; 3 cross-correlograms had broad peaks centred about
time zero, indicating common activation of the interneurons and
motoneurons. The other two had troughs. Of the 22 crosscorrelograms to the contralateral phrenic, 20 were flat and 2 had
a broad peak at time zero. Despite inspiratory-modulated
discharge patterns, phrenic interneurons do not convey central
respiratory drive to phrenic motoneurons.
Supported by the Medical Research Council of Canada

737.5

737.6

CYCLIC ADENOSINE MONOPHOSPHATE (cAMP) MEDIATES SHORTTERM MEMORY WITHIN THE PHRENIC MOTOR NUCLEUS. Y. Sun.
P.G. Waaner. and M .S. Dekin*. Department of Medicine, UMDNJ-Robert
Wood Johnson Medical School, New Brunswick, NJ 08903-0019
Within the phrenic motor nucleus (PMN), thyrotropin-releasing hormone
(TRH) causes presynaptic facilitation via an increase in cAMP while
baclofen, a specific GABAg agonist, has the opposite effect (Sun et al.,
Neurosci. Abstr., 20:544, 1994). In this study we tested the hypothesis
that brief exposure to TRH or baclofen would have persistent effects on
presynaptic cAMP levels resulting in short-term memory within the PMN.
Spinal cord slices containing the PMN (C3 to C5) were obtained from 3
to 7 day old rats. Whole cell recordings were made from motoneurons
identified by antidromic stimulation of the ventral root. Excitatory
postsynaptic potentials (EPSP) were elicited by stimulating the ventral (or
lateral) funiculus. A separate pressure ejection electrode was used to
apply TRH (10 pM) or baclofen (100 pM). Pressure ejection of TRH for
30 sec increased the EPSP amplitude while similar application of baclofen
reduced the EPSP amplitude. These changes in EPSP amplitude
persisted for as long as 1 hour. Motoneuron membrane properties, EPSP
kinetics, and responsiveness to exogenous L-glutamate were not
altered. Bath application of Rp-cAMP, a competitive inhibitor of cAMP at
its binding site on protein kinase A, reduced the EPSP amplitude and
antagonized the effects of both TRH and badofen. These data
demonstrate that transient exposure to neuromodulators of cAMP have
long lasting effects on neurotransmitter release resulting in short-term
memory within the PMN. (Supported by the UMDNJ Foundation, Parker
B. Fiandd FFoudatioo, aad NIH Grant HL 02334).

PROTEIN KINASES A and C MODULATE THE ACTIVITY OF AN
OUTWARD RECTIFYING GABA,, ACTIVATED K* CHANNEL IN
CULTURED PREMOTOR RESPIRATORY NEURONS. P.G. Wagner*. Y.
Sun and M .S. Dekin Dept, of Medicine, UMDNJ-Robert Wood Johnson
Medical School, New Brunswick, N.J. 08903.
Baclofen, a GABAg agonist, activates a Ba+*-insensitive outward rectifying
1C channel [Kjo r j ] in premotor respiratory neurons (Wagner and Dekin, J.
Neurophysiol. 69:286, 1993). Kom channels are inhibited by both cAMP
and thyrotropin-releasing hormone (TRH). Both 8-bromo-cAMP and TRH
cause an increase in the interval between bursts of channel openings
resulting in a dercrease in nPo. These data suggested that cAMP and TRH
shared a common mechanism of actiod.TRH receptors, however, are
usually associated with the activation of PKC (Joels and Drummond, Brit.
J. Pharmacol. 96:450, 1989). In this study, therefore, we compared the
ability of antagonists of PKA and PKC to protect K^, channels from TRH
mediated inhibition. All recordings were made using the patch damp
technique in the cell-attached configuration. Kom channels were activated
with 100 pM badofen in the presence of Rp-cAMP (1 pM) or chelerythrine
(1 pM). Both Rp-cAMP (n=10) and chelerythrine (n=4) caused a change
in the conductance state of the channel from >100 pS (badofen alone) to
< 40 pS and an increase in nPo from <30% (badofen alone) to >70%. The
cells were then exposed to TRH (1 pM) in the presence of badofen and
either Rp-cAMP or chelerythrine. Both antagonists prevented the inhibition
caused by TRH. These data suggest that not only does TRH produce its
effeds via PKC, but that there is an interaction between the PKA and PKC
signaling pathways. (Supported by NIH Grant HL02314, the UMDNJ
Foundation and Parker B. Francis Foundation).
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737.7

737.8

SYNAPTIC MODULATION OF PHRENIC MOTONEURON
EXCITABILITY IN RATS. D.R. McCrimmon*. F. Havashi & C.
Hinrichsen. Dept. Physiology, Northwestern University Medical
School, Chicago, IL 60611-3008.
Modulation of the excitability of phrenic motoneurons was examined
in response to stimulation of their descending inputs. Urethaneanesthetized Sprague-Dawley rats were paralyzed and their spinal cords
transected at Cl-2 to remove spontaneous respiratory drive.
Descending pathways were activated using a concentric bipolar
electrode in the lateral funiculus just caudal to the transection. Singlepulse stimulation of the descending pathway gave rise to a single, shortlatency peak in phrenic nerve activity. In response to paired-pulse
stimulation (intervals < 20 msec), the second stimulus elicited two
peaks. The first peak was identical to that elicited by the first pulse but
was followed at short latency by a second peak, the amplitude of which
was dependent upon the interpulse interval. The shorter the stimulus
interval, the greater the amplitude of the second peak. Repetitive
stimulation (50-100 Hz, 0.2 ms pulse, 3-120 pA, 10-30 sec train) of the
descending pathway increased the spontaneous activity on the phrenic
nerve for about 1 min. Intracellular recording revealed that the
increased excitability arose from a depolarization of individual phrenic
motoneurons and an increase in synaptic noise. There was also an
increase in the amplitude and duration of individual EPSPs in response
to single (test) pulse stimulations of the descending pathway following
periods of repetitive stimulation. These data suggest that increases in
phrenic motoneuron excitability may contribute to short-term
potentiation of breathing.
Supported by HL 40336.

MODELING OF NEURAL MECHANISMS FOR RESPIRATORY PATTERN
GENERATION.
I. A. Rybak. J. F. R. Paton*. P. J, Knik* and J. S. Schwaber.
Neural Computation Group, DuPont Central Research, Wilmington DE 19880-0328
dDeparment of Physiology, University of Bristol, Bristol, BS8 1TD, UK

The objectives of the research were: (i) to develop computational models of neural
mechanisms that provide the genesis and control of both respiratory oscillations and
specific patterns of respiratory neurons, and (ii) to understand the mechanisms of
integration and specific roles of intrinsic properties of respiratory neurons, network
properties of their interconnections, and effects of afferent feedback in the genesis and
control of the respiratory pattern.
Models of the central respiratory rhythm generator (CRG) were developed in the
framework of the network theory of respiratory rhythmogenesis. The models of single
respiratory neurons were developed in the Hodgkin-Huxley style and include sodium
and a series of potassium and calcium channels. The single neuron models produce
the specific firing patterns of respiratory neurons recorded experimentally (i.e.
adapting and ramping bursts).
Different model versions of the CRG have been considered. They consist of
interconnected neurons with different intrinsic properties and peripheral feedback
from pulmonary stretch receptors (PSR) and chemoreceptors. The models have the
same inspiratory off-switch but different expiratory-off switch mechanisms. They
demonstrate both a stable respiratory rhythm and specific patterns of respiratory
neuronal discharges. The models are compared and analyzed on the basis of their
performance under normal conditions and under the influence of different
perturbations applied to the PSR feedback and to afferent inputs from different nerves.
The simulation results indicate the most plausible network architecture and
expiratory off-switch mechanism. Our models show how the intrinsic biophysical
properties of individual neurons and groups of neurons along with the network
properties provide the shaping of the specific respiratory patterns.

737.9

737.10

The effect of severe hypoxia on expiratory motor unit activity in the
spontaneously breathing cat. J.H, .Mateika. E. Essif. D. Fuller and R.F. Fregosi*.

MODULATORY PROCESSES IN THE ISOLATED RESPIRATORY SYSTEM
OF NEONATAL AND MATURE MICE. F. Elsen*. U.J.A. Ouellmalz. J.M.
Ramirez. D.W. Richter. Department of Physiology, University of Gottingen, 37073
Gottingen, FRG.
Transverse medullary slices of mice containing the pre-BOtzinger complex
generate spontaneously respiratory rhythmic activity. Inspiratory activity can be
recorded at all postnatal stages (P0-31) as mass-activity from hypoglossal (XII)
rootlets (Funk et al. 1994, J. Neurophys. 72: 2538; Ramirez et al. 1995, Eur. J.
Physiol. 429: 599). Contained within this slice are the anatomical regions Cl and
C2 which are characterized by their alpha-2 adrenergic binding sites (Flugge et al.
1990, J. Comp. Neurol. 297: 253). Using the transverse slice as an in vitro model,

Dept. of Physiology, Univ. of Arizona, Tucson, AZ 85721
These experiments examined the effect of steady state severe hypoxia on the
discharge frequency of expiratory motor units in anesthesized cats. Expiratory
units were localized from the external oblique muscle while the cats expired
against a positive end expiratory pressure (PEEP) of 1-2.5 cmH20. Subsequent to
unit localization, PEEP was removed and unit activity, inspiratory and expiratory
airflow, end-tidal oxygen (O2) and carbon dioxide (CO2), and external oblique
electromyograph (EMG) activity were measured for 3-4 minutes during hyperoxia
(Fj 02= 1.0) and severe hypoxia (Fj O2= 0.08-0.1). Throughout severe hypoxia endtidal CO2 was maintained at levels equivalent to that measured during hyperoxia. A

we examined the modulatory action of catecholamines on the isolated respiratory
network of the developing mouse. At all postnatal stages (P0-18), blockade of

total of 15 expiratory motor units were analyzed; 7/15 were active during
hyperoxia while 12/15 were active during severe hypoxia. The number of
impulses/expiratory period (N/TE) and discharge frequency (f) of the units
increased from a mean (± sd) of 9.5 ± 1.3 and 7.3 ±3.0 (Hz) during hyperoxia to a
mean of 14.1 ± 2.9 and 10.1 ± 3.1 (Hz) during severe hypoxia, respectively. This
increase was accompanied by a significant increase in EMG activity (% of
EMGmax) from 19.8 ± 18.0 to 48.1 ± 31.3. Cycle triggered histograms of N/Te
and f revealed that during both hyperoxia and severe hypoxia the majority of
motor units did not begin to discharge until 30 % of the expiratory phase was
completed. In addition, the impulse rate and discharge frequency for a given
interval of the expiratory period was always greater during severe hypoxia
compared to hyperoxia. Therefore, activation of the external oblique muscle
contributes to lung deflation during the last 70%o of the expiratory period during
severe hypoxia. In addition, both rate coding and recruitment of motor units
contribute to the increase in expiratory muscle activity.

alpha-2 adrenergic receptors by the antagonist yohimbine (1-5 (LM) led to a
decrease in the frequency of rhythmic activity in XII rootlets and in neurons of the
pre-BOtzinger complex, an area which is essential for respiratory rhythm generation
(Smith et al. 1991, Science 254: 726). Thus, endogenously released adrenaline
seems to modulate central respiratory activity. Consistent with an endogenous
adrenergic drive was the finding that adrenaline (5 pM) increased the frequency of
XII rhythmic activity in neonatal (P0-5, n=8) and mature mice (P9-18, n=5) by 114
+/-29% and 83.5+/-15%, respectively. The duration of inspiratory XII bursts was
increased in neonates (by 47%) and mature mice (by 61%) which correlated with a
reduction in the interburst interval. Modulatory changes in XII rootlet activity were
also reflected in neurons recorded intracellularly within the pre-BOtzinger complex.
Whole-cell patch recordings from inspiratory neurons indicate that amplitude, slope
and duration of depolarizating drive potentials were increased in the presence of
5pM adrenaline. Expiratory neurons were depolarized and rhythmic
hyperpolarizations enhanced. The data demonstrate that the adrenergic system
plays an important role in central respiratory control.

737.11

737.12
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G.B. Richerson* & J.H. Pizzonia. Dept. of Neurology,
Yale University & ’ VAMC, West Haven, CT. 06516
Neurons in the medullary raphe project widely to other respiratory nuclei,
and contain neurotransmitters which strongly influence breathing.
Respiratory acidosis alters the firing rate of pacemaker neurons in this
region and in die ventrolateral medulla (Richerson, 1995; J. Neurophysiol.
73(3):933-44), making neurons in both regions candidates for central
respiratory chemoreceptors. Changes in CO2 / pH alter die firing rate of
these neurons by modulating pacemaker currents; however, die specific
currents responsible for the pacemaker potential are unknown.
In die present work, patch clamp recordings were made from medullary
r^phe neurons in slices in order to determine which currents were present
which could potentially be modulated by respiratory acidosis. Results were
compared to data from cultures of microdissected rostral medullary raphe.
Neurons had similar properties using both preparations. In current clamp,
neurons displayed delayed activation, spike frequency adaptation, short and
long duration afterhyperpolarizations, and a voltage sag with maintained
hyperpolarization. Whole-cell voltage clamp recording demonstrated a
rapid, transient outward current activated by depolarization from potentials
negative to resting potential, as well as inward rectification. These findings
suggest that currents in neurons of the medullary raphe include A-current,
calcium currents, calcium-activated K+ currents, and an inwardly rectifying
K+ current, each of which can contribute to pacemaker potentials. Any of
these currents could be the site of action of pH / CO2 in modulating
repetitive firing in these neurons. Characterization of the electrophysiologic
properties of these neurons is essential for determining which ion channels
are modulated by respiratory acidosis, and may help define the cellular
basis of respiratory chemoreception. (Supported by the VAMC)
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MEDULLARY RAPHE NEURONAL RESPONSES DURING
FICTIVE COUGH. R. Shannon*. K ,F. Morris. Z , Li. and B.G.
Lindsev- Physiol, and Biophy,. Col. Med., Univ. South Florida,
Tampa, FL 33612
Raphe neurons influence breathing. Serotonin is known to modulate
the cough pattern. This study was motivated by the possibility that
raphe neurons may modulate airway sensory information and the
respiratory motor pattern during coughing.
Decerebrated,
thoracotomized, paralyzed, phrenic-triggered ventilated cats (8) were
used. Extracellular single neuron activity, and phrenic and lumbar
neurograms were monitored during fictive cough produced by
mechanical stimulation of the intratracheobronchial tree. Up to 6
neurons were recorded simultaneously with a microelectrode array.
Neurons were tested for respiratory modulation of firing rate by cycletriggered histograms and 2 statistical tests, and for functional linkage
to phrenic and lumbar motoneurons by spike-triggered averaging. Of
80 neurons, 10 were expiratory and 7 were inspiratory modulated; 63
had no respiratory modulation. Cells in each category showed either
increases, decreases or no change in firing rate during fictive cough.
The respiratory modulated cells had only small variations in discharge
rate during control respiratory cycles. The results provide evidence
for changes in the raphe neuronal network consistent with a
modulatory role during coughing. (Supported by NIH HL49813)
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SPATIOTEMPORAL IMPULSE PATTERNS DISTRIBUTED AMONG
BRAIN STEM NEURONS RECORDED IN PARALLEL. E. Chang. K. F.
Morris*. R. Shannon, and B. G. Lindsey. Dept. Physiol. & Biophysics, Univ.
South Florida Med. Ctr., Tampa, FL 33612.
We have reported favored patterns in the spike trains of single neurons that
are elements of brain stem cardiorespiratory-related neuronal assemblies
identified by their impulse synchrony (FASEB J. 9.A839, 1995). Those
results motivated a search for multineuron patterns of impulses that repeat
more often than expected by chance. Spike trains were recorded in parallel
with electrode arrays in the n. raphe obscurus, n. raphe magnus, and the region
of the ventral respiratory group of 9 anesthetized (Dial), vagotomized,
artificially ventilated cats. Samples of “spontaneous” activity from 4 to 11
simultaneously recorded single neurons were analyzed with the algorithms of
Abeles and Gerstein (J. Neurophysiol. 60:909, 1988). The number of
different recurring distributed patterns composed of 4 or 5 spikes exceeded (p
< 0.01) that expected under the null hypothesis in 12 of 14 data sets. In 6 of
7 data sets, single neurons with previously identified favored patterns were
also elements of groups of neurons with “excess” distributed patterns. The
results: a) are consistent with the possibility that single neuron patterns may
be fragments of distributed impulse sequences, b) provide another line of
evidence for the hypothesis that brain stem neurons operate in coordinated
assemblies, and c) encourage the search for coding functions of spike patterns
in parallel channels. Supported by NS 19814.

737.15

RESPIRATORY DEPRESSION BY CARBACHOL INJECTION
IN THE PONTINE RETICULAR FORMATION IN NEONATAL
RATS. M.-L. Fung* and W.M. St.John. Department of Physiology,
Dartmouth Medical School, Lebanon, NH 03756.
In adult animal, injection of cholinergic agonist, carbachol, in the
pontine reticular formation decreases phrenic activity (H. Kimurafii
aL J. Appl. Physiol. 69: 2280-9). I postulated that the pontine
cholinergic mechanism mediated respiratory depression is present in
the neonatal animal. Phrenic activity was recorded in decerebrate,
paralyzed, ventilated and vagotomized neonatal rats from 4 to 22 days
after birth. Small volume (10-60 nl) of carbachol (44-88 mM) was
injected in the medial portion of the rostral pons. The injection of
carbachol decreased phrenic peak activity and respiratory frequency in
most animals. The site of injection was confirmed by histology.
Result suggests that endogenous cholinergic mechanism in the medial
pons depresses respiratory activity in neonatal animal. This study
provide preliminary data for future studies of the nature of the
mechanism underlying respiratory depression in developing animal
and the possible link of the mechanism to the sudden infant dead
syndrome.
Integrated Phrenic activity of a 4-day-old rat

737.16

AXONAL PROJECTIONS FROM THE PONTINE PNEUMOTAXIC REGION TO THE BOTZINGER COMPLEX IN CATS. NL
Aoki*. G. Song. Y, Sato, and I. Kohama. Dept. Physiology, School
of Medicine, Sapporo Medical University, Sapporo 060, Japan.
We investigated axonal projections of respiratory and nonrespiratory neurons in the pontine parabrachial -Kolliker- Fuse nuclear
complex (NPB- KF, the pneumotaxic region) to a distinct group of
expiratory neurons, the Botzinger complex (BOTC), in the medulla by
an antidromic mapping technique in chloralose-urethane anesthetized
cats. Among 91 respiratory neurons extracellularly recorded in the
NPB-KF, 13 neurons (11 inspiratory, 2 phase spannig type) were
considered to have axons projecting to the BOTC. Antidromic
mappings indicated that those descending axons terminate in the
BOTC. Other 55 non-respiratory neurons were also antidromically
activated by electrical stimulation of the BOTC. Recording sites of
antidromically activated respiratory and non-respiratory neurons were
distributed in the lateral NPB and KF nuclei. For histological
identification of the projections, a small amount of WGA-HRP (30-50
nl, 5%) was injected into the BOTC. A number of retrogradely labeled
cells were observed in the NPB- KF and the distribution of labeled
cells was similar to that of recording sites. These results suggested
that the pathway from the pontine pneumotaxic region to the BOTC is
involved in respiratory control.

THE KOLLIKER-FUSE NUCLEUS MEDIATES CARDIO-RESPIRATORY
RESPONSES TO TRIGEMINAL NERVE STIMULATION IN THE RAT.

M. Dututhmann & H, Herbert*. Dept. Animal Physiol., Unin. Tubibgeg, AiAder
Morgenstelle 28, D-72076 Tubingen, Germany.
Stimulations of the nasal mucosa strongly influences the cnrdiovnsculnr and
respiratory outflow. These responses are trigeminally mediated. Recent studies have
shown that the pnrnbracSlal (PB) and K611iker-Fuse (KF) nuclei receive prominent
somatosensory inputs from the spinal dorsal horn and the spinal trigeminal nuclei.
The PB/KF itself has prominent projections to autonomic and respiratory cells
groups by which he can strongly modulate their activity. In the present study we
investigate whether the PB/KF plays a role in relaying the trigeminally induced
cardiovascular and/or respiratory responses. To do so, we stimulated the ethmoidal
nerve (EN5) and recorded cardiovascular and respiratory responses before and after
injections of the calcium channel blocker CoCl2 into the PB/KF.
Unilateral electrical stimulation of the EN5 resulted in a pronounced
depression of respiration (apnoe) and a moderate, but significant bradycardia and
pressor response. EN5 stimulations immediately after unilateral injections of CoCl2
into the caudal KF resulted in a significant blockade of the respiratory depression.
In contrast, CoCl2 injections into rostrally located parts of the PB/KF showed only
weak effects. A recovery of the respiratory response to EN5 stimulation (apnoe) was
observed 30 to 60 minutes after the CoCl2 injections. Injections of glutamate into
the most effective blocking sites in the KF also caused an apnoe, suggesting that the
trigeminal input to the KF is mediated by glutamatergic neurotransmission. The
cardiovascular responses were also altered after CoCl2 injections. However, whether
these effects are statistically significant has to be evaluated by further experiments.
From our data we conclude, that the KF is an obligatory relay site for the
trigeminally induced apnoe. Thus, one biological function of somatosensory inputs
to the PB/KF might be the mediation of trigeminal nasopharyngeal (protective)
reflexes. (Supported by DFG He 1842/3-2)

737.17

737.18

APPLICATION OF IN SITU PCR TECHNIQUE REVEALS THE
DISTRIBUTION OF AN INWARD RECTIFYING K+ CHANNEL
IN RAT BRAINSTEM. J.S. Lai*. Y. Li. M. Kokhab. & J.L.
Feldman. Systems Neurobiology Laboratory, Department of
Physiological Science, UCLA, Los Angeles, CA 90095-1527.
We postulated that an inwardly rectifying K+ channel (IRKC)
plays an important role in the modulation of respiratory rhythm in
vitro (Johnson et al, Soc Neurosci Abstr 18: 488, '92).
Oligonucleotides identical to the Ml and M2 regions of mouse
IRK1 (Kubo et al, Nature 362: 127, ’93) were used as polymerase
chain reaction (PCR) primers to amplify cDNA from neonatal
brainstem (Lai et al, Soc Neurosci Abstr 19: 704, ’93). A rat IRKC
was detected, cloned, and characterized-rat brainstem K+ channel 1
(RBSK1) (Lai et al, Soc Neurosci Abstr 20: 75, ’94). In the
present study, our goal is to localize its distribution within the
medulla relative to regions affecting respiratory control.
Initial attempts to study the distribution of mRNA for RBSK1
were unsuccessful using conventional in situ hybridization
techniques, perhaps due to its low copy gene expression. To
increase sensitivity of detection, we employed in situ PCR, using a
modified protocol on paraffin embedded sections of adult rat
medulla (Nuovo, G. PCR In situ Hybridization: Protocols and
Applications. New York: Raven Press, 1992). Supported by NIH
Grants HL37941 and NS24742.

IMAGING OF VENTRAL MEDULLARY SURFACE ACTIVITY
DURING TRANSIENT RESPIRATORY EVENTS. G. R. Poe*.
D.M. Rector. H.V. Forster. P.J. Ohtake. L.G. Pan. T.F. Lowry. D.
Gozal and R. M. Harper. Dept. Anatomy and Cell Biology, UCLA,
Los Angeles, CA 90095; Dept. Physiol., Medical College of
Wisconsin and Zablocki VA Hospital, Milwaukee, WI 53226.
We examined activity from the ventral medullary surface (VMS)
during spontaneous sighs occurring within sleep and waking states
in goats, using scattered light imaging procedures. Under sterile
surgery, 5 goats were instrumented with electrodes to acquire sleep
physiology and diaphragmatic EMG measures, and a miniaturized
video CCD camera coupled to a coherent fiber bundle. The optic
probe was placed over a site on the rostral VMS which, when
cooled, elicited apnea. Following recovery, all-night sleep
recordings were taken, and images were collected at 1/s. Sighs,
(sustained inspiratory efforts > 2.5 x interval mean) were preceded
by a substantial decline in moment-to-moment variability for a
period of 4-9 sec prior to onset of the sigh. A significant decline in
overall activity accompanied the sigh. We conclude that transient
respiratory events such as sighs follow alterations in neural activity
within the VMS. Supported by HL-22418, USPHS-25739 and

NIDR DE 07212. G.P. is supported by a Howard Hughes Medical
Institute Predoctoral Fellowship.
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IMAGING OF VENTRAL MEDULLARY SURFACE ACTIVITY
CHANGES WITH SPONTANEOUS DIAPHRAGMATIC
ACTIVITY. R.C. Frysinger*. G.R. Poe. D.M. Rector. H.V. Forster.
P.J. Ohtake. L.G. Pan. T.F. Lowrv. D. Gozal and R. M. Harper.
Department of Anatomy and Cell Biology, UCLA, Los Angeles,
CA 90095; Department of Physiology, Medical College of
Wisconsin and Zablocki VA Hospital, Milwaukee, WI 53226.
We examined activity from the ventral medullary surface (VMS)
during spontaneous breathing occurring within sleep and waking
states in goats using scattered light imaging procedures. Under
sterile surgery, 5 goats were instrumented with electrodes to acquire
diaphragmatic EMG and sleep physiology measures, and with a
miniaturized video camera and coherent fiber optic probe placed
over a site on the rostral VMS which, when cooled, elicited apnea.
Following recovery, all-night sleep recordings were taken, images
were collected at 1/sec, and diaphragmatic activity was integrated
over a long time constant. Slow variation in overall diaphragmatic
activity was cross correlated with light reflectance. Relatively
synchronous correlations occurred for variance with a period of less
than 10 sec. This lag calculation varied considerably across sleepwaking states, and sometimes disappeared entirely during slowwave sleep. This finding suggests variable links between
respiratory effort and the VMS, and underscores the importance of
state in the central control of respiration. Supported by HL-22418,
USPHS 25739 and NIDR DE 07212. G.P. is supported by a Howard
Hughes Medical Institute predoctoral fellowship.
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738.2

POWER SPECTRA OFGASP-LIKE ACTIVITY IN THE PHRENIC NEUROGRAM
ELICITED BY CHEMICAL ACTIVATION OF NEURONS IN THE PREBOTZINGER REGION. M. Akav. I.C. Solomon. N.H. Edelman, and J.A.
Neubauer*. Department of Medicine, UMDNJ-Robert Wood Johnson
Medical School, New Brunswick, NJ 08903.
Progressive brain hypoxia results in a shift from respiratory depression
to gasping in peripherally chemodenervated animals. In addition, there is
a shift in the autoregressive (AR) spectra of the phrenic neurogram such
that peaks are seen only in the 0-30 Hz and 60-120 Hz ranges. Recently,
we demonstrated that a gasp-like pattern in the phrenic neurogram can be
evoked by chemical activation of neurons in the pre-Bdtzinger (pre-Bot)
region. To determine whether the power spectra of such gasp-like activity
is similar to that seen during hypoxia-induced gasping, we examined the AR
spectra of chemical-induced gasp-like activity. Gasp-like activity was
evoked by microinjecton of either DL-homocysteic acid (DLH; 10 mM; 21
nl; n = 5) or sodium cyanide (NaCN; 1 mM; 21. nl; n = 3) into the pre-B6t
region in chloralose-anesthetized, vagotomized, and paralyzed cats. We
also examined the AR spectra of the eupneic pattern immediately prior to
microinjection of DLH or NaCN. The AR spectra of the eupneic pattern
consisted of a discrete peak in the 30-60 Hz range and another in the 60120 Hz range. During chemical-induced gasp-like activity there was a
downward shift of the 30-60 Hz peak to frequencies < 30 Hz. Prior to
cessation of the chemical-induced gasp-like activity, the low frequency
power (< 30 Hz) began to shift back towards the eupneic pattern (30-60
Hz range). These findings demonstrate that the changes seen in AR
spectra during chemical-induced gasp-like activity in the phrenic neurogram
are similar to those seen during hypoxia-induced gasping. Supported by
HL16022, HL07467, HL44678, AHA/NJ 93-G-37.

INTRINSIC EFFECTS ON MEMBRANE POTENTIAL AND INPUT
RESISTANCE OF CHEMICAL HYPOXIA ON CULTURED NEURONS
FROM THE ROSTRAL VENTRAL LATERAL MEDULLA (RVLM).
E. Mazza*, N.H. Edelmaa ann J.A. Neuubuer. EDpprtment of Medicine,
UMDNJ-Robert Wood Johnson Medical School, New Brunswick, NJ 08903.
In the fncn of u hypoxic insult, central neurons will decrease activity as a
means of conserving energy and avoiding cell death. Recent work in vivo has
also demonstrated subpopulations of neurons that are excited by hypoxia. The

goal of this study was to duturminu the intrinsic effects of chemical hypoxia on
membrane potential (VO and input rusituncn (RO on cultured neurons from the
RVLM, a brainstem area containing neurons important to central cardiovascular
and respiratory control. The studies were purformee on neonatal rat neurons
(> 3 days old) plated on astrocyte monolayers using the whole cell perforated
patch clamp technique. The cells were purfusue in either mock-CSF or mockCSF containing low Cu 2+ (0.5 mM) and high Mg2+ (4.0 mM) to block synaptic
transmission and were equilibrated with 95% 02/5% CO2. Sodium cyanide
(NaCN, 1-10 mM) was given as a bolus into the perfusion line and the Vm, R*,
and firing frequency (FF) were analyzed in 18 neurons. Of these 18 neurons,
7/18 (39%) were hypurpolariaed and decruasue FF, while 11/18 (61%) were
depolarized and increased FF with NaCN. These responses were unaffected by
synaptic blockade. Excitation was associated with a decrease in R* while
depression was associated with an increase in R^. In all cases responses were
repeatable and reversible. Thus, cells cultured from the RVLM show responses
that are intrinsic and not synaptically mediated, similar to those demonstrated in
vivo. These results further suggest the existence of a population of neurons that
are excited by hypoxia and that may act as central 02 sensors. (Supported by
HL16022 and HL07467).

738.3

738.4

IN VITRO RESPONSES OF PERIAQUEDUCTAL GRAY
NEURONS TO HYPOXIA AND HYPERCAPNIA . J.M, Kramer*.
P.C. Nolan and T.G. Waldrop. Depts. of Physiology & Biophysics,
Kinesiology, Neuroscience Program and College of Medicine, Univ. of

ACETAZOLAMIDE-INDUCED
ACIDOSIS
IN
THE
CAUDAL
HYPOTHALAMUS INCREASES RESPIRATORY FREQUENCY AND
HEART RATE. C.Z. O’Connor and T.G. Waldrop*. Depts. of Physiology &
Biophysics, Neuroscience Program and College of Medicine, Univ. of Illinois,
Urbana, IL 61801.
Prior results from this laboratory have shown that the respiratory
response to hypercapnia is modulated by a GABAergic mechanism in the caudal

Illinois, Urbana, IL 61801.
Previous studies from this laboratory have demonstrated that
hypoxia and hypercapnia stimulate neurons in the ventrolateral medulla and
in the caudal hypothalamus both in vivo and in vitro. In addition, we have
recently shown that caudal hypothalamic neurons which respond to hypoxia
and possess a cardiorespiratory related discharge project to the
periaqueductal gray (PAG). The purpose of the present study was to
determine if neurons in the PAG are responsive to hypoxic and hypercapnic
stimuli in the absence of input from peripheral chemoreceptors and other
brain regions. Brain slices (400-500 pm) containing the PAG were
obtained from Sprague-Dawley rats and placed in an interface chamber
perfused with nutrient medium bubbled with 95% OJ5% CO2. Single unit,
extracellular responses of PAG neurons to hypoxia (10% Of5% C02/85%
N?) and to hypercapnia (7% CO2/93% 02) delivered for 60-120 sec. and 3
min., respectively, were recorded. Hypoxia altered the discharge rate in
73% of the neurons tested; only 9% of the neurons responded to
hypercapnia. Most (85%) of the hypoxia sensitive neurons were stimulated
by hypoxia. Perfusion of the slices with a synaptic blockade medium (low
Ca^/high Mg“) did not block the excitatory responses to hypoxia. These
findings demonstrate that PAG neurons have an inherent response to
hypoxia. These results and our prior findings are consistent with a
hypothalamic-PAG-meduIlary pathway involved in the mediation of
cardiorespiratory responses to hypoxia.
(Supported by NIH grants
HL38726 and HL06296).
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hypothalamus.
Moreover, hypercapnia stimulates a population of caudal
hypothalamic neurons with cardiorespiratory basal discharge patterns in vivo and
in vitro in the absence of classical synaptic transmission. The purpose of the
present investigation was to eeturminu if a hypercapnic/acieotic stimulation
isolated to the caudal hypothalamus elicits changes in cardiorespiratory activity.
Therefore, respiratory (diaphragmatic EMG activity) and cardiovascular (arterial

pressure and heart rate) responses to microinjections of acetazolamide into the
caudal hypothalamus of anesthetized, male rats (Sprague-Dawky) were
examined. Coates et al. (J Appl Physiol 75:5-14, 1993) have shown that
acetaaolamieu, a carbonic anhydrase inhibitor, causes an increase in PCO2 and
an acidosis at the site of injection. Microinjections of acetazolamiee (x=80 nl, 5
x 10^ M) into many caudal hypothalamic sites produced significant increases in
respiratory frequency and heart rate. Microinjuctifn of equivalent volumes of
Ringers (pH and osmotically-adjusted) solution into the same hypothalamic sites
had no effects upon cardiorespiratory activity. In contrast, large increases in
diaphragmatic activity, heart rate and arterial pressure were elicited by
microinjuction of a GABA antagonist, bicuculline (5 ng/nL). These results
indicate that local hypercapnic/acidotic stimulation of caudal hypothalamic
neurons stimulates breathing and heart rate. Thus, the caudal hypothalamus
appears to be a site of central chemoreception involved in cardiorespiratory
control. (Supported by NIH HL38726).
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738.5

738.6

EXPOSURE TO HYPERCAPNIC STRESS INDUCES C-FOS
EXPRESSION IN THE BRAINSTEM CATECHOLAMINERGIC
NEURONS. N.S. Cherniack*. K. Yung. B. Erokwu. and M.A. Haxhiu.
Department of Medicine, Case Western Reserve University, Cleveland,
Ohio 44106 (USA).
The response of catecholaminergic cells to hypercapnic stress was
examined using c-fos as a tracing marker. Exposure of unanesthetized
rats (n=8) to 15% C02 for 60 min induced activation of the c-fos gene,
expressed as fos like immunoreactive protein (fos), within brainstem,
mesencephalon, diencephalon, and cortical regions. Colocalization
studies of tyrosine hydroxylase (TH) and fos protein revealed that the
majority of the brainstem TH-containing cells expressed fos
immunoreactivity. Numerous double labeled neurons were found in
the ventrolateral medullary reticular formation (A1/C1 cell groups), in
the dorsomedial and ventromedial subnuclei of nucleus tractus
solitarius (A2/C2). TH-containing neurons in the ventrolateral pons (A5
cell group), and in the locus coeruleus also expressed fos like
immunoreactivity in response to hypercapnic loading. These results
suggest that catecholamine-containing neurons are part of the
neuronal network involved in the response to CO2. Supported by HL25830 and HL-50527.

LOCALIZATION OF C-FOS IN RESPONSE TO ACIDIC
STIMULATION OF THE ROSTRAL VENTROLATERAL
MEDULLA. S.D. James. C.O. Trouth*. R.M. Douglas. R.W.
Durant. and J.S. Allard. Department of Physiology and Biophysics,
Howard University College of Medicine, Washington, D. C. 20059.
The rostral ventrolateral medulla(RVLM) has been implicated in
the central CO2 chemosensory regulation of cardiovascular and
respiratory function. In this investigation, the effect of acidic mock
cerebrospinal fluid at the RVLM was evaluated for c-fos
immunoreactivity. c-fos was found in small intemeurons embedded
in the marginal glia(MG) of the caudal VLM and RVLM. c-fospositive cells were also detected in nucleus retroambigualis, lateral
reticular nucleus, the area postrema, cranial nerve nuclei X and XII and the n. tractus solitarius of the caudal medulla. Rostrally,
positively stained cells were noted in the nucleus of the trapezoid
body, medial parabrachial nucleus,olivary nuclei, cerebellar nuclei,
pontine nucleus, the reticulotegmental nucleus of the pons, and the
interpeduncular, red and oculomotor nuclei of the midbrain. These
studies demonstrate that acidic mock CSF applied to the RVLM
induces c-fos in several respiratory related nuclei and indicates that
multiple sites of respiratory chemosensitivity may exist within 'the
brainstem.
Supported by ONR Grant Nr. N0014-94-1-0523.

738.7

738.8

CYTOCHROME OXIDASE ACTIVITY AT THE VENTRAL
BRAINSTEM ASSOCIATED WITH HYPOXIA. S.M. Johnson.
ME. Reynolds, C.O. Trouth. and R.M. Millis*.
Dept. of Physiology & Biophysics, Howard Univ.
College of Medicine, Waahhngton, D.C. 20059.
Intramitochondrial
cytochrome
oxidase
activity (CCO) has been used as a marker for
hypoxia in myocytes and central neurons. Neurons
involved in cardiorespiratory regulation at the
caudal ventrolateral medulla (CVLM) respond to
hypoxia.
The
present
studies
quantified
differences in CVLM CCO levels in neurons of rats
with a.) ligation of carotid of basilar arteries
(10-60 min), b.) topically applied mock CSF
(mCSF) 5 min at pH 7.40 or c.) KCN (5 min)
control. Incubation of frozen sections was done
for 0.5-2.0 h with DAB and cytochrome c; and
computer analysis of DAB reaction product was
calibrated in optical density units (ODU) to a
colorimetric standard optimized at 2-h incubation
(NIH Image Program• Topical mCSF and carotid or
basilar ligation produced CCO levels (.38 ± .01
ODU to .49 ± .02 ODU) that was decreased to .18
± .01 ODU in apneic (KCN induced; 3-5 s) rats and
decreased further to .05 ± .01 ODU in controls.
CCO in CVLM neurons appears to decline during
hypoxia associated with apnea.
(Support: ONR Grant No. NOOOH4944I-O523) .

CYANIDE EFFECTS ON CYTOCHROME OXIDASE ACTIVITY AT
THE VENTRAL BRAINSTEM.
ME. Reynolds. S.M.
Johnson.
C.O.
Trouth R.M.
Millis
&
J.A.
Holloway*. Dept, of Physiol. & Biophys., Howard
Univ. Coll, of Meedcine, Waahhngton, D.C. 20059.
Hypoxic
responses
of
cardiorespiratory
control neurons at the ventrolateral medulla
(VLM) have been described. After a 5-min topical
application of KCN (20 mg/mL) to chloraloseurethane anesthetized rats, cytochrome oxidase
activity
(CCO)
was
quantified
by
DAB
histochemistry in 20 /m frozen coronal caudal VLM
(CVLM) tissue sections. A timed study showed that
2-h incubation was optimal for densitometric
analysis of the DAB reaction product (NIH Image
Program, calibrated to a colorimetric steptablet that transforms pixel values from linear
light transmittance to optical density units
(ODU) or concentration. Control CCO was found in
CVLM sections exposed to KCN--ree mock CSF (mCSF)
and was compared to histochemical (HC) controls
incubated for 2 h in
0.7 mg/mL KCN.
At the
CVLM, KCN produced 3-5 s of apnea. KCN decreased
CVLM CCO from .38 ± .01 ODU in mCSF controls to
.12 ± .01 ODU and to .05 ± .01 ODU in HC
controls. CCO appears to be a marker for the
effects of hypoxia and cyanide at the CVLM.
(Supported by ONR Grant No. N00011-94-1-0523).

738.9

738.10

A TECHNIQUE TO MEASURE pH, IN NEURONS OF BRAINSTEM
SLICES.
N.A. Ritucci. J.S. Erlichman*. J.B. Dean and R.W. Putnam.
Department of Physiology & Biophysics, Wright State University School of
Medicine, Dayton, OH 45435.

VITRO MEASUREMENT OF pHi IN NEURONS IN MEDULLARY
CHEMOSENSITIVE AREAS. J.S. Erlichman. N.A. Ritucci. R.W. Putnam. R.-Q.
Huang* and J.B. Dean. Department of Physiology and Biophysics, Wright State
University, Dayton, OH 45435.
Specific donial and ventral sites of the medulla have been identified as chemosensitive, however, the proximate stimulus to these cells is unknown. Previous studies
suggest that intracellular pH (pHi) may be the physiologically relevant chemostimulus. We hypothesize that pHi and/or rate of pHi recovery during and after hypercapnia may be unique to cells located within CO2-chemosensitive areas of the medulla
as compared to cells located outside these areas. To this end, we have developed a
method for measuring pH in neurons in thin (100-150 pm) medullary slices loaded
with the pH-sensitive, fluorescent dye, BCECF (see: N.A. Ritucci et al.. this volume). Brain slices were prepared from 3-12 day old rats and superfused with a 5%
OO2/HCO3' artificial cerebral spinal fluid (ACSF) medium containing (in mM):
NaCI 124, KC15, NaHOO3 26, MgSO< 1.3, CSCIj 2.4, KH2P041.24 and glucose 10
(p Hacsf 7.4). pHi was measured in chemosensitive areas of n. tractus solitarii (avg. ±
S.E.; 7.23 ± 0.02, n= 51), dorsal motor n. (7.22 ± 0.09, n= 22) and near the ventrolateral surface (7.44 ± 0.04, n= 41). Non-chemosensitive areas included the spinal
trigeminl n. (7.70 ± 0.08, n= 18), n. retroambiguus (7.20 ± 0.02, n= 19), inferior
olive (7.46 ± 0.03, n= 7), gigantocellular reticular n. (7.20 ± 0.08, n= 7) and ventral
reticular n. (7.25 ± 0.03, n= 8). Hypercapnia (10% CO2) decreased pHi in all cells at
all sites to varying degrees (0.77 ± 0.11 pH units, n= 9). Moreover, the rates of recovery of pHi during hypercapnia differed among cells at a given site as well as between sites. We have also found that the ability of cells to regulate pHi during hypercapnic acidosis was critically dependent upon {Hess : decreases in pHAcsf of ~0.3
pH units impaired pHi regulation during hypercapnia. [NIH Grant HL 46308, AHAOH Affiliate Fellowship MV-94-06-F, WSU Research Challenge Award, and the
WSU Biomedical Sciences Program]

Certain chemosensitive neurons in dorsal and ventral regions of the medulla
respond to acid/base changes in the brainstem and are thought to be involved in
central chemoreception. We have developed a technique to measure pH, of
neurons in brain slices using a fluorescence imaging system. The medullae of
3-12 day old rat pups were excised and sectioned into 100-150 pm slices (unless
otherwise stated, all steps conducted at room temperature in 5% CO2/HCO3' buffer:
(in mM) 5 KC1, 124 NaCl, 1.3 MgSO„ 26 NaHCO,, 1.24 KH2PO„, 10 glucose, 2.4
CaCl2, pH=7.4). Slices were loaded with 4 pM BCECF-AM at 37°C for 15 minutes
and then washed for 10 minutes. Individual slices were placed into a 750 pi
chamber on the stage of an inverted microscope and superfused with COj/HCOj'
buffer at 2 ml/min. Dye-loaded slices were excited alternately at 500 and 440 nm.
The emitted fluorescence at 530 nm was directed through a GeniSysII image
intensifier and an MTI CCD72 camera. The subsequent images were processed by
Image 1/Fluor software. The ratio of 500 to 440 nm fluorescence was measured and
converted to pH by constructing a calibration curve using high KVnigericin
solutions at pH values between 5.8 and 8.6. Slices labeled with a neuron-specific
antibody, neuron-specific enolase, showed staining that correlated with that of
BCECF-loaded cells. Slices labeled with a glial-specific antibody, glial fibrillary
acidic protein, showed staining that was very different from that of BCECF-loaded
cells. This indicates that our pH, measurements were taken from neurons. Average
pH, values of neurons in the ventral and dorsal medullary regions were 7.38 ± 0.02
(n=85) and 7.32 ± 0.02 (n=110), respectively. These values are the first in situ

measurements of pH, in the dorsal and ventral regions of the medulla.
[Supported by NIH HL 46308 and the WSU BMS program.]
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738.11

738.12

ANATOMICALLY COUPLED COYH-CHEMOSENSITIYE NEURONS IN
THE DORSAL MEDULLA. J.B. Dean. R.-Q, Huang and R.E.W. Fvffe*'! Depts.
of Physiol, and Biophysics, and Anatomy! Wright State Univ., Dayton, OH 45435.
Morphological properties of C02/H+-excited neurons in the solitary complex (SC;
i.e., n. tractus solitarius, dorsal motor n.) were investigated via perforated-patch recordings in transverse, thin slices (~150 pm) prepared from rats (0-14 days old).
Chemosensitivity was tested by increasing CO2 (bal. O2) in HCOj-buffered medium
from 5% to 10 or 15% for 5-10 min. The patch was ruptured after establishing the
cell's response to CO2 /H+, thereby permitting lucifer yellow and biocytin to stain the
cell. Fifteen neurons were anatomically coupled to a second cell; 11/13 coupled neurons were CO2 /H--exctted. Coupling potentials (CPs ; Fig. IA, Y ) were observed
only in anatomically coupled cells, and were maintained during chemical synaptic
blockade. CP frequency often increased with high CO2 /H+ indicating that the adjacent coupled cell was also chemosensitive (Fig. 1A, B). CPs were also seen in adult
Fig. 1A
(5% CO2)
"

ELECTROPHYSIOLOGICAL
PROPERTIES
OF
NEURONS
IN
CHEMOSENSITIVE AREAS OF THE DORSAL AND VENTRAL
BRAINSTEM. T.L. Southard*. R.-Q. Huang. J.B. Dean. Dept, of Physiology and
Biophysics, Wright State University, Dayton, OH 45435.
Neurons in the dorsal medullary (i.e., solitary complex, SC) and ventrolateral
medullary (YLM) chemosensitive areas are hypothesized to function in central
chemoreception. The present study employed the perforated-patch technique
(amphotericin B) in thin slices (~150pm; 0-14 day old fats) to characterize
electrophysiological responses (e.g., membrane potential, Ym; firing rate; input
resistance, Rn ) of neurons in SC and YLM to hypercapnia. Individual neurons were
visualized using Hoffman Modulation Contrast Optics and exposed for tight-seal
recording. Cell sensitivity to hypercapnia was tested by increasing the % CO2 (bal.
OO aerating the nutrient medium from 5% (control) to 10% or 15% (hypercapnia)
for 5 to 10 min; most experiments were conducted in high Mg**-low Ca** synaptic
blockade medium. In the ventral medulla, 28% of neurons tested were CO2U+excited (i.e., chemosensitive), 32% were CO2/H+-inhibited and 40% were CO2ff**insensitive. Twenty-four percent of the neurons in the SC were CO2/H+-excited,
29% were CO2/H+-inhibited and 47% were CO2/H+-insensitive. Rn was either
increased or unchanged in CO2/H+-excited cells during hypercapnia; Rn changes
were variable in CO2/H*-inhibited cells and CO2/H*-insensitive cells demonstrated
no changes in Rn . Depolarizing, excitatory responses to hypercapnia reversed at
membrane potentials - -90 mY for both SC and YLM chemosensitive neurons.
Pretreatment with the potassium channel blocker 4-aminopyridine (4-AP, 2-10 mM)
abolished CO2-induced depolarization. We conclude that OO2/H+-gxcited neurons
comprise -1/4 of the cells tested in the SC and YLM. We hypothesize that CO2induced depolarization involves a decreased K+ conductance based on 1) increased
Rn during hypercapnia, 2) reversal of the response at Ym - -90 my, and 3) blockade
of CO2/H+-excitation by 4-AP (NIH HL 46308, WSU BMS Program).
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SC neurons indicating that coupling was not a developmental phenomenon unique to
neonates. Our findings demonstrate that anatomical coupling and CPs occur primarily in chemosensitive SC neurons, suggesting that they are electrically coupled via
gap junctions. Moreover, CPs are still observed during and after repeated exposures
to high CO2/H+ suggesting that SC neurons, unlike most other types of cells, are not
uncoupled by intracellular acidosis. [NIH Grants HL 46308 and NS 25547]
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ACETYLCHOLINE INCREASES INTRACELLULAR CALCIUM OF
CULTURED CAT CAROTID BODY CELLS. M. Shirahata*. J.S.K, Sham, and
R.S. Fitzgerald. Departments of Environmental Health Sciences & Medicine,
The Johns Hopkins Medical Institutions, Baltimore, MD 21205

HYPOXIA DEPOLARIZES CULTURED CAT GLOMUS CELLS BUT DOES
NOT INCREASE INTRACELLULAR CALCIUM. Chung-Long Chou*. J.S.K.
Sham, Y. Ishizawa. and M. Shirahata. Departments of Environmental Health
Sciences & Medicine, The Johns Hopkins Med. Inst., Baltimore, MD 21205

Acetylcholine (ACh) is present in glomus cells of the carotid body (CB). ACh
receptors are located on glomus cells as well as carotid sinus nerve (CSN).
Exogenous application of ACh to the CB increases CSN neural activity and
dopamine release. Perfusion of the CB with blockers of ACh receptors inhibits
neural response of the CB to hypoxia. These data suggest ACh may have

Our previous data using in vivo adult cats indicate involvement of voltage
sensitive calcium channels (YSCC) for the CB response to hypoxia. We have been
culturing CB cells from adult cats, and the cultured glomus cells released dopamine

multiple actions in the CB. As one of the steps to elucidate possible roles of ACh
in the CB chemotransduction we examined the effect of ACh on intracellular
calcium concentration (Ca,) of cultured cat CB cells with microfluorometric
technique using Indo-1. CB cells were loaded with Indo-1 for 1 hour, and
extracellular dye was removed by superfusion of Krebs solution for 45 min.
Experiments were performed at 37 °C, and cells were continuously superfused
with Krebs solution or Krebs solution containing pharmacological agents. All
solutions were equilibrated with 5 % CO/16 % O 2. Ca, was measured from
clusters. ACh (1-100 pM) dose-dependently increased Ca„ and approximately
80 % of clusters tested responded to ACh. Nicotine mimicked ACh effect, and
pilocarpine occasionally caused very small increase in Ca,. Increase in Ca, by
ACh was not blocked by caffeine which depletes Ca from intracellular storage
sites. A L-type calcium channel blocker, nifedipine, did not block the effect of
ACh. The results suggest that ACh increases Ca, of cultured CB cells through
activation of nicotinic channels. Supported by HL 47044, HL 50712, and HL
52652.

by an activation of YSCC. Ca influx through activated YSCC increases
intracellular calcium (Ca,) of glomus cells and triggers neurotransmitter release.
We tested the following possibilities if the cat glomus cells are depolarized during
hypoxia, and if Ca, increases during hypoxia. The CB cells cultured on glass
coverslips were superfused with Krebs solution equilibrated with 5 % CO/21 %
025 % C02/16 % 02, or 5 % CO2/0 % 02. PO2 in the recording chamber was

in response to hypoxia. These data are well fit to a current hypothesis of carotid
body (CB) chemotransduction. That is, hypoxia depolarizes glomus cells followed

monitored continuously. Membrane potentials (EJ of glomus cells were measured
with patch clamp techniques. E changed from -54±3 mY during hyperoxia to 26±5 mY during hypoxia (20-30 torr; n=4). Sheath cells and other non-glomus
cells in the cluster were not significantly depolarized during hypoxia. Ca, of
clusters was measured with microfluorometric technique using Indo-1, and it did not
show significant changes during hypoxia. On the other hand, application of 100
mM K+ clearly increased Ca„ suggesting the presence of functioning YSCC. Data
suggest that under these experimental conditions depolarization of glomus cells
during hypoxia may not enough to fully activate YSCC. Supported by HL 47044,
HL 50712, and HL 52652.

739.3

739.4

CATECHOLAMINE RELEASE FROM RAT CAROTID BODY
CULTURES
REARED
IN NORMOXIC
AND HYPOXIC
ENYIRONMENTS. A. Jackson and C.A. Nurse*. Dept, of Biology,

CARBONIC ANHYDRASE AND CC2 CHEMORECEPTION IN FROG
OLFACTORY RECEPTOR NEURONS. E.L. Coates* and R.P. Smith.
Department of Biology, Allegheny College, Meadville, PA 16335.
There is substantial evidence that the enzyme Carbonic Anhydrase (CA)
plays an important role in the detection of CO2 by central (Coates, Li, and
Nattie, 1991; Hanson, Nye, and Torrance, 1981; Erlichman, Coates, and Leiter,
1994) and carotid body chemoreceptors (Lahiri et al., 1993). The objective of
the present study was to determine whether the olfactory CO2 neurons in
bullfrogs also use CA to detect changes in CO2.
T 0 test this hypothesis, olfactory generator potentials were recorded from the
ventral epithelium of bullfrogs using glass electrodes (tip diameter = 15-25 pm).
Olfactory receptor neurons were tested for their response to 2 second pulses
of 5% CO2 and amyl acetate before and after (up to 90 min) topical CA
inhibition with acetazolamide (10'2M) or before and after application of an
inactive acetazolamide analog (CL 13850).
In 52 bullfrogs, 1222 sites on the ventral epithelium were checked resulting
in 23 locations that exhibited a response to C02. It was found that CA
inhibition caused an immediate 65% reduction in the generator potential
amplitude in response to CO2 while the response to amyl acetate was not
affected. Application of the inactive acetazolamide analog had no affect on the
receptor response to either CO2 or amyl acetate. These results indicate that
CA plays a role in the detection of CO2 by frog olfactory receptor neurons but
not in the detection of "normal" odorants and that CO2 receptors are relatively
rare in the olfactory epithelium. The sparse distribution of CCfe-sensitive
olfactory neurons was confirmed by histochemical localization of CA in 2C pm
cryostat sections, which showed that relatively few olfactory neurons in the
bullfrog contain CA.
(Supported by NSF grant # IBN 94-C9236)

McMaster University, Hamilton, Ontario, Canada, L8S 4K1.
Chronic hypoxia in vivo produces adaptive changes in the
chemosensory carotid body (CB) resulting in time-dependent
modifications in respiratory functions. Several adaptations to hypoxia
have been identified in CB O2-chgmorecgptors (glomus cells) including
cell hypertrophy,
changes
in ion channel expr^sion
jmd
neurotransmitter function. By exposing cultures of dissociated Wistar
rat CB to different 02 tensions, we have uncovered some plastic
properties of glomus cells that are likely due to direct effects of
hypoxia (P.N.A.S. 89: 9469, J. Neurobiol. 26: 485, J. Neurosci. 15:
2192). In this study we begin an investigation of the neurotransmitter
status of these cultures by measuring dopamine (DA) release using
HPLC (with electrochemical detection). Both acute hypoxia (6 or 10%
Oj) and high K+ medium stimulated DA release from control cultures
grown in normoxia for 1-2 weeks. Compared to controls, basal DA
release was consistently higher in chronically hypoxic cultures. Further,
K+^voked DA release (pmol/1000 glomus cells) was significantly
higher in chronically hypoxic compared to control cultures after 2
weeks in vitro. We are investigating whether these modifications in
neurotransmitter function can be correlated with other known
physiological and biochemical changes that have been identified in
these chemoreceptors after chronic hypoxia. Supported by MRC
Canada and the Heart and Stroke Foundation of Ontario.
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THE ROLE OF PROTEIN PHOSPHORYLATION IN THE
REGULATION OF INTRACELLULAR Ca2+ LEVELS AND
CATECHOLAMINE (CA) RELEASE IN CULTURED RABBIT
CAROTID BODY TYPE I CELLS. L. He. J. Chen*. B. Dinger and S.
Fidone. Dept. Physiol., Univ. Utah Sch. Med., Salt Lake City, UT
84108.
Although previous studies have demonstrated that Ca2+ currents rapidly
degenerate (rundown) in chemosensory type I cells during patch-clamp
experiments, it has nonetheless been suggested that Ca2+-channel function
in these cells is not regulated by cyclic AMP-initiated protein
phosphorylation (J. Neurochem. 57: 1992-2000, 1991). In the present
study, the presence of MgATP and the catalytic subunit of protein kinase
A (PKAc) in patch pipettes markedly slowed the rundown and
significantly enhanced the peak values of sustained inward (L-type) Ca2+
currents recorded in freshly dissociated chemosensory cells, an effect
which was mimicked by okadaic acid, a protein phosphatase inhibitor.
Ratiometric imaging revealed that agents which increase cAMP in carotid
body type I cells (forskolin, 10 pM; adenosine, 100 pM) also potentiate
hypoxia-evoked intracellular Ca2+ responses. Finally, a sulfur substituted
cell permeant PKA inhibitor, Rp-cAMPS, depresses 3H-catecholamine
(synthesized from 3H-tyrosine) release evoked from superfused carotid
bodies. The current results are consistent with the hypothesis that
hypoxia, which elevates cAMP in type I cells, initiates a cascade of
events resulting in elevated intracellular Ca2+ levels and enhanced CA
release. Supported by USPHS grants NS 12636 and NS07938.
RESPIRATORY REGULATION:

DIFFERENTIAL STIMULUS TRANSDUCTION PATHWAYS IN
ARTERIAL CHEMORECEPTOR ORGANS. J. Chen. B. Dinger* and S.
Fidone. Dept. Physiol., Univ. Utah Sch. Med., Salt Lake City, UT 84108
In the present study calcium- and calmodulin-dependent protein
phosphorylation was evaluated in tissue homogenates of rabbit carotid
bodies previously treated with either nicotine (100 pM) or hypoxia (10%
02 media) in vitro (10 min). Initial experiments established the
relationship between ^P incorporation (from 32P-y-ATP) in trichloroacetic
acid protein precipitates and varying amounts of Ca2+ and calmodulin.
Using optimum concentrations of these reagents (0.5 mM CaC^; 26
pg/ml calmodulin), we subsequently assessed MP incorporation in the
presence or absence of Ca2+/calmodulin as an indicator of calcium/
calmodulin protein kinase II (CaMKII) activity. The data show that
compared to intact carotid bodies superfused in 100% 02, prior stimulation with 10% 02 media did not affect 32P incorporation. In contrast,
exposure to nicotine significantly reduced (p<0.001) the Ca2+/calmodulindependent ^P incorporation. Because these assays were conducted in
tissue homogenates following stimulation of intact carotid bodies, the data
are consistent with the notion that nicotine, but not hypoxia, had previously activated CaMKII thus occupying many target phosphorylation
sites with unlabeled phosphorus groups from the endogenous pool of
ATP. Our findings support the hypothesis that nicotine vs. hypoxia
activate fundamentally different signal transduction pathways in rabbit
chemosensory type I cells. Supported by USPHS grants NS 12636 and
NS07938.
DEVELOPMENTAL MECHANISMS

740.1

740.2

DEVELOPMENTAL CHANGES IN THE ISOLATED RESPIRATORY SYSTEM
OF MICE: AN IN VITRO STUDY USING THE TRANSVERSE RHYTHMIC
SLICE. J.M. Ramirez*. U.J.A. Ouellmalz. P. Telgkamp and D.W. . Richter.
Department of Physiology, University of Gottingen, 37073 Gottingen, FRG.
The transverse brainstem slice containing the pre-B6tzinger complex (pBC) has
recently been introduced as an in vitro system to study the postnatal development of
the respiratory system in mice (Funk et al. 1994, J. Neurophys. 72: 2538; Ramirez et
al. 1995, Eur. J. Phys. 429: 599). This medullary slice generates at all examined
postnatal stages (P0-31) spontaneous rhythmic activity that can be recorded as mass
activity from hypoglossal (XII) rootlets. XII rootlet activity is in phase with
inspiration and was used to determine phase-relationships of simultaneously recorded
rhythmic neurons in the pBC, an area critical for respiratory rhythm generation.
During the first 3 postnatal weeks the duration of XII bursts remained unaltered.
However, the pattern of XII bursts changed from decrementing (Pl-7) to bell-shaped
(P8-22), correlated with a significant decrease (p=0.008) in the rise of integrated
bursts (-43.3 %). The degree of coupling between bursts in the pBC and those in XII

DIFFERENTIAL EFFECT OF DOXAPRAM ON THE ISOLATED RESPIRATORY NETWORK OF NEONATAL AND MATURE MICE. B. Wilken*. J.M,
Ramirez. U.J.A. Ouellmalz. F. Hanefelk. D.W. Richter, Depts. of Physiology and
Pediatric Neurology, University of. Gottingen, 37073 Gdttingen, FRG.
Doxapram is often used in the treatment of idiopathic central apnea in premature
infants. It is effective in some cases which do not respond to aminophylline, although
in other cases neither of these drugs is successful in treating apnea. These
inconsistent effects may be due to maturational changes in the responsiveness of the
respiratory system (Peliowski and Finer, 1990 J Pediatr 116:648-653). At present the
site of doxapram action and possible developmental dependency remain uncertain.
Thus, we examined at different postnatal stages (PO-16) the effect of doxapram on

rootlets changed during postnatal development, being 1:1 in a neonatal and on
average 3:1 in a mature mouse. No obvious .developmental change occurred in
rhythm generating mechanisms. At all examined postnatal stages (P0-31) rhythmic
activity was abolished by lOpM of the non-NMDA antagonist CNQX. Rhythmicity
was maintained in the presence of glycinergic (strychnine, 0.2-20pM) and

GABAergic (bicuculline up to 200pM) antagonists. Although inhibitory synaptic
mechanisms seem not essential for rhythm generation, they are important for pattern
generation. In XII rootlets blockade of inhibitory mechanisms caused an increase in
frequency and burst amplitude and a decrease in burst duration. In the pBC blockade
of inhibitory synapses increased rhythmic drive potentials and intraburst spike
frequency of inspiratory neurons. The phasic hyperpolarization generated in
expiratory neurons was decreased in the presence of strychnine. Following blockade
of both glycinergic and GABAergic inhibition expiratory neurons were found to
discharge in phase with inspiration.

the isolated respiratory network using the transverse rhythmic brainstem slice
preparation of mice (Ramirez et al., 1995 Eur J Phys 429:599). These slices (650 700 pm) contain the pre-Bdtzinger complex (pB<Q, a region critical for. respiratory
rhythm generation. Spontaneous respiratory rhythmic activity was recorded
extracellularly from hypoglossal (XII) roodets and intracellularly from neurons
within the pBC using the 'whole cell patch technique. In neonates (PO-4) 20 pM
doxapram caused a decrease in cycle length of XII bursts (-74.5% +/- 66) without
affecting burst amplitude (5% +/- 13, n=4). In contrast, in mature animals (P5-16),
there was a significant increase in cycle length of XII bursts and burst amplitude
(56% +/-59 and 79% +/-43, n=8), respectively. This developmental change was not
abrupt and at an intermediate developmental stage (P5-8) alteration in cycle length
was not significant (65%+/-67, n=4). First effects on burst amplitude were seen at
postnatal day 6. Alterations in frequency and amplitude of XII roodet activity were
reflected in similar changes in pBC neuronal activity. Doxapram caused a
depolarization of inspiratory neurons. Wo are currently investigating the cellular
basis for this effect. Our data suggest that doxapram acts directly on the central
neural network for respiration and that its action is dependent on dramatic
maturational changes in the developing mouse.

740.3

740.4

DEVELOPMENTAL CHANGE IN THE HYPOXIC RESPONSE OF THE IN
VITRO RESPIRATORY SYSTEM OF MICE. U.J.A. Ouellmalz*. J.M. Ramirez.
D.W. Richter. DepL of Physiology, Univ. of Gottingen, 37073 Gottingen, FRG.
The response of the mammalian respiratory system to hypoxia changes
dramatically during postnatal development and several different sites within the
respiratory system have been proposed to be responsible for this phenomenon. We
examined developmental changes in the hypoxic response of the isolated respiratory
network using a rhythmically active medullary slice preparation of mice (Funk et
al. 1994, J. Neurophys. 72: 2538; Ramirez et al. 1995, Eur. J. Physiol. 429: 599).
Respiratory rhythmic activity at all postnatal stages (PO-31) was recorded

GLOMUS CELL EXCITABILITY AND CAROTID BODY
REFLEXES IN NEONATAL AND ADULT RATS ACCLIMATIZED
TO CHRONIC HYPOXIA. S.C. Hempleman. F.L. Powell*, and S.M.
Asgedom. Dept, of Medicine, University of California, San Diego, La
Jolla, CA, 92093.
Chronic hypoxia (CHX) for several days to weeks increases the
acute hypoxic ventilatory response (HVR) in adult rats, but has variable
effects in neonatal rats. To investigate, we studied HVR and carotid
body glomus cell Na+ and K+ currents in chronically normoxic (CON,
PO2=140 mmHg) and chronically hypoxic (CHX, PO2=80 mmHg) adult
(24-30 wks old) and neonatal rats (1 week old). Rats were acclimatized
to CON or CHX for 3-4 weeks (CHX neonates were gestated and born
in hypoxia). HVR was measured by body plethysmography; voltagegated Na+ and K+ currents were measured in dissociated carotid body
glomus cells using whole cell patch clamp. In neonates, CHX blunted
the acute HVR (10% 02 for < 1 min; p<0.05). Blunting persisted
when hypocapnia was prevented with 4% CO2 in 10% O2. This contrasts
with adult rats in which CHX significantly increases the acute isocapnic
HVR. In neonatal glomus cells, CHX decreased Ik density (pA/pF,
p<0.05), and increased INa (pA, p<0.05). In adult rat glomus cells
CHX also decreased Ik density (p<0.05), and tended to increase INa.
These results are consistent with increased glomus cell excitability in both
adults and neonates after CHX, and suggest that blunting of the HVR in
neonates is a CNS effect of CHX. Supported by NIH-HL17731.

extracellularly from hypoglossal (XII) rootlets and intracellularly from preBOtzinger complex neurons. Hypoxia, maintained for 20 - 30 minutes, was induced
by replacing carbogenated artificial CSF with one containing a mixture of 95% N2
and 5% C02. In slices obtained from neonatal mice (P0-P7, n=15) hypoxia induced
a significant decrease in frequency (34.7% +/-5) which never led to a cessation or"
rhythmic activity. Duration (-2.1% +/-3.5), amplitude (-5.4% +/-6) and rise (+1.5%
+/-5) of XII bursts were not significantly affected by hypoxia. In contrast, in mature
animals (P7-P14, n=9) hypoxia caused an initial increase in the frequency of XII
activity (+73.5% +/-20) which was accompanied by a dramatic increase in burst
duration (+45.5% +/-12), amplitude (+85.6% +/-29) and rise (+29% +/-10) of XII
bursts. We refer to this initial phase as augmentation. Augmentation was followed
by depression characterized not only by a decrease in frequency (-20.2% +/-9), but
also in burst duration (-9.1% +/-8), amplitude (-21.2% +/-17) and rise (-5.5% +/18). Depression led always to abolition of rhythmic XII activity (centra! apnea).
Inspiratory neurons in the pre-Bdtzinger complex were initially depolarized and
subsequently hyper-polarized. Expiratory neurons were only hyperpolarized. Under
normoxic conditions, both groups showed complete recovery. Our results indicate
that the isolated central network for respiration undergoes dramatic maturational
changes in its hypoxic response which can now be analyzed under in vitro

conditions.
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740.5

CCK8-SULFATED ALTERS THE TIMING AND PATTERN OF
RESPIRATORY BURSTS IN THE NEONATAL RAT IN VITRO
BRAINSTEM-SPINAL CORD PREPARATION.
H. H.
ELLENBERGFR* and F. M. SMITH. Department of Anatomy and
Neurobiology, Dalhousie University, Halifax N.S., Canada, B3H 4H7.
Anatomical evidence suggests a role for cholecystokinin (CCK) in
respiratory control (Ellenberger et al., J. Chem. Neuro.. 5:375.
1992.). CCK receptors can directly affect neuronal membrane
conductances or can act through a variety of second messenger
systems. We examined the role of CCK-A and -B receptors on
respiratory pattern in the in vitro neonatal rat brainstem-spinal cord.
Long Evans rats (0-3 day old) (n=12) were anesthetized with ether and
the caudal brainstem and cervical spinal cord were removed en bloc and
placed in flowing artificial CSF solution (pH 7.4, 27°C). Respiratory
burst activity was recorded extracellularly from C5 ventral roots.
Activation of CCK-A receptors by bath application of CCK8-Sulfated
(CCK8-S) doubled respiratory burst frequency at a concentration of
30 and 60 nM. At a CCK8-S concentration of 120 nM, burst duration
became prolonged with long augmenting and decrementing phases.
There was little or no change in burst amplitude or tonic activity. Bath
application of similar volumes and concentrations of the CCK-B
agonist, CCK8-Unsulfated, did not produce these effects. The CCK-A
specific antagonist, lorglumide (600 nM) blunted or abolished
responses to all concentrations of CCK8-S. These results suggest that
CCK-A receptors can alter rate and pattern of respiratory burst
discharge by acting primarily within the medullary respiratory network
and not directly on respiratory motoneurons.
Supported by MRC grants MT12212 (HHE) and MT11622 (FMS).
FMS is a Scholar of the Heart and Stroke Foundation of Canada.
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740.6

PERIODICITY OF SPONTANEOUS RESPIRATORY BURST
ACTIVITIES IN NEONATAL RAT MEDULLARY SLICE. Y,
Nakazono*. A.Watanabe. H.Shimizu, and M.Aoki. Dept, of Physiol.,
Sapporo Medical Univ. Sch. of Med., Sapporo 060, Japan
To investigate the neuronal mechanisms of spontaneous respiratory
rhythm generation in the brainstem, we analyzed the periodicity of burst
intervals in brainstem slice preparations of neonatal rats (1-7 days).
Transverse slices (750 pm thick rostral to the obex, pre-obex region)
were prepared. Spontaneous burst discharges were extra-cellularly
recorded from the hypoglossal nucleus (XII n.) and/or the ventrolateral
region including the pre-Botzinger complex. The onset time of each
burst was detected with a Schmitt trigger circuit. During the recording
(20 - 60 min), burst to burst intervals (T) were automatically
determined by means of a digital clock counter. The bursting rhythm of
XII n. steadily continued for a few hours in the seven days after birth
preparation, with the mean interval of 7.52 s and coefficient of variance
of 0.16. We compared these statistical rhythm properties between of
medullary neuronal discharges and of C5 rootlet nerve discharges
obtained from the brainstem and spinal cord preparation (previously
reported). The results showed that the rhythm from a single medullary
slice had similar statistical properties to that from the brainstem and
spinal cord preparation. It is suggested that the pre-obex region is a
sufficient subsystem for generating the respiratory rhythmic bursting in
the brainstem and spinal cord in neonatal rats.

740.8

SEROTONERGIC INNERVATION OF MEDULLARY
RESPIRATORY CENTERS DURING RAT PRE- AND
POSTNATAL DEVELOPMENT. S. M. Wagner and S. W.
Schwarzacher*. Department of Clinical Anatomy, Univ. of
Gottingen, D-37075.
Serotonin (5-HT) exhibits powerful modulation of central
respiratory control during ontogenesis of the mammalian
brainstem respiratory network. In addition, it has potential
trophic effects on development of synaptic interaction.
We mapped for 5-HT-Immunoreactivity (5-HT-IR) in the
ventral respiratory group (VRG) including the pre-BotzingerComplex in pre- and postnatal rat brainstems. 5-HT-IR cell
bodies of the local caudal raphe nuclei appeared at embryonal
day 14 (E 14), terminals with varicosities were detected in the
VRG at E15. The number and density of 5-HT-IR fibres as well
as fibre branchings within the VRG increased rapidly during
the following three weeks reaching adult levels at postnatal
day 14 (P 14). In contrast, 5-HT-IR terminal varicosities were
densely distributed already at E16-17 and remained at a
constant level of density during maturation. Therefore, local
serotonergic innervation appears to be present during the
entire period of pre- and postnatal development of medullary
respiratory centers. The increase in 5-HT-IR fibre density may
reflect the development of synaptic interaction within the
respiratory network.
Supported by DFG

SPATIOTEMPORAL EXPRESSION OF POLYSIALATED NCAM
DURING PHRENIC NERVE OUTGROWTH AND
INTRADIAPHRAGMATIC BRANCHING. Allan. D.W»and Greer. J.J..
Div. of Neuroscience, U. of Alberta, Edmonton, Alberta T6G 2S2, Canada
During the second and third trimesters of rat gestation, phrenic
motoneurons grow out from the cervical spinal cord (C3-C5) through the
developing thoracic cavity to innervate the diaphragm in a highly
stereospecific manner. Towards understanding some of the molecular events
associated with these processes, we examined the pattern of expression of
growth associated protein (GAP-43) and polysialyated neural cell adhesion
molecule (PSA-NCAM) in the phrenic nerve and diaphragm (E11-P0).
Immunohistochemical detection of GAP-43, PSA-NCAM and NCAM was
performed using anti-GAP-43 MAb (Sigma), 12E3 MAb (T. Seki) and
polyclonal anti-NCAM (E. Bock), respectively.
PSA-NCAM expression was discretely localised along growing phrenic
axons at three major directional decision areas: i) at the brachial plexus,
where phrenic and brachial axons diverge; ii) at the primary branching site
within the diaphragm, where three distinct branches form; iii) along
intramuscular branches, where axons separate from the nerve trunk to
innervate developing myotubes. The expression ofPSA-N CAM in the phrenic
nerve thus correlates spatiotemporally with episodes of defcsciculation and
motoneuron pool-specific guidance. There was also a clear spatiotemporal
distribution ofPSA-NCAM in developing diaphragmatic myotubes which was
correlated with the regional innervation and intramuscular branching of the
phrenic nerve and possibly secondary myogenesis. Functional studies of the
role of PSA-NCAM were performed by looking at perturbations induced by
cleavage of die PSA moiety from the NCAM molecule via intra-amniotic
administration of the enzyme endoneuraminidase (U. Rutishauser). Funded
by MRC and AHFMR.

740.9

740.10

MEDIUM FREQUENCY OSCILLATIONS DOMINATE THE PHRENIC NERVE
DISCHARGE OF NEWBORN RATS. R.P. Vertes* and B. Kocsis.
Center for Complex Systems, Florida Atlantic University, Boca Raton, FL, 33431
In adult animals, the discharge of the phrenic nave, representing central
inspiratory activity contains two components termed medium frequency oscillations
(MFO), in the range of20-50 Hz, and high frequency oscillations (Hf O), in the range
of50-100 Hz. It was demonstrated in the cat and pig that while MFOs were present
in newborn animals, HFOs appeared later in the development and were therefore
considered an index of maturation of the respiratory system. It has also been found
in kittens that the switch in phrenic nerve activity from MFO to HFO dominance
coincided with a characteristic change of the respiratory response to hypoxia from a
biphasic response to sustained facilitation of respiration, suggesting that the
respiratory system in these species exhibits an abrupt transition from immature to
mature pattern in early infancy and that the two measures reflect this transition (Sica
& Gandhi, 1990). Although the biphasic respiratory response to hypoxia has been
described in the rat, frequency characteristics of the rat phrenic nerve discharge have
only been studied in an in vitro preparation (Smith et al.,1990).
In this study we examined the synchronization of the discharge of phrenic
motoneurons in anesthetized rat pups 14 to 27 days of age. We found that the
inspiratory phrenic nerve activity, its first half (ramp) in particular, consisted of
synchronized bursts separated by 20-35 ms, corresponding to MFOs. Accordingly,
the autospectra of the neurograms had two peaks, one at the respiratory rate and the
other at 30-35 Hz. The latter was relatively broad, occupying a range of frequencies
from 15 to 50 Hz. These findings demonstrate that phrenic nerve discharge of rat
pups, like that of kittens and piglets, is in the MFO range, and suggest that MFO
activity is an index of an early developmental stage of the respiratory system.

SEIZURES AND ELECTROCORTICOGRAPHIC DEPRESSION AFTER
RAPID-ONSET HYPOXIA IN YOUNG PIGLETS. K.A. Waters. C.
Beardsmore. G.A. Turner. J. Paquette. B. Meehan. I.R. Moss*.
Developmental Physiology Lab., McGill Univ., Montreal Children’s
Hospital, Montreal, PQ, H3H 1P3.
To determine whether the severity or the pattern of hypoxia is important
to the induction of seizures, electrocorticographic (ECoG) depression and
gasping respiration, cortical electrodes and an arterial cannula were
implanted chronically in 16 piglets age 10-22 d. In 48 studies, piglets were
exposed to rapid-onset hypoxia of 6%, 8% or 10% on alternate days.
Animals were awake, moving freely and hypoxia was either continuous
(CH) or repetitive (RH), lasting 21 min in total. RH comprised 7 x 3-min
epochs alternating with 3-min recovery epochs in air. ECoG & respiratory
responses were filtered and digitally acquired, to permit spectral analysis
of the ECoG signals. The ECoG frequency spectrum shifted towards the
delta band during hypoxia. Seizures and ECoG depression occurred
repeatedly in 6 of 12 piglets exposed to 6% RH, whereas a single event
occurred in 2 of 8 piglets during 6% CH. Cortical depression was more
marked when hypoxia occurred in brief, repeated cycles as compared to
CH of equivalent severity and duration, suggesting particular sensitivity of
the cortex to rapid changes in oxygen tension at the onset of hypoxia.
Respiratory and metabolic adjustments in CH may aid in the recovery
from ECoG events.
Supported by NHLBI HL-36939 (USA, IRM); the Montreal Children’s
Hospital Res. Inst. (KAW); the Foundation for the Study of Infant Deaths
(UK) & The Wellcome Trust (UK, CSB).
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MATmOMTICAL MODELLING OF PERIODIC BREATHING AT
HIGH ALTITUDE:
A COMPJARATIVE STUDY OF NORMAL
ADULTS DURING SLEEP AND AWAKE COINDTIONS.
K.
Sentrayan1, A. Thorpe, Jr.1, A. J. Trouth2, C.O.
Trouth*-2 . S. Rapisardi3*, Depts. of Physio. &
Biophys. ,
Neuro.2,
Anatomy3,
Coll.
of Med.,
Howard Univ., Wash., D.C. 20059
A mathematical model has been developed for a
comparative study of normal adults during sleep
and awake conditions at high altitude. The model
considers the controlling effects of both central
and peripheral chemoreceptors and has lung, body,
and brain tissue compartments.
This model also
considers time delays and circulatory mixing. We
have calculated the peripheral CO2,
O2,
and
central CO2 loop transfer functions using a
perturbation approach.
Vector addition of the
peripheral CO2, O2 and central CO2 loop transfer
functions is used to calculate the overall system
loop gain (LG) and phase lag (j).
The stability
and oscillating conditions for periodic breathing
of normal adults, during sleep and wakefulness at
various altitudes have been compared using the
calculated LG and 0. The increase in overall
system loop gain and decrease in cycle time is
observed at high altitudes both in sleeping and
awake normal adults.
We postulate that during
sleep at
high altitudes
both
central
and
peripheral controllers are affected whereas at
sea level, only the central controller is being
affected by sleep while the peripheral controller
remains unchanged.
Supported by ONR Grant No.:
NOO14-94-1-O523.

SPINAL SEROTONIN RECEPTORS MODULATE BREATHING PATTERN
DURING EXERCISE WITH INCREASED DEAD SPACE IN GOATS. D.L.
Turner*#. G.S. Mitchell. K.B. Bach and K.T. Folev. University of Wisconsin,
Madison, WI 53706, USA and #University of Leeds, Leeds LS2 9NQ, UK.
Increased dead space (AVd ; 0.2-0.3 L) augments the exercise ventilatory
response, maintaining arterial PCO2 regulation from rest to exercise (short term
modulation, STM). Thoracic, intrathecal administration of the 5-HT receptor
antagonist, methysergide, attenuates the ventilation increase (AVi) and increases
PaCO2 during exercise with AVd (FASEB J., 9: A666, 1995). As STM is mediated
by an increased tidal volume (AVt ), without change in the frequency response
(AFR) to exercise, we hypothesized that intrathecal methysergide would attenuate
AVt and respiratory drive (A[Vt /Ti ]) without effect on AFr during exercise with
AVd . Goats ran on a treadmill at 4.0-4.8 km/hr, 5 % grade, with and without AVd ,
before and after intrathecal (Tg-T,i) methysergide (0.03 mg/kg) or saline.
Methysergide significantly attenuated AVi, A[Vt /Ti ] and AFr during exercise with
AVd (mean±SEM; n=7; *, p<0.05), but there was no change in AVt after drug
administration. Intrathecal ketanserin (0.3mg/kg, n=4), a more selective 5-HT:
receptor antagonist, increased PaCO2 during exercise with AVd , indicating a loss
of STM, but did not significantly affect AFr .

Saline
Methysergide

AVi
AVt
46±6 0.32±0.07
38±5* 0.29±0.07

AVt /Ti ]
1.41 ±0.20
1.05±0.15*

AFr
43 ±6
34±4*

Thus, during STM: 1) spinal 5-HT receptors modulate respiratory drive (ie. Vt /Ti ),
possibly via changes in spinal respiratory neuron excitability mediated by 5-HT2
receptors; and 2) respiratory timing (Fr ) is altered via effects on primary afferent
transmission, possibly via 5-HT, receptors in the dorsal horn (NIH HL36780).

741.3

741.4

INCREASED SPINAL MONOAMINE CONCENTRATIONS
FOLLOWING THORACIC DORSAL RHIZOTOMY (TDR) IN GOATS.
Q.S^Mifrhgll*, KtT, FQley, P,A, Martin, E,Bt Olgon, V, Milptic ,an<LM.St

HYDRALAZINE DECREASES APNEA-INDEX IN SPONTANEOUSLY
HYPERTENSIVE RATS. D. W. Carlev. S. Trbovic. D. Monti. M.
Radulovacki*. Departments of Medicine and Pharmacology, University of
Illinois College of Medicine, Chicago, IL 60612
Spontaneous apneic events have been described in normotensive
Sprague-Dawley and Wistar rats, and compared to central apneas in man.
In view of the epidemiological association between apnea and
hypertenison in man, we hypothesized that spontaneously hypertensive
(SHR) Wistar-derived rats would exhibit sleep related apnea which could
be suppressed acutely by anti-hypertensive agents. We administered 2
mg/Kg of hydralazine to 9 adult male SHR rats implanted with EEG and
EMG electrodes for sleep/wake scoring and placed in unrestrained body
plethysmographs for respiratory monitoring. For each rat, sleep and
respiratory activity were polygraphically recorded for 6 hours on 2 different
days. Immediately prior to each recording, saline or drug was given by
intraperitoneal injection. We defined apnea as cessation of respiratory
effort for at least 2.5 seconds and expressed apnea indexes (Al) as
apneas per hour. The effect of hydralazine, documented on a different
day by tail-cuff plethysmography, was significant (p<.0001) and consistent
for 6 hours after injection: baseline = 219.7±4.2, 2Hrs = 157.4±6.0, 4Hrs =
167.0±8.4, 6Hrs = 169.6±7.3 mmHg. During NREM sleep, Al decreased
from 12.9±1.4 for saline injection to 5.1±1.3 following hydralazine (p <
.025). In contrast, during REM sleep, Al did not decrease (p > .97);
14.9±3.0 after saline, 14.0±4.1 after hydralazine. The response to
hydralazine was not affected by the presence or absence of an augmented
breath preceding the apnea (p > .2). We conclude that SHR rats exhibit
frequent apneas during all stages of sleep. Further, we conclude that
acute lowering of mean blood pressure significantly reduces apnea
expression in NREM but not in REM sleep. We speculate that
baroreflexes may play a state-dependent role in apnea genesis in the rat.

Brownfield. University of Wisconsin, Madison, WI, 53706.

In goats, TDR from T2 to T12 increases spinal serotonin (5-HT)
immunoreactivity in rostral thoracic segments (FASEB J 6: 1507,1992). To
determine if changes in other descending modulatory systems occur following
TDR, dopamine (DA), norepinephrine (NE) and 5-HT concentrations were
assessed via HPLC in the cervical and thoracic spinal cords of unoperated
control animals (n=4), following sham surgery (n=3) and 3-12 months
following TDR (n=7). Following barbiturate overdose, spinal cords were
harvested and frozen for HPLC analysis of homogenized samples. Compared
to sham and control goats, TDR increased DA in the cervical (C5-C7, 125%),
rostral thoracic (T2-T7, 190%) and caudal thoracic (Tg-T12, 220%) spinal cord
(all p < 0.0003). Smaller NE elevations were observed in these regions (285o%, p < 0.0006). 5-HT was elevated 34% between T2-T7, but only 16%
between Tg-T12; 5-HT concentrations were elevated 68% in the cervical region
(p < 0.002). The results indicate that TDR increases spinal concentrations of
neurotransmitters associated with descending modulation of spinal sensorymotor integration. Since effects were observed in both the denervated thoracic
region, and in cervical regions associated with the phrenic motor nucleus, it
is possible that changes in monoaminergic brainstem-spinal cord pathways play
a role in the functional deficits and/or recovery of ventilatory control that are
observed in goats following TDR (NIH HL 36780).

741.5

741.6

ROLE OF THE FASTIGIAL NUCLEUS (FN) ON VAGALLY MEDIATED
RESPIRATORY RESPONSES IN CATS F. Xu and D.T. Frazier*.
Dept. of Physiology, Univ. of Kentucky, Lexington, KY
The FN within the cerebellum has been shown to modify the
respiratory responses to hypoxia and hypercapnia (Xu, et
al., FASEB, 1995). The goal of this study was to determine
the involvement of the FN in the respiratory reflexes
evoked by activation of vagal afferents. Experiments were
performed in anesthetized (chioralose), paralyzed, and
artificially ventilated cats with an occipital exposure of
the cerebellum. The phrenic neurogram was used as an index
of respiratory motor output. Administration of capsaicin
(CAP, 5 M9/kg) via the right external jugular vein and Lung
inflation (LI, 10 cmH20) were carried out to stimulate nonmyelinated and myelinated vagal afferents, respectively.
The cardiorespiratory baseline variables and immediate
responses (expiratory and inspiratory duration, T* and Tp
arterial blood pressure, ABP) were compared before and
after bilateral lesions (thermal) of the FN. We observed
that both stimuli led to a remarkable prolongation of TE
(apnea) and reduction of ABP (with little change in TJ.
Bilateral vagotomy abolished all the responses except the
decrease in ABP noted during LI. FN lesions did not alter
baseline variables and the responses to LI, however, did
significantly prolong the response of T. to administration
of CAP. It is concluded that the FN is involved in vagally
mediated respiratory responses elicited by activation of
non-myelinated vagal afferents;. (NIH P01 40369)
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CENTRAL COMMAND INCREASES TOTAL LUNG RESISTANCE IN
DECEREBRATE CATS. A.M. Motekaitis. A.C. Bonham*, and M.P. Kaufman.
Division of Cardiovascular Medicine, University of California, Davis, CA 95616
The neural mechanisms mediating the airway dilation evoked during exercise
are not completely understood. Two mechanisms believed to play important
roles in the cardiovascular and respiratory adjustments are the muscle reflex and
central command. For example, activation of group III and IV endings in the
skeletal muscles reflexly dilates the airways and increases ventilation, heart rate
and arterial pressure. Similarly, stimulation of central locomotor regions (central
command) increases ventilation, heart rate and arterial pressure. Whether
central command plays a role in the control of airway caliber during exercise is
not known. Therefore, we tested the hypothesis that stimulation of the
mesencephalic locomotor region (MLR) in paralyzed, decerebrate cats decreased
total lung resistance (TLR). Electrical stimulation of the MLR increased TLR
(27.3 ±2 to 37.5 ±3 cm H2O/l/s, p<0.05; n -21). Similarly, microinjection of
a GABA antagonist (100-800 nl of 5 ng/nl picrotoxin) into the MLR also
increased TLR (24.1 ±4 to 30.8 ±6 cm H2O/l/s, p<0.05; n-=7). In one site,
picrotoxin decreased TLR. All of the changes evoked by electrical and chemical
stimulation of the MLR were accompanied by an increase in ventral root
discharge and arterial pressure. In 10 cats, the tibial nerve was electrically
stimulated at C-fiber intensity, which decreased TLR (30.4 ±3 to 23.0 ±2 cm
H2O/iss, p<0.05). Our findings provide little evidence for a role of central
command in mediating the airway dilation during exercise. Instead, this dilation
may be mediated by peripheral feedback mechanisms, one of which is the
muscle reflex. Supported by NIH HL40910.

WEDNESDAY PM

RESPIRATORY REGULATION:

741.7

REFLEX MECHANISMS AND PATHWAYS
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REFLEX VOCAL CORDS ACTIVITY ELICITED BY SUPERIOR LARYNGEAL NERVE (SLN)
STIMULATION. J. Garcia Raaos*. A. Hernandez A. C. Eguia Lis, and L.
Hernindez A. Neurophysiological Laboratory. Univ. A. de Querltaro
and E.S. de Nedicina del IPN Mexico D.F. C.P. 11340.
Inhibitory effects upon breathing followin SLN stimulation are
widely known, but excitatory effects upon this, or any other structures, have not been described. In pentobarbital anesthetized cats
and rabbits observations were wade by recording pressure changes in
the separated larynx or the wechanical changes obtained frow a
separated vocal cord, tying a thread at a piece cut frow the anterior
■edial part of the thyroid cartilage and connecting it to a wyograph
(Model FT 0.3 Grass). The findings were: 1. Single shocks to the SLN
0.1 asec (threshold about IV, waxiwal 4-5V) elicited phasic laryngeal
pressure reductions, 20 wsec latencies, or tension increases of the
Vocal cord with siailar characteristics. Sowetiwes the responses
were followed by changes in the opposite direction thatswddenly or
gradually appeared turning a aonophaphasic into a disphasic response.
2. A ttrin, (10-20 Hh) appliee ffr 5-30 see, proodced pooeeniation oo
the responses to single shocks lasting for ■inceds depending on the
duration of the train. Siailar long lasting potentiation occurred
after a long duration pressure pulse to the larynx. It is concluded
that afferents in the SLN have excitatory effects upon the
rodaotondurons of the vocal cords apart froa its inhibitory action
upon brathing.

CENTRAL AFFERENT AND EFFERENT PROJECTIONS OF THE
TRACHEA - A COMPARATIVE STUDY.
M.A. Haxhiu* and A.P.
Loewv. Department of Medicine, Case Western Reserve University,
Cleveland, OH 44106 (USA)* and Department of Anatomy and
Neurobiology, Washington University School of Medicine, St. Louis, MO
63110 (USA).
The central sensory projections arising from the extrathoracic
trachea was determined using cholera toxin ft-subunit as a
transganglionic tracer in dogs, ferrets and rats. In all three species,
tracheal sensory fibers were found to terminate in three subnuclei of
the nucleus tractus solitarius (NTS). The most dense concentration
of afferent terminals was localized in a restricted part of the medial
NTS found at the rostral levels. Less dense projections were identified
in the ventrolateral NTS subnucleus and very light projections were
seen in the commissural NTS subnucleus. No labeling was identified
in the area postrema. In addition, the pattern of retrograde cell body
labeling was studied in all three species. The vagal motor supply to
the trachea arises from two main sites: the rostralmost part of the
dorsal vagal nucleus and the rostral nucleus ambiguus (NA). In the
NA, cell labeling was found in both the compact and ventral (or
external) portions, with a considerable concentration in the latter. In
addition, labeled neurons were consistently seen in the dorsomedial
part of the ventral horn in the C1-C2 spinal cord. The present study
demonstrates that three different types of mammals share a common
pattern of central sensory innervation and motor outflow that is
involved in airway control. Supported by HL-50527.

741.9

741.10

VESTIBULAR EFFECTS ON THE UPPER AIRWAY.
Alan D. Miller* and Marina S, Siniaia. Lab. Neurophysiology,
The Rockefeller University, New York, NY 10021.
Activation of the vestibular nerve produces reflex responses recorded
from respiratory muscle nerves of the thorax and abdomen (Y ates, Jakus,
Miller, Brain Res. 629: 209-217,1993). In order to better understand the
functional significance of vestibulo-respiratory reflexes, we investigated
the extent to which such responses are also present on respiratory muscle
nerves of the upper airway.
Experiments were conducted on adult cats that had a midcollicular
decerebration. The vestibular nerves were electrically stimulated at
intensities less than those required to produce current spread to the
nearest non-target (i.e., facial) nerve. Vestibular-evoked responses were
recorded from the following nerves: ■ recurrent laryngeal, superior
laryngeal, hypoglossal, glossopharyngeal, and pharyngeal branch of the
vagus nerve. The responses could consist of an increase and/or decrease
of nerve discharge. Response latencies (from the 1st stimulus of a 5shock train) were less than 20 ms; response durations were typically
between 12-27 ms. Injections of the neurotoxin kainic acid into the
medial and inferior vestibular nuclei abolished the responses.
Thus, the widespread presence of vestibular-evoked responses on
respiratory muscle nerves of the upper airway, as well as those of the
thorax and abdomen, suggests that one function of vestibulo-respiratory
reflexes is to provide adjustments in breathing and airway patency during
movements and changes in posture. This does not exclude additional
possible roles for vestibular-respiratory reflexes, e.g. in assisting venous
return to the heart to counter orthostatic hypotension or in maintaining
posture. Supported by NIH grants NS20585 and DC02644.

RELATIONSHIP BETWEEN EXPIRATORY RESISTIVE LOAD MAGNITUDE
AND EVOKED POTENTIAL AMPLITUDE IN ADULTS. C. Smith Hammond,*
P.W. Davenport. Dept, of Physiol. Sciences, JHMHC, University of Florida,
Gainesville, Florida, 32610.

741.11

A COMPARISON OF CEPHALIC REFERENCED WITH JOINED EARLOBE
REFERENCED INSPIRATORY OCCLUSION ELICITED RREP RECORDS. K
Gaeta . _C. Smith-Hammond,. .EW^ Davenport* Dept, of Physiol. Sci., JHMHC,
University of Florida, Gainesville, Florida, 32610.

Respiratory related evoked potentials (RREP) elicited by inspiratory occlusion were
initially recorded from C3 and C4 with a cephalic reference. Subsequent respiratory
related evoked potentials have also been reported using either an earlobe or Spinal C7
reference. The differences in the RREP waveforms raise the question whether
changes in reference site alters the characteristics of the signals recorded. This study
compares RREP records referenced to joined earlobe with Cz referenced records.
Children between 7-15 years were the subjects. Electrodes were applied to C3 and C4
and referenced to Cz and joined earlobes. Two trials of 80 inspiratory-interrupted
occluded breaths and 1 control trial of 80 unoccluded breaths were presented.
Averaged control and occlusion records were compared to determine the presence or
absence of the first short-latency positive peak (Pl). When Pl was observed, the
peak latency and amplitude were determined. Analysis of the results showed that
with Cz referencing PI was observed bilaterally. With joined earlobe referencing PI
was also observed bilaterally. The PI amplitude with Cz referencing was greater and
had a longer latency than with joined earlobe referencing. The observed differences
in the RREP PI peak with the different references can be explained in terms of the
increase in noise using a joined earlobe reference. This increases the threshold for
resolution of the PI component from background noise and decreases the amplitude.
We conclude that if the reference site is changed when recording RREPs, then
consideration must be given to the number of sweeps necessary to maintain a
comparable signal to noise ratio between records.
(Supported by NIHNHLBI#HL48792).
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Respiratory related evoked potentials (RREP) recorded from frontal,
temporal, parietal and central sites have been elicited by occlusion of
expiration. The initial positive peak (P3) peak observed in the central
electrodes is believed to represent the sensory cortical response to the
activation of the afferents transducing the expiratory load. An earlier positive
peak PF was observed in frontal sites only. It was hypothesized that the P,
peak amplitude is proportional to the expiratory load magnitude in adults.
Normal adults were studied semi-reclined at rest. They respired through a
mouthpiece and non-rebreathing valve connected to a loading manifold. EEG
activity was recorded from C3, C4, Cz, C3., C4', Cz, P3, P4, Pz, T3, T5i FZi F3
referenced to joined earlobes. The expiratory resistive (R) load magnitudes
were 5.0 and 20.0 cm H20/L1 and complete occlusion. A control trial obtained
by interruption of expiration with the no-load, Rq , port open. The P, and Pf
peaks of the RREP elicited by expiratory occlusion were measured for peak
amplitude and latency. No characteristic peaks were were observed with the
control Rq . The P, peak was found with both R loads and occlusion. The P,
and Pf amplitude increased with increasing R load magnitudes. There were
no significant differences between P, latencies for ail loads. The Pf was found
consistently in the frontal electrodes and there were no significant differences
between P, latencies for all loads. These results support the hypothesis that
graded increases in expiratory load are correlated with increased activation on
sensory cortical neurons. Supported by NIH/NHLBI grant HL 48792.
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742.1

WEDNESDAY PM

742.2

KAINATE GLUTAMATE RECEPTORS IN TANYCYTES AND TYPE II
ASTROCYTES OF THE RAT ARCUATE NUCLEUS. F, Naftolm1, S. Piano1. J .

IMMUNOHISTOCHEMICAL CHARACTERIZATION OF LUTEINIZING
HORMONE RELEASING HORMONE (LHRH)-ASTROGLIA INTERACTIONS:
EFFECTS OF ASTROGLIA-DERIVED AND EXOGENOUSLY-DELIVERED
GROWTH FACTORS (GFs). F. Gallo1*. B. Marchettr1 and A. Beaudet2. ‘Department of
Pharmacology, Medical School, University of Catania, 95125 Catania, Italy and ^Montreal
Neurological Institute, 3801 University, Montreal, Quebec, H3A 2B4
In recent studies we have provided experimental support for the concept that a significant
degree ofcommunication between neurons and their associated glial cells contributes to the
developmental regulation of luteinizing hormone-releasing hormone (LHRH) neuronal
function. To further characterize and quantify the morphogenic impact of LHRH neuronastroglia interactions, we have used the immortalized hypothalamic LHRH GT,., neuronal
cell line and astroglial cells in primary culture. In this experimental design, astroglial cells
at different "ages", ranging from 7 to 16 days for "young" glia and 21 to 40 days for "aged"
glia, and GT,., neurons were grown in the same wells, and the analyses earned out at different
time intervals (2-8 DIV) during LHRH neuron differentiation. In this paradigm, astrocytederived factors (ADFs) induced dramatic effects in the morphology and functional capacity
of the GT. neurons. First there was an acceleration in the acquisition of the mature neuronal
phenotype as evidenced by the extension of multiple lengthy neurites that contact distant
cells, or end in apparent growth cones, as well as the establishment of cell-cell contacts.
Quantification of the morphometric features of the GT,., neurons for process length and
branching revealed a 3- to 4-fold increase in the number of LHRH processes per cell, as well
as a significant increase in the length and branching of individual process, as compared to
neurons grown in the absence of glia. Such effects were accompanied by a sharp stimulation
of LHRH release in the medium at each time-interval studied. Some of these effects were
mimicked by epidermal growth factor (EGF), insulin (In), insulin-like growth factor I (IGF-I)
and basic fibroblast, alone and/or in combination. These results provide a morphological and
functional basis supporting LHRH-astroglia interactions and further underscore the
importance of growth factors not only in regulating axon growth on astroglia in vitro but also
contributing to signal transduction involved in the regulation of LHRH release.

Lerma2*, L.M. Garcia- Segura2. C. Leranth* and T . L. Horvath! Wale University,
Dept, of Ob/Gyn, New Haven CT, 06520, and 2Instituto Cajal, Madrid, 28002, Spam.
It has been suggested that neuro-glial interactions play important roles in the
central regulation of neuroendocrine processes. For example, estrogen-sensitive
tanycytes that ring the third ventricle and extend to the median eminence providing
morphological organization of the area, have been implicated in the regulation of
neurotransmitter and peptide release into the pituitary portal vessel. Furthermore, type
II astrocytes were demonstrated to participate in the estrogen-induced synaptic
remodelling of arcuate neurons. Since glutamate is a dominant neurotransmitter in the
neuroendocrine hypothalamus, we tested the possibility that tanycytes and type II
astrocytes in the arcuate nucleus express receptors for glutamate offering a possible
mechanism for neuro-glial crosstalk. Experimental: Single label
immunocytochemistry for different ionotropic glutamate receptors (GluR 1-7,
NMDAR 1-2) were carried out on sections containing the rat arcuate nucleus. The
avidin-biotin-peroxidase method was used to visualize the immunolabeled profiles.
While all of the antibodies were found to label neurons in the hypothalamus, only
labeling for GluR 5-7 resulted in immunopositivity in glial elements. From the
retrochiasmatic area to the mammillary bodies, heavy peroxidase staining of tanycytes
and astrocytes could be observed in the arcuate and periventricular nuclei and th
emedian eminence. These findings were confirmed by electron microscopy.
Conclusions: The observation of immunoreactive kainate glutamate receptors in
specific hypothalamic glial elements indicates a hitherto unexplored division of
glutamate function in the hypothalamus. This may provide an underlying mechanism
for neuro-glial interactions which are implicated in hypothalamic synaptic plasticity
and regulation of neuroendocrine functions. (Support: NIH Grant HD 13587 to F.N.,
Brown-Coxe Fellowship to T.L.H.)

742.3

742.4

PERSISTENT INDUCTION OF GALANIN GENE EXPRESSION IN
GnRH NEURONS FOLLOWING THE LH SURGE IN RATS. P.D. Finn.*
M.R. King. D.K. Clifton. R. A. Steiner, Ob/Gyn & PBio, University of
Washington, Seattle, WA 98195.
In female rats, galanin is a cotransmitter in GnRH neurons, and its
expression is regulated by sex steroids. During the preovulatory LH surge,
levels of galanin mRNA in GnRH neurons are elevated; however, the full
time-course of the rise and decline of galanin mRNA in GnRH neurons
with respect to the LH surge is unknown. To address this issue, we
measured and compared levels of galanin mRNA in GnRH neurons and
plasma levels of LH during a 30 h period bracketing the LH surge,
beginning 6 h before and continuing for 24 h after a steroidrinduced surge.
Ovariectomized rats were treated with estradiol benzoate on Day 0 at
1030 h and progesterone on Day 2 at 1200 h to induce an LH surge (lights
on at 0700 h and off at 2100 h), and groups (n=4-6/time point) were
sacrificed at 1200,1400,1500,1600,1800, and 2400 h (Day 2) and 0600,
1200, and 1800 h (Day 3). GnRH neurons were identified with a
digoxigenin-labeled GnRH cRNA probe, and galanin mRNA was
simultaneously measured in the GnRH neurons with an 35s-UnP-labeled
cRNA probe and a computerized image analysis system. Results showed
that the LH surge began at 1600 h on Day 2, peaked at 1800 h, and returned
to baseline by 2400 h that day. On Day 2, levels of galanin mRNA levels in
GnRH neurons were low between 1200 and 1600 h(18±2to27±2
grains/cell), increased by two-fold by 1800 h (46 ± 10 grains/cell; p < 0.05
vs. 1600 h), by 4-fold by 2400 h (80 ± 6 grains/cell; p < 0.05 vs. 1600 h),
and remained elevated at all time points on Day 3 (75 ± 5 to 80 ± 7
grains/cell). Conclusion: The induction of galanin mRNA in GnRH
neurons persists for at least 24 h following the transient LH surge,
indicating that galanin may serve a physiological role in events that follow
the surge itself, e.g. behavioral estrus.

742.5

742.6

PHENOTYPIC CHARACTERIZATION OF A POPULATION OF
PREOPTIC AREA NEURONS ACTIVATED DURING AN LH SURGE

W.-W. Le. KA. Berghom. H.-J. Wang and G.E. Hoffman*. Department
of Neurobiology, Univ. Pittsburgh, Pittsburgh, PA, 15261.
The periventricular zone of the preoptic area (pePOA) is an
area which sends a projection to the vicinity of the LHRH neurons. At
the time of an LH surge, pePOA neurons are activated in synchrony
with LHRH neurons. Previous studies from our laboratory identified a
dopaminergic subcomponent of pePOA neurons, but the phenotypes
of the remaining neurons in the area were still unknown. In the
present study, we explored further the phenotypic characterization of
the pePOA neurons using immunocytochemical and in sttu
hybridization procedures. With immunocytochemistry, we observed
that while only a small fraction (less than one third) of the pePOA
neurons expressed tyrosine hydroxylase, more than half of the pePOA
neurons activated on proestrus contained the 1-amino acid
decarboxylase. Additionally, in sttu hybridization (ISH) for galanin
mRNA with biotinylated riboprobes using immunocytochemistry (ICC)
for biotin visualization in free-floating acrolein-paraformaldehyde
fixed brain sections revealed that galanin was found not only within
the LHRH neurons at the time of an LH surge, but also in many
neurons of the pePOA. Double labeling of galanin mRNA combined
with ICC staining of cFos showed that galanin mRNA was detected in
cFos-positive pePOA neurons at the time of an LH surge. These data
suggest that multiple effectors are present in the activated pePOA
neurons and that while galanin within LHRH neurons may provide
one means of affecting LHRH function, activation of afferent galanin
neuron populations may contribute to the LH surge as well.
[Supported by NIH NS 28730)
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GALANIN AND NEUROPEPTIDE Y IMMU NOREACTIVITY IN
HYPOTHALAMIC NUCLEI IN RELATION TO THE ESTROUS CYCLE.
J.T. Alexander*. A. Akabavashi. S.M. Gabriel. L.E. Baskin. C.J. Owen and
S.F. Leibowitz. The Rockefeller University, New York, N.Y., 10021.
The hypothalamic peptides, galanin (GAL) and neuropeptide Y (NPY), are
known to change in relation to circulating gonadal steroids, in an
anatomically- and gender-specific manner, and to control the secretion of
pituitary hormones. This relationship, between gonadal steroids and brain
peptides, was further investigated in relation to the estrous cycle. Female
rats (n=32) were sacrificed at dark onset at different stages of the estrous
cycle, and trunk blood was collected. Peptide levels were measured (via
RIA) in 10 hypothalamic areas: medial (mPVN) and lateral (1PVN) portions
of the paraventricular nucleus, median eminence (ME), medial preoptic
nucleus (MPO), the arcuate. (ARC), dorsomedial, suprachiasmatic, and
supraoptic nuclei, ventromedial and lateral hypothalamic areas. During
proestrous, when luteinizing hormone surges (p<0.01), GAL levels are
found to peak sharply in a site-specific manner. This peak occurs in the
MPO (+36%, p<0.05), 1PVN (+62%, p<0.05) and ME (+42%,
p<0.05), and is followed by a decline to low levels at metestrous. These
shifts in endogenous GAL may be distinguished from those of NPY. This
peptide rises during proestrous, specifically in the ARC (+73%, p<0.05),
mPVN (+36%, p<0.05), and MPO (+58%, p<0.05); during metestrous,
NPY declines to low levels in the ARC and mPVN. Other hypothalamic
areas exhibit no temporal shifts in the peptides. These results provide
indirect support for strong activational effects of gonadal steroids, during
proestrous, on GAL and NPY production in specific brain sites.
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PHARMACOLOGICAL ANALYSIS OF NEUROPEPTIDE Y (NPY) RECEPTORS
MEDIATING NPY FACILITATION OF LH SURGES. S.M. Leupen, C.
Bera. and J.E. Levine*. Dept.of Neurobio. & Physiology,
Northwestern Univ., Evanston, il 60208
We previously showed that NPY facilitates LHRH-induced
LH surges, and that endogenous NPY is critical for normal
elaboration of preovulatory gonadotropin surges. The NPY
receptor subtype mediating this action has not been
identified. Three subtypes have been described, based on
rank order of affinities for NPY receptor agonists: Y1
(PYY>NPY>Yl--a>Y2-a), Y2 (PYY> NPY >Y2-a»Yl-a), and Y3
(NPY> Yl-a.Y^-a^PYY) receptors. These experiments were
designed to
pharmacologically
characterize
anterior
pituitary receptors which mediate NPY's actions on LH
secretion. Adult female rats were prepared for peptide
infusion and blood sampling on proestrus. Animals received
pentobarbital at 1330h to block endogenous LHRH release,
and thereafter received pulsatile infusions of LHRH paired
with
saline
or
one
of
four
NPY
agonists:
NPY,
PYY, (LeuS^ro^NPY (Yl-a), NPY( 13-36) (Y2—a).
Each rat
received
pulse
infusions
containing
either
LHRH
(15ng/pulse) or LHRH (15ng/pulse) & agonist (10 ug/pulse)
at 30min intervals from 1400-1800h. Hourly blood samples
were stored for LH RIA.
As previously shown, NPY
significantly augmented the LH response to LHRH (p<.03).
Both
PYY and Yl-a also significantly potentiated LHRHinduced LH surges, while the Y2-a was without effect. The
rank order of potency was found to be PYY = Yl-a > NPY >»
Y2. These findings implicate a Y1 or Yl-like receptor
subtype in the mediation of NPY's facilitatory effects on
LH secretion.
In current work we are attempting to
determine if this pituitary NPY receptor is identical with
the cloned Y1 receptor expressed in other tissues, or if
it is a variant with Yl-like pharmacology.
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742.7

742.8

EFFECTS OF ESTRADIOL (E2) AND PROGESTERONE (P4) ON
PROOPIOMELANOCORTIN (POMC) AND NEUROPEPTIDE Y (NPY) GENE
EXPRESSION IN THE ARCUATE NUCLEUS: A POSSIBLE ROLE IN THE
ABILITY OF PROGESTERONE TO SEQUENTIALLY ENHANCE AND THEN
INHIBIT THE LH SURGE. P .M. Wise*1, A. Cai2, K. Scarbrough3. ‘Department of
Physiology, University of Kentucky, Lexington, KY 40536 and 2Departoent of
Physiology, University of Maryland School of Medicine, Baltimore, MD 21201 and
’Dpparmient of Neurobiology and Physiology, Northwestern University, Evanston, IL
60208.
POMC and NPY neurons, whose cell bodies are located in the arcuate nucleus, are
thought to play roles in the cyclic release of LH. We tested the hypothesis that
changes in the gene expression of these neuropeptides can explain the ability of P4 to
enhance the LH surge induced by E2 on the day that it is administered and then to
inhibit the surge on the following day. Rats were ovariectomized and 1 week later
were implanted with Silastic capsules containing E2. Two days later (day 2), animals
received an i.p. injection of P4 (1.5 mg/rat) or sesame oil at lOOOh. Using this
protocol, E2 induces an LH surge during the afternoon of day 2 and 3; P4 enhances
the surge on day 2 and suppresses the surge on day 3. E2-treated rats were killed at
0600, 1400, 2300 on day 2, 0600 and 1400h on day 3. E2P4-treated rats were killed
at 1400, 2300 on day 2 and 0600 and 1400h on day 3. The anterior and posterior
arcuate nuclei were dissected, RNA was extracted and POMC and NPY mRNA levels
were quantitated by solution hybridization/ RNase protection using 32P-labelled cRNA
probes. E2 induced a rhythm in POMC gene expression in the anterior arcuate
nucleus: levels reached their nadir at 2300h; P4 prevented this decrease. NPY
mRNA levels in the anterior arcuate nucleus appeared to be lowest at 0600h and to
increase during the day. P4 increased NPY mRNA levels at 0600h on day 3. Thus,
POMC and NPY may play a role in the suppression of LH surges the day after P4 is
administered (Supported by NIH AG02224 to PMW).

CENTRAL VIP-ANTISERUM INJECTIONS ALTER THE TIMING OF AN
ESTROGEN-INDUCED LH SURGE E.M. van der Beek*. J.J.M. Swarts and
V.M. Wieqant Dept Human & Anim Physiol, Agricult Univ, Wageningen &
Rudolf Magnus Inst Neurosci, Utrecht University, Utrecht, The Netherlands
Lesion and tracing studies of the suprachiasmatic nucleus (SCN) have
suggested the exisistence of a vasoactive intestinal polypeptide (VIP)containing pathway between the SCN and the gonadotropin-releasing
hormone system (GnRH). Recently, we provided evidence for the
involvement of this pathway in the activation of the GnRH system during the
LH surge (Van der Beek et al, Endocrinology 1994 134,-2636).
In the present study, we investigated the effect of intracerebroventricular
VIP-antiserum (VIP-Ab) injections on the timing and height of an estrogen (E)induced LH surge in mature ovariectomized (OVX) female rats. Wistar rats
(N = 20) were housed under LD12:12 (lights on from 2:00-14:00) and OVX
on day 0. The LH surge was induced by two consecutive sc E-injections on
day 7 and 8. Animals received two saline or VIP-Ab injections (day 8; 22:00
h, day 9; 8:00 h), and hourly blood samples were collected from 9:00 to
18:00 on day 9 and assayed for LH. Two weeks later, rats were used in a
second experiment and treatments were reversed (VIP-Ab or saline). During
the second experiment, rats were sacrificed between 15:00-16:00 h, and the
activation of the GnRH system was evaluated using c-fos immunocytochemistry. VIP-Ab treatment delayed the onset as well as the peak of the LH
surge for 1 to 2 h, and significantly reduced the height of the surge. The
percentage of c-fos-activated GnRH cells in saline animals (39.9 ± 6.5%) did
not differ from that in VIP-Ab treated females (43.8 ± 8.3%), and was
comparable with that previously found in E + P-treated animals.
These data demonstrate that blockade of central VIP-activity alters the
timing as well as the height of the E-induced LH surge, but does not affect
the activation of the hypothalamic GnRH system.

742.9

742.10

IMMUNOHISTOCHEMICAL LOCALIZATION OF GONADOTROPIN
RELEASING HORMONE, GLUTAMATE AND KAINATE-2 RECEPTOR
PROTEIN IN RAT BRAIN. O. Evigor* and L. Jennes. Dept. Anatomy &
Neurobiology, Univ. Kentucky, Coll. Medicine, Lexington, KY 40536
Glutamate is the most abundant neurotransmitter in the brain and
has been implicated to participate in the regulation of gonadotropin
releasing hormone (GnRH) release. The first aim of the present study
was to determine if glutamate is contained in axon terminals which
could innervate GnRH neurons at their perikarya or at their nerve
terminals in the median eminence. Immunofluorescence double
stainings for GnRH and glutamate show that glutamate is present in
numerous punctae juxtaposed to GnRH perikarya as well as to GnRH
containing axons in the median eminence suggesting that, from an
anatomical point of view, glutaminergic neurons can provide axosomatic and axo-axonal input to GnRH neurons. The effects of
glutamate are mediated through activation of 2 families of receptors,
the ionotropic and the metabotropic receptors. The second aim of the
present study was to determine if GnRH neurons express the kainate
receptor and where in the GnRH neurons the receptor protein is
located. Immunofluorescence double stainings for GnRH and kainate-2
receptors show that some but not all GnRH perikarya in the medial
septum-diagonal band and GnRH-containing axon terminals in the
median eminence contain immunoreactive kainate-2 receptor protein.
Together, the results suggest that glutaminergic axons are in an
appropriate position to provide excitatory input to the GnRH neuronal
system and that some, but probably not all of this input is mediated
by activation of kainate-2 receptor subtypes. Supported by NIH HD
24697 (LJ).

PULSATILE NOREPINEPHRINE (NE) AND LH RELEASE IN
OVARIECTOMIZED (OVX) RATS. S. J. Legan.* Department of
Physiology, University of Kentucky, Lexington, KY 40536.
In OVX monkeys, NE and LHRH pulses in the stalk-median
eminence are coincident (Terasawa et al., 1988), suggesting that NE
neurons projecting to the median eminence control pulsatile LH
secretion and constitute part of the LHRH pulse generator. In rats,
however, the majority of LHRH cells are located in the septum/
diagonal band area (S/DB) of the hypothalamus. Therefore, to examine
the correlation between NE release in the S/DB and LH pulses in OVX
rats, NE release was determined in microdialysates of the S/DB which
were obtained every 5 min (2 /tl/min) for 2 hours beginning at 1000 h
four weeks after ovariectomy. Blood samples (0.1 ml) were also
collected every 5 min from a right atrial cannula. Placement of
microdialysis probes was verified 'histologically. Pulses of LH and NE
were detected using the ULTRA software. Plasma LH concentrations,
determined by radioimmunoassay, averaged 17.62 ± 2.73 ng/ml (X ±
SE, n=6) and were characterized by a frequency of 1.92 ± 0.30
pulses per hour. NE release, determined by HPLC, averaged 34.09 ±
8.18 pg per- frartion ( n=6) and NE pulse ftfiuency was 2 .25 ± 0.37
per hour. Only 22% of the NE pulses, however, occurred within 5
min before, or coincident with, LH pulses. These results indicate that
in OVX rats, each NE pulse does not stimulate a corresponding LH
pulse, thus the noradrenergic neurons that project to LHRH cells in the
S/DB may not be an intrinsic part of the LH pulse generator in the rat.

742.11

742.12

IMMORTALIZED LHRH CELLS (GT1-7) EXPRESS TYPE I
PITUITARY ADENYLYL CYCLASE-ACTIVATING PEPTIDE
(PACAP) RECEPTORS. J. Olcese*a. R, Middendorffb and C.A.
McArdlec. Inst, for Hormone & Fertility Researcha, Inst, of
Anatomy.1, Univ. of Hamburg, 22529 Hamburg, Germany;
Dept, of Medicine0, Univ. of Bristol, Bristol BS2 8HW, U.K.
The regulation of LHRH release involves signal
transduction pathways often linked to the elevation of
cyclic nucleotide production. A potent stimulator of cyclic
AMP accumulation is the peptide PACAP, whose specific
receptor has recently been cloned. The goals of the
present investigation were to determine whether PACAP
can activate cAMP production and/or LHRH release from
GT1-7 cells, and whether these cells express the type I
PACAP receptor. Both PACAP-38 and its truncated form
PACAP-27 were potent in elevating cAMP. Similar
experiments revealed that these peptides elevated LHRH
release 2-3 fold within 10 minutes of treatment, with an
EC50 in the low nM range. Six splice variants of the type I
PACAP receptor have been described - the short form and
five additional forms having 1 to 2 inserts in the third
intracellular loop. RT-PCR using primers encompassing
this region revealed the presence of the short transcript
and a single insert transcript in GT1-7 cells. On the basis
of these results, we propose that PACAP may be important
not only via its actions at the pituitary gonadotrope level
but also via the direct regulation of LHRH secretion.

DO LHRH NEURONS OF MALE SYRIAN HAMSTER EXPRESS GLUTAMATE
RECEPTORS? H.F. Urbanski. V.T. Garvfallou. S.G. Kohama. G. Munro* and
C. Lee. Division nf Neurusciencn.Oregon RegignalPlimate Research Center,
Beaverton, OR 97006.
Although excitatory amino acids (EAAs) can profoundly stimulate the
hypothalamo-pituitary-testicular axis of male Syrian hamsters it is unclear
whether they directly influence the secretory activity of luteinizing hormonereleasing hormone (LHRH) neurons. In the present study adult male hamsters
(Mesocricetus auratus) were either maintained in a reproductively active phase
under long days or were induced to revert to a sexually quiescent condition
by 12 weeks of exposure to short days. Two different double-labeling
histochemical techniques were then performed on 40/o-pereformaldehyde-fixed
coronal brain sections (30 pm) in order to disclose whether the LHRH neurons
of hamsters express glutamate receptors. TCr first technique involved doublelabel fluorescence microscopy; the sections were labeled sequentially with an
FITC-tagged monoclonal LHRH antibody and then with rhodemiRR-teggRd
polyclonal antibodies to either GluR1 or NMDAR1 (i.e. two glutamate receptor
subtypes). Ir the second technique, the sections were sequentially processed
for LHRH immuROcytoeCemisty and then in situ hybridization histochemistry
using RNA probes to either GluR1 or NMDAR1. In total, 829 LHRH neurons
were examined for coloca^^on of either GluR1 protein or mRNA but in no
instance was double-labeling of the LHRH neurons observed, regardless of
the animals p^oper^c history or reproductive status. Similarly, in
preliminary observations there did not appear to be any obvious expression
of NMDAR1 protein nor mRNA in the LHRH neurons. Taken together, these
results do not support the hypothesis that EAA's primary influence on the
reproductive axis of adult hamsters is mediated by a direct stimulatory action
or the LHRH neurons but, rather, suggests that iRtemeurons may be involved.
Grant support: HD-24312, HD-29186, HR-00163 and NSF 93-09368.
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DISTRIBUTION OF FOLLISTATIN mRNA IN THE RAT BRAIN:
IMPLICATIONS FOR A ROLE IN THE REGULATION OF
CENTRAL REPRODUCTIVE FUNCTIONS. L.A. MacConell*. S.
Barth and V- J- Roberts. Dept. Repro. Med., UCSD, La Jolla, CA 92093
Follistatin (FS) is a glycosylated single-chain protein originally isolated
from porcine follicular fluid. FS binds to the inhibin/activin Pa or pB
subunit, therefore allowing activin two binding sites for FS and inhibin
only one (Shimonaka et al. 1991; Endocrinol. 128:3313). This
association is consistent with the apparent specific action of FS on the
regulation of activin-mediated effects. The tissue specific localization of
FS gene expression generally coincides with that of activin subunit
expression (Roberts and Barth 1994; Endocrinol. 134:914). However, in
contrast to the wide distribution of activin subunit proteins and mRNAs in
the brain, weak FS mRNA signal has only been observed in the olfactory
tubercle and layer II of the frontal cortex (Shimasaki et al. 1989; Mol.
Endocrinol. 3:651). We hypothesized that central FS gene expression is
more widely distributed and localized in regions coinciding with
inhibin/activin p subunits and possible activin-mediated effects.
The present investigation utilized in situ hybridization with a 33plabeled RNA probe specific for rat follistatin. Abundant FS mRNA is
expressed in mitral cells of the olfactory bulb and layer II and IV of the
frontal cortex. In addition, FS mRNA signal was observed in
hypothalamic regions where GnRH neurons are localized (nucleus of the
diagonal band), in areas associated with the activin-oxytocin pathway
(solitary tract nucleus, paraventricular nucleus), and in aspects of the brain
with abundant PA immunostaining in cell nuclei (striatum, medial
vestibular nucleus). These results suggest that FS is localized in sites
compatible with a role in the regulation of central reproductive functions.

742.15

WEDNESDAY PM

742.14
AGE RELATED CHANGES IN THE ABILITY OF ESTROGEN TO
INDUCE PROGESTERONE RECEPTOR (PR) mRNA IN FEMALE RATS.

G.M. Heina. A.H.Naeahara*. R.F. Mcgivern'L Y. Li and R.J. Handa.
Dept of Cell Biology Neurobiology and Anatomy Loyola University,.
Chicago, Stritch School of Medicine. Maywood, IL 60153 and +Dept.
of Psychology, San Diego State University, San Diego, CA 92120.
Previous studies have shown that PR mRNA and PR binding increases
following administration of estrogen (E). These increases correlate with the
ability of progesterone to induce female reproductive behaviors. In this
study, we examined age related changes in the ability of estrogen to induce
PR mRNA in the medial preoptic area (MPOA), ventromedial hypothalamus (VMH)
and arcuate nucleus (ARC). PR mRNA was measured by in situ hybridization
with a 35S labelled cRNA probe (rat PR cDNA template kindly provided by Dr.
J. Kato) Female rats of 2-3, 7-8 and 15-17 months of age were ovariectomized
and one week later injected with 17/3 estradiol (0.5ug in sesame oil) or sesame
oil in the A. M. for three ' consecutive days prior to sacrifice. Animals were
sacrificed in the evening following the third injection. Estrogen treatment
significantly (p<0.01) increased PR mRNA when compared to controls in all three
brain regions and at all ages. In the MPOA of 15 month old rats there was a
significant (p<0.05) decrease in the ability of E to induce PR mRNA. In the VMH
of 15 month old rats there was a significant increase in the ability of E to
induce PR mRNA (p<0.01) There was no age related effects in the ARC. However,
cohorts of these animals showed no age related deficits in lordosis quotient in
response to estrogen and progesterone treatment. These data demonstrate that there
are region specific effects of age on the ability of E to induce PR mRNA. The
importance of these changes in the ability of progesterone to reduce female
reproductive behavior remains to be determined. Supported by NSF IBN 94-08890
(RJH) USPHS AA008696 (RJH) and AA06478 (RFM).

published bovine Y3 sequence to amplify a 578 base pair cDNA. Cloning and
sequencing revealed a > 90% homology to the corresponding bovine sequence.
Radiolabeled riboprobes derived from this ovine cDNA were used in a
ribonuclease protection assay (RPA) to detect Y3 mRNA in ovine anterior
and posterior hypothalamic and pituitary RNA extracts. High levels of Y3
mRNA expression were consistently detected in the pituitary extracts; much
lower levels were detected in the posterior hypothalamus (containing the
arcuate nucleus). No expression was detected by RPA in the anterior
hypothalamus (containing the pre-optic area). The RNA extracts were then
subjected to RT-PCR and Southern hybridization. Expression of Y3 mRNA
was detected in all samples, demonstrating that low levels of Y3 mRNA,
undetectable by RPA, exist within the anterior hypothalamus. These data
suggest that the Y3 receptor mRNA is only weakly expressed in the
hypothalamus but strongly expressed in the pituitary. Work is now
underway to determine if gonadotrophs within the pituitaiy express Y3
mRNA.

742.16
ESTRADIOL REGULATION OF NITRIC OXIDE SYNTHASE
mRNAs IN RAT HYPOTHALAMUS. S. Ceccatelli **- , R.
Scott1, L. Grandison1, D.W. Pfaff1, L.-M. Kow1.
’Lab. of Neurobiology and Behavior, The Rockefeller University,
New York, NY 10021 and 2Inst. of Environmental Medicine,
Karolinska Institute, S-171 77 Stockholm, Sweden.
We have used in situ hybridization to investigate estradiol
regulation of the mRNAs of neuronal, endothelial and
macrophage forms of the nitric oxide (NO)-synthesising enzymes
NOS. Our study focused on regions of the hypothalamus which
contain estrogen receptors and are related to specific
neuroendocrine functions. Ovariectomized (OVX) rats were
treated with vehicle or 3 pg/100 g estradiol benzoate (EB) for 7
days. Brains were sectioned and hybridized with 35S-antisense
riboprobes for the mRNAs of the 3 NOS isoforms. Sections
were exposed to X-ray film and/or autoradiographic emulsion.
Only the neuronal NOS mRNA was clearly detectable in the
hypothalamic regions examined with a strong hybridization
signal in supraoptic, paraventricular (PVN) and ventromedial
(VMN) nuclei. Quantitative analysis showed a 3 fold increase in
neuronal NOS mRNA in the VMN of the OVX rats treated with
EB. The increase was restricted to the ventrolateral aspect of the
VMN. No significant changes were observed in the hypothalamic
PVN. These data suggest that the expression of neuronal NOS
mRNA in VMN is regulated by estrogen. Moreover, since VMN
is an integral part of the neural circuitry controlling lordosis, NO
may play a role in female sexual behaviors.

742.17

742.18

HORMONAL REGULATION OF PHOSPHORYLATION OF CREB IN THE
ANTEROVENTRAL PERIVENTRICULAR NUCLEUS (AVPV). G. Gu». A. A.
Roio . M.C. Zee. J. Yu and R B. Simerlv. Division of Neuroscience, Oregon
Regional Primate Research Center, Beaverton, OR 97006.
The AVPV is a nodal point in neural circuits regulating secretion of
gonadotropin and contains sexually dimorphic populations of dopaminergic and
dynorphin containing neurons. Despite clearly documented effects of estrogen
on TH and PDYN gene expression in the AVPV, consensus estrogen response
elements have not been identified in these genes, suggesting that the observed
regulatory patterns are not due to a direct action of the hormone-bound
receptors on transcriptional activation of TH or PDYN. However, both the TH
and PDYN genes contain sequences in their promoters that bind transacting
factors thought to mediate the actions of calcium and cAMP, such as the cAMP
response element binding protein (CREB). The present histochemical study
was undertaken to determine if estrogen alters expression of CREB in the
AVPV, and since the ability of CREB to activate transcription is dependent on
phosphorylation of Ser133, we also evaluated the effects of acute estrogen
treatment on levels of phosphorryat<«J-CREB (PCREB) in AVPV neurons by
using an antibody that differentiates between CREB and PCREB.
Ovariectomized rats were perfused at 5, 15, 30 mins, and 1, or 4 hrs. after
treatment with exogenous estradiol. Although these treatments did not alter
CREB immunostaining in the AVPV, a significant induction in the number of
PCREB-immunoreactive nuclei was observed within 30 min. of treatment and
was maintained for at least 4 hrs. Pretreatment with the estrogen antagonist
nafoxidine blocked this induction. In contrast, acute administration of
progesterone to estrogen primed animals suppressed and then increased
PCREB staining in the AVPV at 30 and 60 minutes, respectively, no significant
differences between experimental and control animals were apparent by 2 hrs.
after progesterone treatment. Double labeling experiments are being used to
determine if PCREB is preferentially regulated in TH or PDYN neurons.

HORMONAL REGULATION OF SUBSTANCE P RECEPTOR (NK-1)
mRNA IN THE ANTEROVENTRAL PERIVENTRICULAR NUCLEUS OF
THE RAT. M.C. Zee. G.B. Gu. J.E. Krause, and R.B. Simerlv*. Division of
Neuroscience, Oregon Regional Primate Research Center, Beaverton, OR
97006 and Department of Anatomy and Neurobiology, Washington
University School of Medicine, St. Louis, MO 63110.
The anteroventral periventricular nucleus (AVPV) of the preoptic region is a
sexually dimorphic cell group that plays a critical role in the control of
gonadotropin secretion. It contains high densities of receptors for sex steroid
hormones and receives strong sexually dimorphic substance P (SP) containing
inputs from the principal bed nucleus of the bed nuclei of the stria terminalis
(BSTp) and posterodorsal part of the medial nucleus of the amygdala (MeApd).
Although both SP, the BSTp and MeApd appear to play stimulatory roles in the
neural control of gonadotropin secretion, cellular levels of SP are not acutely
upregulated in the BSTp or MeApd. The present in situ hybridization study was
undertaken to examine the possible hormonal regulation of neurokinin-1 (or
SP) receptor (NK-1 R) gene expression in the AVPV. Levels of NK-1 R mRNA
fluctuate during the estrous cycle from a minimum during metestrus to
maximum levels during proestrus. The correspondence between this regulatory
pattern and that of circulating estrogen is supported further by the observation
that treatment of ovariectomized rats with estradiol results in a 2 fold increase
in NK-1 R mRNA in the AVPV. Short term (3 hrs.) treatment of estrogen primed
ovariectomized rats with progesterone did not alter levels of NK-1R mRNA in
the AVPV, but after an additional 24 hrs NK-1 R levels fell by approximately
40%. These findings suggest that the impact of SP on AVPV neurons is
greatest on the morning of proestrus, when estradiol levels are greatest.
Elevated levels of progesterone that characterize the afternoon of proestrus,
together with reduced levels of estradiol, lead to diminished expression of NK1R s on the day of estrus, and presumably reduced responsiveness of AVPV
cells to the release of SP from neurons in the BSTp and MeApd.

DEVELOPMENT OF AN OVINE Y3 cDNA AND EXPRESSION OF THE
Y3 RECEPTOR mRNA IN THE OVINE HYPOTHALAMUS AND
PITUITARY. C.J. Dyer', R.M. Matterr and D.H. Keisler'1. 'Department of
Animal Science, University of Missouri, Columbia; 'Animal Physiology
Research Unit, Agricultural Research Unit, USDA, Columbia, Missouri
65211.
Neuropeptide Y (NPY) has been shown to exert effects upon the
hypothalamic-pituitauy-gonadal axis, but the mechanisms through which this
peptide acts remain unclear. We report here the development of an ovine
cDNA to the putative NPY receptor Y3 (also called LCRl). Ovine
hypothalamic r Na was used in RT-PCR with primers derived from the
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EXPRESSION OF NUCLEAR TRANS-ACTING FACTORS IS REGULATED
DIFFERENTIALLY BY OVARIAN STEROIDS IN THE ANTEROVENTRAL
PERIVENTRICULAR NUCLEUS (AVPV) OF THE RAT. J. W. Pendleton*. A.
M. Carr. M.C. Zee, and R B, Simerlv. Division of Neuroscience, Oregon
Regional Primate Research Center, Beaverton, OR 97006.
The AVPV represents an attractive model system for identifying cellular
factors involved in neuroendocrine regulation of hypothalamic neurons because
it plays a critical role in the neural control of gonadotropin secretion and
contains sexually dimorphic populations of neurons that display distinct
patterns of transmitter gene expression. In situ hybridization was used to
examine the expression of mRNAs encoding nuclear trans-acting factors in the
AVPV, including the estrogen (ER) and progesterone (PR) receptors as well
as the protooncogenes cfos, cjun and jun B. Estradiol treatments suppressed
expression of ER mRNA in the AVPV, and increased levels of PR mRNA 5fold.
Acute treatment of estrogen-primed ovariectomized rats with
progesterone (3 hrs.) increased levels of Er mRNA in AVPV neurons, but did
not affect PR mRNA expression, although 27 hrs. after progesterone treatment
PR mRNA appears to decline in the AVPV. ER gene expression fluctuated
during the estrous cycle with minimal levels observed on the afternoon of
proestrus, and the highest levels during metestrus. In contrast, PR mRNA
levels were highest during diestrus and lowest on the morning of proestrus
suggesting that PR expression in the AVPV is regulated in a complex manner
that does not correspond to circulating ovarian steroid hormones. The
expression of cfos mRNA in the AVPV also fluctuates over the estrous cycle
with maximal levels occurring on the morning of proestrus and with significantly
lower levels on the day of metestrus. Preliminary work indicates that acute
administration of estradiol may induce c-fos mRNA in the AVPV. In addition,
the protooncogene cjun is expressed in the AVPV, but displays no apparent
regulation during the estrous cycle, and jun B is undetectable in the AVPV at
any point during the cycle.
HYPOTHALAMIC PITUITARY-GONDAL REGULATION V

743.1

743.2

RU486ADMINISTRATION ATTENUATES LH SURGES IN THE ABSENCE
OF ENDOGENOUS PROGESTERONE. P.E. Chappell. T. Porkka-Heiskanen’
and J.E. Levine. Dept. of Neurobiology & Physiology, Northwestern University,
Evanston, IL 60208.
Progesterone (P) amplifies and advances LH surges in estrogen-primed rats,
and
pharmacological blockade of P receptors (PRs) greatly attenuates
spontaneous preovulatory LH surges in proestrous rats. Measurements of P
during the afternoon of proestrus, however, have revealed that little secretion of
the steroid occurs prior to the onset of the LH surges. It has therefore been
proposed that ligand-independent activation of PRs, which has been demonstrated
in vitro (Turgeon & Waring, 1994) may instead function as a component of the
surge-generating process. To test this hypothesis in vivo, adult female rats were
ovariectomized (OVX) on diestrus 2 and administered an s.c. injection of
estradiol benzoate (EB; 30ug) sufficient to stimulate LH surges on the following
day of presumptive proestrus. Additional animals were adrenalectomized (ADX)
at the time of OVX, ruling out actions of adrenal P. On presumptive proestrus,
rats received either RU486 (6mg/kg s.c.) or oil at 1230h and were killed at 1730h.
RIA of LH in trunk blood revealed that EB stimulated LH surges in OVX and
OVX & ADX rats which subsequently received oil. Administration of RU486,
however, significantly attenuated LH levels in both groups by 50%. Since

estradiol
increases
fos expression
in a subset
of
estrogen
receptor
-containing
neurons
in the preoptic
area . B.A, Adrian*, HTJansen#, MN- UhmOLand ILL Goodman- Dept.

endogenous P was eliminated in these animals, our data suggest that RU486
blocks ligand-independent activation of PRs which may normally occur as an
important component of the LH surge-generating process. The role of ligandindependent activation of PRs in the generation of LH surges remains to be
confirmed by further pharmacological analysis. In current work we are also
attempting to characterize the anatomical distribution of hypothalamic and/or

Physiology, West Virginia Univ., Morgantown, WV 26506 and #Dept. Cell
Biology, Neurobiology and Anatomy, Univ. Cincinnati, Cincinnati, OH 45267.
In the ewe, estradiol (E) inhibits luteinizing hormone (LH) pulse frequency during
anestrus but not the breeding season. Previous studies have demonstrated a role for
dopaminergic cell groups in this effect of E. However, since neither these
dopamine cell groups, nor gonadotropin-releasing hormone neurons possess
estrogen receptors (ER), another neural system must mediate E action. As a first
step to identify this system, we examined the effect of E treatment on the
expression of the immediate early gene product, Fos (a marker of neuronal
activation), in cells that also contain ER. Ovariectomized ewes were implanted
with either a blank (n=3), or E filled (n=3), 0.5 cm Silastic capsule during anestrus
to suppress pulse frequency without inducing an LH surge. Seven days later
animals were bled for 6 hours at 12 min. intervals and then sacrificed. After
fixation, brains were removed, sectioned and stained for ER and Fos using a dual
immunofluorescence procedure. E treatment inhibited LH pulses and significantly
increased the percentage of ER-containing neurons expressing Fos (2.07% vs
16.75%) in the rostral preoptic area (POA), but not in other regions of the POA. E
had no effect on colocalization of Fos and ER in any other hypothalamic area
(AHA, MBH, ARC). E also did not alter the number of neurons containing ER in
any area examined. These data suggest that a subset of ER-containing neurons in
the POA are involved in the inhibition of LH pulse frequency by E during anestrus.
(Supported by NIH HD 17864 and HD21968)

pituitary PRs which may be activated towards this end. (Supported by NIH R01HD20677, P30-HD28048, P01-HD21921).

743.3

743.4

SEX DIFFERENCES IN SERUM LUTEINIZING HORMONE (LH)
RESPONSE TO GONADECTOMY ARE NOT EXPLAINED BY CHANGES IN
mRNA FOR GONADOTROPIN RELEASING HORMONE (GnRH) OR THE
SECRETAGOGUE INDUCED RELEASE OF GnRH A.A. Elskus. S.C.H. Hood.
and N.B. Schwartz*. Dept, of Neurobiology and Physiology, Northwestern
University, Evanston IL 60208
A continuing puzzle in reproductive endocrinology is the striking sex
difference in serum LH response to gonadectomy (gnx); male levels rise within
hours, while levels in females do not rise significantly for several days. We
have ruled out sex differences at the pituitary level. We measured GnRH
transcription and release as a possible source for this sex difference. In situ
hybridization was performed using brains from intact, 12, and 24 h post-gnx
male and female rats. Serum LH in the males was significantly elevated by
12 h; levels in females had not changed by 24 h. The average number of GnRH
mRNA expressing cells, as well as the intensity, rose by 12 h post-gnx in both
males and females and remained elevated or began to decline by 24 h. These
data demonstrate that the difference in initial rate of serum LH rise in gnx
males (rapid) versus females (slow) is not reflected in differences in the early
timing of GnRH mRNA synthesis. GnRH release was measured in vitro from
perifused median eminences of intact and 24 h post-gnx male and female rats.
Tissue was stimulated with NMA, and the resulting GnRH release was
measured by RIA. No significant differences were found in GnRH release
between groups. This does not rule out sex differences in hypothalamic
innervation or other regulatory factors such as NPY, not present when the
tissue is isolated in vitro. Together these data suggest that an upstream sex
difference, yielding differences in pulse frequency or amplitude of GnRH
release, is likely responsible for sex differences in LH release following gnx.
Supported by NRSA 1-F32-HD07657 (to AAE), POl HD-21921 and P30
HD28048.
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A, Lerant. M.E. Herman & M.E, Freeman* Department of Biological Science ,
Florida State University, Tallahassee, FL 32306
The role of tuberoinfundibular dopaminergic (TIDA) neurons originating from
the caudal arcuate nucleus (ARN) in modulating prolactin (PRL) secretion is well
established. However, the significance of tuberohypophyseal DAergic (THDA)
neurons and periventricular hypophyseal DAergic (PHDA) neurons from rostral
ARN and periventricular nucleus (PeVN) terminating in the neurointermediate
lobe of the pituitary gland is less understood. The aim of this study was to assess
the role of THDA and PHDA neurons in PRL secretion by measuring DA
concentration and characterizing neuronal activity in ARN and PeVN during the
diurnal (D) and nocturnal (N) PRL surges of pseudopregnant rats. On the fifth day
of pseudopregnancy brains were harvested after decapitation or fixation at 11.00,
13.00, 15.00, 18.00, 21.00 (D surge) and 24.00, 03.00, 06.00, 09.00 (N surge).
PeVN's and ARN's of fresh frozen brains were micropunched and DA
concentration was mearured by HPLC. The DAergic neuronal activity was
assessed by quantitating double label immunocytochemistry for Fos and tyrosine
hydroxylase on the fixed brains. Results indicate a decrease in DA concentration
accompained by a decrease in neuronal activity' of both PeVN and rostral ARN
coinciding with the initiation of PRL surges. Middle portions of ARN
demonstrated an increase in DA concentration which peaked during the descending
phase of PRL secretion. Caudal ARN had a decrease in both DA concentration and
neuronal activity during the D PRL peak. These data suggest that changes in DA
content of cell populations in PeVN and ARN can be attributed to PHDA, THDA
and TIDA neuronal activity. Taken together PHDA, THDA and TIDA neurons
appear to have differential roles in modulating the dynamics of PRL secretion.
Supported by NIH: DK 43200 and HD 11669.
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743.5
EFFECTS OF CENTRALLY ADMINISTERED PROLACTIN ON LHRH CONTENT AND
PITUITARY RESPONSE TO LHRH IN DOVES. J.D. Buntin.* J.P. Advis. M.A. Ottinoer.
R.W. Lea, and P.J. Sharp. Dept. Biol. Sci., U. Wisconsin-Milwaukee, Milwaukee, Wl
53201; Dept. Animal Sci., Rutgers U., New Brunswick NJ 08903; Dept. Poultry Sci., U.
Maryland, College Park MD 20742; Dept. Applied Biol., U. Central Lancashire, Preston
PR1 2HE, U.K.; Div. Develop. & Reprod., Roslin Institute, Midlothian EH259PS, U.K.
Intracerebroventricular (ICV) injections of prolactin (PRL) exert potent antgonadal and
antigonadotropic effects in ring doves (Streptopelia risoria) at doses that are insufficient
to stimulate prolactin-dependent crop growth. To explore the physiological basis of these
effects, we tested the ability of ICV-injected PRL to influence pituitary responsiveness to
luteinizing hormone releasing hormone (LHRH) and to alter LHRH content in the
preoptic area (POA) and median eminence (ME). LHRH-induced changes in plasma LH
were monitored in photostmulated male doves pretreated for 5 days with ovine PRL (1p.
g/day, ICV) or saline vehicle (2pl). Although PRL reduced basal plasma LH levels and
testes weight, it did not attenuate the plasma LH response to an effective LHRH
challenge (0.5pg chicken LHRH/kg, intravenous injection). This suggests that ICVinjected PRL does not suppress LH by reducing pituitary responsiveness to LHRH. In
separate studies, changes in LHRH content in the POA and ME were measured by RIA
in male doves given 5 days of ICV PRL (1 pgday) or vehicle (2pl) pretreatment and in
female doves tested at 1, 6, 12 and 24 h after a single ICV injection of PRL (2pg) or
vehicle (2pl). Although reductions in plasma LH were observed following ICV PRL in
both studies, no effects of PRL on LHRH content were apparent. Competitive enzyme
immunoassay for LHRH also failed to detect differences in median eminence l Hr H
content between PRL- and vehicle-pretreated male doves. These results suggest that
ICV PRL may suppress the gonadal axis by influencing LHRH synthesis, degradation,
and/or release; however, integrated measures such as LHRH content do not reflect the
specific changes involved. (Supported by NIMH MH 41447)

WEDNESDAY PM

743.6
EFFECTS OF BICUCULLINE ON THE LH RELEASE IN THE
PERIPUBERTAL MALE RAT. Dai Mitsushima* and Fukuko Kimura
Deptartment of Physiology, Yokohama City University School of Medicine,
Yokohama 236, Japan.
In order to examine a role of y -aminobutylic acid (GABA) in the control
of onset of puberty in rats, a GABAa receptor antagonist, bicuculline
methiodide, was infused intravenously in prepubertal (16-17 days of age),
midpubertal (30-31 days of age) and adult (over 45 days of age) male rats for
30 min. Sequential blood samples (110 p\) were obtained every 15 to 30 min
from unanethetized freely moving rats through intraartrial cannula and serum
LH concentrations were determined by RIA. Although neither bicuculline nor
saline infusion significantly altered LH release in prepubertal stage, in
midpubertal stage, 6 of 8 rats were increased in LH release by 20 mg/kg of
bicuculline and 5 of 6 rats by 40 mg/kg of bicuculline. The significant
responses continued for15 min at 20 mg/kg and 30 min at 40 mg/kg doses.
In adult stage, infusion of both doses of bicuculline induced a prompt
increase in LH release in all rats. The significant responses continued for 30
min in 20 mg/kg and 45 min in 40 mg/kg. In addition, direct bicuculline
injection into the 3rd ventricle (60 ng/pl) also induced a prompt LH release in
adult male rats (p<0.01). In order to examine whether some testicular factors
change the GABAa receptor mediated inhibition, similar experiments were
performed in orchidectomized adult rats. Neither 20 mg/kg of bicuculline nor
saline infusion induced significant changes in LH release, but 40 mg/kg of
bicuculline significantly inhibited the release of LH. It is concluded that, in the
male rat, the maturation of the GABA neuronal system to inhibit the release of
LH occurs sometime after the onset of puberty and GABA neurons may
partly mediate the testicular effect on the control of LH release.

743.7

743.8

ANALYSIS OF THE STIMULATING EFFECT OF BICUCULLINE
INFUSION ON LH SECRETION IN PROESTROUS RATS. F. Kimura*

SURGE GENERATING AND PULSE GENERATING GnRH
NEURONS IN RATS.
T.FUNABASHI*, K.JINNAI and
F.KIMURA. Department of Physiology, Yokohama City Univ. Sch. of
Med., Yokohama 236, Japan
In the present study, we examined whether gonadotropin-releasing
hormone (GnRH) neurons that expressed Fos in response to the
stimulation to the GnRH surge generator were different from those in
response to the stimulation to the GnRH pulse generator by double
labeling immunocytochemistry (Fos; PC05, Oncogene, GnRH; LRH13
Dr. Wakabayashi).
Rats which had exhibited regular 4-days estrous cycle were used. On
the morning of proestrus (08:00-09:00), each rat received an implantation
of intraatrial cannula. Naloxone (5 mg/h, iv., 10:(0D-11:30) or bicuculline
(50 mg/kg/h, iv, 10:00-13:00) was infused with a microinfusion pump
through the cannula. Control rats received saline infusion. Then, rats
were killed by injection with an overdose of pentobarbital sodium (PB,
80mg/kg, iv) at 11:30-12:00 for naloxone treatment and 14:00-14:30 for
bicuculline treatment. Some of naloxone-treated rats were pre-treated
with PB (32mg/kg, ip).
We found that naloxone treatment, which has been shown to activate
GnRH pulse generator, induced Fos within GnRH neurons mainly in the
caudal part of the forebrain regardless of PB pre-treatment. On the other
hand, bicuculline treatment, which has been shown to advance LH surge,
induced Fos within GnRH neurons mainly in the rostral part of the
forebrain.
We conclude that GnRH neurons involved in the surge generator are
different from those involved in the pulse generator.

743.9

743.10

INTERACTIVE EFFECTS OF SOCIAL CUES AND STEROIDS ON
GONADOTROPIN-RELEASING HORMONE
IMMUNOREACTIVE CELL
NUMBERS. E.F. Rissman* and W.J. Cholbi. Department of Biology, University of
Virginia, Charlottesville, VA 22903
Interactions with males have rapid and pronounced effects on the numbers of
immunoreactive gonadotropin-releasing hormone (GnRH-ir) neurons in female musk
shrews. Previously we have reported that contact with a male rapidly (within 15
minutes) increases GnRH-ir cell numbers. Mating and subsequent ovulation have
delayed effects on the numbers of GnRH-ir cells (15-40 hours later). Around the time
of ovulation, estradiol levels are negatively correlated with GnRH-ir cell numbers.
In the present study we examined the hypothesis that ovarian steroids are required
to facilitate changes in GnRH-ir cell numbers induced by contact with a male.
Females were either ovary-intact or ovariectomized (OVX). One week later, half of
the females in each group (n=6-7 per group) resided across a screen barrier from a
male for 2 days. Animals were sacrificed, perfused with modified Zamboni's fixative,
and tissue sectioned to 30 microns. Every fourth section from each brain was
processed for ICC, using a monoclonal antibody (SMI-41) specific for the mature
form of GnRH peptide. All GnRH-ir cells were counted from the olfactory bulb
through the hypothalamus. A significant interaction between the presence or absence
of a male and gonadal state on GnRH-ir cell number was noted in the olfactory bulb,
total olfactory related brain areas, and the entire forebrain. Ovary-intact animals that
resided for 2 days in contact with a male had significantly more GnRH-ir cells in
the forebrain as compared with OVX animals in the same housing condition
(P<0.05). OVX caused a significant decrease in GnRH-ir cells in the areas mentioned
above, and in the tenia tecta. (P<0.04 at least). The presence of a male decreased the
numbers of GnRH-ir cells in the hippocampus and cortex (P<0.02). These data show
that steroid hormones facilitate the effect of social cues on the amount of GnRH
peptide present in cell bodies. This work is supported by NSF grant IBN 94-12605.

INFLUENCE OF CONSPECIFIC MALES ON THE GnRH NEURONAL SYSTEM
IN NORMAL AND HYPOGONADAL FEMALE MICE WITH PREOPTIC AREA
GRAFTS (HPG/POA): AN IMMUNOCYTOCHEMICAL STUDY. G.V. Raiendren*
and M.J.Gibson, Dept. Medicine, Mount Sinai Sch. Medicine, New York, NY 10029
Immunocytochemical detection of Fos protein in GnRH neurons of normal and
HPG/POA female mice was employed to assess GnRH neuronal activation following
exposure to conspecific male stimuli. Normal ovariectomized (OVX) mice were
primed with estrogen (E) 48 h prior to testing, and subjected to either 2 h mating or
2 h exposure to male-soiled bedding or clean bedding, with or without progesterone
(P) 4-5 h before testing. Robust induction of Fos immunoreactivity was observed in
the GnRH neurons following mating in E+P-primed mice; several GnRH neurons in
the E-primed females exposed to male-soiled bedding were also Fos+. None of the
other treatment groups exhibited Fos immunoreactivity in their GnRH neurons.
Plasma LH levels were also elevated in the E+P-primed females subjected to mating
and in the E-primed females exposed to male-soiled bedding.
In continuing analyses of Fos immunoreactivity in GnRH cells within grafts in
HPG/POA mice, we included several mice which failed to exhibit ovarian development after receiving grafts. Since normal OVX E+P-primed females consistently
exhibited Fos immunoreactivity in their GnRH neurons, the HPG/POA females were
OVX, primed with E+P and subjected to 2 h mating. In one HPG/POA, whose graft
was in the lateral ventricle, there was no Fos immunoreactivity in GnRH neurons. In
contrast, many GnRH neurons were Fos+ in the graft of another undeveloped
HPG/POA after mating. Most of the graft tissue was located above the anterior
commissure with a portion of it extending into the third ventricle. Neither of these
females had GnRH innervation of the median eminence or elevated LH release. Thus
even when POA grafts are not successful in stimulating ovarian development in HPG
females, appropriate neuronal connections for activation of mating-induced Fos
expression may be present. The identity of such afferents is under study. HD 19077

and K. Jinnai.
Department of Physiology, Yokohama City University
School of Medicine, Yokohama 236, Japan.
We have shown that an iv infusion of GABAa receptor antagonist
bicuculline (BIC) in the morning produced a premature LH surge in the
proestrous rat [Kimura and Jinnai, Horm Behav, 28, 424, 1994]. Present
study was performed to further analyze this BIC effect. Female rats of
Wistar-Imamichi strain received two intraatrial cannula implantations, one
for blood sampling and the other for infusion. BIC ((-)bicuculline
methiodide) dissolved in saline was infused iv at a dose of 50 mg/kg/h for 3
h with a peristaltic pump. Pentobarbital sodium (PB) was injected ip at a
dose of 32 mg/kg. Serum concentrations of LH were measured by RIA.
The result was as follows. 1. On the day of proestrus, BIC infusion between
900-1200 h did not advance the LH surge of LH, but if the infusion was
extended to 1300 h, LH surge began at 1200 h. When BIC infusion was
started at 1000 h, LH surge began at 1200 h, but If the infusion was started
at 1100 h, LH surge began at 1300 h. 2. On the days other than proestrus,
BIC infusion between 1000-1300 h did not induce LH secretion at all. 3.
PB injection at 1145 h during BIC infusion between 1000-1300 h prevented
LH surge which otherwise should have begun at 1200 h. Further, BIC (70
mg/kg/h) infusion between 1400-1700 h, after PB injection at 1400 h,
produced LH secretion which began at 1600 h.
The results indicate that, 1) GABAa receptor system inhibiting the LH
surge begins to be relieved from the tension around 1200 h on the day of
proestrus but not on the other days, and 2) bicuculline methiodide iv
injected acts at the site of barbiturates action to block the surge of LH
secretion. Since GABAa receptors have both the GABA- and barbituratebinding site, it is concluded that GABAa receptor system is the major
neural substrate involved in the regulation of Lh Rh surge.
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743.11

743.12

EFFECTS OF HEMIOVARIECTOMY (Hovx) ON OVULATION AND
MONOAMINE CONCENTRATION IN THE PREOPTIC-ANTERIOR
HYPOTHALAMIC AREA (POA-AHA).
A. Dominguez-Gonzalez*, M.E. Cruz andN. Cruz. U.I.B.R, Facultad de
Estudios Superiores Zaragoza, U.N.A.M., Mexico.
There is evidence that the mechanisms regulating compensatory ovulation
and ovarian hypertrophy present asymmetry and lateralization. Also, that
Hovx modifies the contents of monoamines in POA-AHA. Then, the effects
of left or right hemiovariectomy (Hovx-L; Hovx-R), performed at 12.0014.00 h of each day of the estrous cycle on ovulation rate and monoamine
concentration on POA-AHA was evaluated. The concentration of
norepinephrine and dopamine were not modified by Hovx.
When Hovx was performed on diestrus 2, the ovulation rate was reduced
significantly (Hovx-L: 2/6; Hovx-R: 1/6 vs. control 8/9, p<0.05). The
concentration of serotonin in those animal with that did not ovulate,
presented a different pattern: when the right ovary was extirpated (Hovx-R)

PLASMA PROGESTERONE LEVELS IN PREPUBERTAL RATS WITH
GONADOTROPIN STIMULATION AND CATECHOLAMINERGIC
BLOCKADE. J. Villavicencio*. E. Mendez , G. Lopez, R. Ch&vez and V.
Diaz. UIBR-FES Zaragoza, UNAM., INNS-Zubiran and UAM-Lztapalapa,
Mexico, AP 9-020, CP 15 000.
Gonadotropin administration in prepubertal rats induce a increase in follicular
growth and steroid secretion mediated by a interelatioship between ovaryhypothalamus-hypophysis axis and diverse systems of neuromodulators. In this
work we investigate the participation of catecholaminergic system on .
progesterone levels and preovulatory follicular growth in 27 days old rats
treated with : a) PMSG (8 iu) , b) PMSG, 48 h after Reserpine (RSP:2.5 mg/kg
bw), c) PMSG+RSP, 6 h after hCG (10 iu). Animals were sacrifted 54 or 72 h
after PMSG. Results are presented in the next table:

the concentration of serotonin was significantly increased (1.524 ±0.17
ng/mg wet tissue vs. 0.638 ± 0.08, p< 0.001), meanwhile when the left
ovary was excised, the serotonine concentration in POA-AHA was similar
to control group (0.878 ± 0.26 vs, 0.638 ± 0.08). Present results suggest
that the lateralized differences observed on the effects of Hovx on ovulation
could be related to changes on the serotoninergic levels in POA-AHA.

Supported by DGAPA Grant IN210893, CONACyT IN 1719 and PUIS

Ovulation
Group
Ova shed
54 h
rate
0/5
0+0
PMSG
0/5
0+0
PMSG+RSP
72h
9/9
16 + 2
PMSG
0/5 a
PMSG+RSP
0+0 a
a, p < 0.05 vs group PMSG same hour

Progesterone
(ng/ml)
19 + 2
5 + 0.3 a

Preovulatory
follicles
12 + 1
6+3

17 + 2
10 + 1a

8+2 a

1+0.3

All animals treated with hCG ovulated ( PMSG+hCG: 6/6, ova shed 28 ± 2;
PMSG+RSP+hCG: 6/6, ova shed 17 ± 1). Our results suggest a stimulatory
participation of central catecholaminergic system on neuroendocrine regulation
of gonadotropin secretion.
Supported by DGAPA, PUIS and CONACyT

743.13

743.14

BILATERAL ENUCLEATION AT BIRTH DIMINISHES SIMULATED
MIDCYCLE GONADOTROPIN SURGES IN ADULT FEMALE RATS. T. L.
Horvath* and F. Naftolin. Yale University, Dept, of Ob/Gyn, New Haven CT, 06520
In rats the secretion of gonadotrophins is dependent on an intact suprachiasmatic
nucleus. Since (1) the circadian secretion of gonadotropins is sexually dimorphic, (2)
estrogen is the developmental hormone that regulates the sexual phenotype of the
brain nuclei thus far studied and (3) we have demonstrated immunoreactive estrogen
synthetase to be present in axons in the optic tract and in central targets of visual
afferents including the suprachiasmatic nucleus, we proposed that retinal projections
may participate in the development of gonadotrophin control.
Experimental: Newborn female rats were enucleated at birth (n=5), left intact
(n=6) or sham operated (n=4). Intact males (n=5) were controls. Three month later all
animals were castrated. After 3 weeks a simulated midcycle surge was induced by two
daily subcutaneous estradiol injections (10 pg/kg) plus 500 pg progesterone s.c. 24 h
later. Results: The development of enucleated pups did not differ from controls:
vaginal opening occurred between P35-40, followed by 4 day vaginal cycles. Three
weeks after castration, LH levels by RIA were elevated in all animals (Z 16 ng/ml).
Blood taken just prior to progesterone showed suppressed LH levels in all cases (L 3
ng/ml). Six hours after progesterone, control females’ LH was markedly elevated (Z 15
ng/ml) while enucleated females and control males had no rise (Z 3 ng/ml). Similar
results were obtained when the experiment was repeated in 8 months. Conclusions:
Despite apparently not impairing the development of ovarian cycles in female rats,
neonatal enucleation blocked the induced gonadotrophin singe. In addition to
supporting our hypothesis of a developmental role of the visual tract via estrogen

EFFECTS OF GRANULOCYTE-MACROPHAGE COLONY
STIMULATING FACTOR (GM-CSF) ON LHRH AND
GONADOTROPIN RELEASE IN VITRO. M. Kimura*. W. H.
Yu and S. M. McCann. Dept, of Medicine, Univ. of Texas
Southwestern Med. Ctr. at Dallas, Dallas TX 75235-8873.
Granulocyte-macrophage colony stimulating factor (GM-CSF), a
haemapoietic cytokine, is currently reported to play a unique role in
gestation. Especially during preimplantation, GM-CSF produced by
stimulation or estrogen acts on embryos and results in the success of
reproduction. However, no study has been done regarding direct effects
of GM-CSF on gonadotropic hormones. Thus, the present study
examined in vitro whether GM-CSF was implicated in gonadotropin
regulation. Hemipituitaries and medial basal hypothalami were dissected
from male rat brains and incubated for 2 h and 0.5 h, respectively, in
Krebs-Ringer bicarbonate glucose media in a Dubnof metabolic shaker
with an atmosphere of 95 % O2/5 % CO2. The actions of recombinant
murine GM-CSF on pituitary gonadotropins, luteinizing hormone (LH)
and follicle-stimulating hormone (FSH), and luteinizing-hormone
releasing hormone (LHRH), were tested in vitro, and dose responses of
LH and FSH (GM-CSF, 10-18 to lO'8 M) and LHRH (GM-CSF, 10-*3
to 10‘8 M) release were analyzed statistically. At a dose of 10'16 M,
GM-CSF increased the release of LH (p < 0.05) but did not affect FSH
release at any doses tested. In contrast, LHRH release was inhibited
significantly at doses of 10-11-10-12 M, which was evident in a U-shaped
dose-dependent manner. The inhibitory effects of GM-CSF (10-H M)
on LHRH were reversed by co-incubation with artiGM-CSF (1 pg/ml).
The results indicate that GM-CSF acts centrally to inhibit LH release but
directly on the pituitary to stimulate LH release. (Supported by MH51853)

formation, these studies indicate that this process may be underway prior to birth.
(Support. NIH Grant HD13587 to F.N., Brown-Coxe Fellowship to T.L.H)

743.15

743.16

ESTRADIOL-17B ACUTELY INCREASES POMC mRNA
LEVELS AND B-ENDORPHIN SECRETION FROM THE
RAT HYPOTHALAMUS. A. Dev. N. Bovadiieva.
S.A. Frautschv. J.P. Advis*. J.L. Roberts and D.K. Sarkar
Dept, of Veterinary and Comparative Anatomy, Pharmacology and
Physiology, Washington State University, Pullman, WA 991646520; Dept, of Animal Sciences, Rutgers University, New
Brunswick, NJ 08903; Mt. Sinai Medical Center, New York,
NY 10029-6574.
The role of estrogen in the regulation of hypothalamic B-endorphin
neuronal activity was determined in vitro and in vivo. Using
primary cultures of cells from fetal mediobasal hypothalami, we
determined the effect of estrogen (estradiol-178) on B-EP precursor
POMC mRNA levels and on the B-EP secretion in vitro. Estradiol176 dose-dependently increased the levels of B-EP from the cultured
neurons between 3-24 h. However, these cultured neurons
developed desensitization to the stimulatory effect of estrogen at
48 h. The steroid also increased cellular levels of POMC mRNA at
24 h. In vivo, 24 h following s.c. injection of 10 jdg estradiol
benzoate, ovariectomized rats showed a significant increase in B-EP
concentrations in pituitary portal blood when compared with those in
oil-treated controls. These data suggest that, in addition to known
inhibitory effect of estradiol, the steroid may also stimulate B-EP
synthesis and secretion. Supported by National Institutes of Health
Grants AA08757 and HD20498.

EVIDENCE THAT PROGESTERONE INCREASES THE
NUMBER OF DELTA OPIOID RECEPTORS IN THE PREOPTIC HYPOTHALAMUS OF THE EWE DURING THE
LUTEAL PHASE OF THE ESTROUS CYCLE. 1.3 Clark# B.
Thom and B. Canny. Prince Henry's Institute, P.O. Box 5152,
Clayton, Australia 3168.
The extent to which endogenous opioid peptides negatively
regulate GnRH secretion may vary with physiological status. We
have measured the number and affinity of p, S and k subtypes of
the opioid receptor in the preoptic area (POA) of the
hypothalamus of groups (n=4) of ovariectomised (OVX) ewes that
were either untreated or given estrogen (E), progesterone (P), or
E & P for 10 days. We also studied ewes (6- 8/group) at various
stages of the estrous cycle. POA membranes were used for
Scatchard analysis for the 3 subtypes of opiate receptor (Shen et
al., 1995, J. Endo. In Press).
In OVX ewes, P increased mean (±SE) 5 opioid receptor
number (172±44 vs 39±9 fmol/mg protein in Controls) with no
change in affinity. P and E had no effect on other receptor
subtypes. In cycling ewes there were more 8 receptors in the
luteal phase of the cycle(133±71finol/mg protein) than in the
early- (64±12 fmol/mg), mid- (68±29 finol/mg) or late- (35±16
fmol/mg) follicular phase.The number and affinity of the p and k
receptors was similar across the cycle.
The data suggest that the 8 sub-type of opioid receptors in the
POA is regulated by P and the higher number in the luteal phase
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743.17

743.18

IS A DECREASE IN OPIOID TONE NECESSARY FOR THE
TIMING OF THE LH SURGE IN RATS?
P.B. Lieberman. C.A.
Paronis. J.H. Woods. E.A. Young*. Departments of Physiology,
Pharmacology, and Mental Health Research Institute, University of

DIRECT
EVIDENCE
FOR
DOWN-REGULATION
OF HUMAN
GONADOTROPIN- RELEASING• HORMONE (GnRH) GENE BY ESTROGEN
KWpDQnq1* Z.G. Chen1 K.W. Cheng2 and K.L. Yu2.1The Jones Institute for
Reproductive Medicine, Eastern Virginia Medical School, Norfolk, VA 23507.
2Department of Zoology, The University of Hong Kong, Hong Kong.
Although expression of the human GnRH gene has been reported in
hypothalamus and reproductive tissues, the molecular mechanisms underlying
the regulation of GnRH gene expression by estrogen in these tissues are largely
unclear. The apparent discrepancies among various in vivo studies may be due
to the complex neuronal circuits and the lack of estrogen receptors in certain
populations of GnRH neurons. This study seeks to determine whether estrogen
could have a direct effect on human GnRH gene expression in transfected
placental tumor cells (JEG). Our previous study identified two promoters in the
human GnRH gene with the upstream promoter being used only in reproductive
tissues ouch as placenta . In this study, the downstream GnRH promoter (H-1)
containing 0.65 kb of the 5' flanking sequence and the 1.8 kb of the upstream
promoter region (H-2) with a deletion of the downstream promoter sequence,
were fused to a promoterless luciferase reporter construct. The response of
these promoter-luciferase constructs to estrogen was assessed by transfection
into the JEG cells. The luciferase activity in the transfected cells was measured
after either no treatment or treatment with various concentrations of estradiol.
JEG cells transfected with H-1-Luc or H-2-Luc construct showed insignificant
changes in luciferase activity in response to estradiol. However, cotransfection
of H-1 -Luc or H-2-Luc construct into JEG cells with a vector expressing a human
estrogen receptor (ER)cDNA resulted in decreases in luciferase activity in
response to estradiol. Thus, this study demonstrated that both upstream and
downstream human GnRH promoter regions can confer down regulation by
estrogen in transfected JEG cells in the presence of cotransfected e R
expression vector.

Michigan, Ann Arbor, MI 48109.
Based upon previous opioid agonist and antagonist studies it has been
hypothesized that a decrease in opioid tone at the mu receptor subtype
is the necessary signal to trigger the preovulatory LH surge in rats. To

test this we have used an irreversible mu receptor antagonist,
clocinnamox (CCam; 5-10 mg/kg), that has been shown to alkylate
receptors and completely abolished morphine analgesia as assessed by
tail flick latency for at least 1 week. If a decrease in opioid tone at the

mu receptor is the critical signal to trigger an LH surge, we
hypothesized that this treatment would interfere with the timing of the
LH surge. Briefly, rats underwent daily vaginal smearing for a 2 week
baseline period and throughout the study, and were injected with
vehicle on the afternoon of diestrus II. Blood samples were collected
by tailnick in the morning (0830) and at 1 of the following PM
timepoints (1200, 1430, 1530, 1630). After a 1 week recovery period,
CCam was administered on diestrus II and blood sampling was
repeated. CCam caused a significant increase in plasma l H levels at
all timepoints except during the surge. In most rats, the surge was

initiated between 1430 and 1530, although two rats had reached surge
LH levels by 1430 in both their control and C-Cam treated cycles.
These data suggest that although tonic LH secretion is inhibited by
activity at the mu receptor, it is not the critical trigger for the LH surge.
(Supported by MH 45232 and DA 00254 and DA 05653.)

743.19

743.20

CONSISTENT WITH REMOVAL OF LOCAL INHIBITION,
PERIFUSION RATE AFFECTS LH AND FSH SECRETION. Lemon.
WI, Padmanabhan, Y, Favreau. PA. Harare, K and Midgky, AR?,
Reproductive Sciences Program, Cellular Biotechnology Training
Program, National Center for Infertility Research, Bioengineering
Program, University of Michigan, Ann Arbor, MI 48109-0404.
In addition to hypothalamic GnRH, local pituitary factors (e.g. inhibin,
activin, galanin) play an important modulatory role in regulating secretion
of LH and FSH. Since GnRH binding to receptor depends primarily on
its concentration, secretion that depends solely on GnRH should occur
independently of perifusion rate while secretion that depends on local
factors will change as the rate changes. Anterior pituitary cells were
obtained from abattoir sheep, dispersed, co-loaded with beads and
perifused in a custom, computer-controlled micro-perifusion system from
which LH and FSH were measured. Four groups of cells were
acclimatized in the chambers for 19 h without GnRH stimulation, then
stimulated every 40 min for 8 h with 4 min, l.OnM pulses of GnRH.
The first group was perifused at a constant high flow rate (136pL/min.);
the second group at a constant low flow rate (14jiL/min.); the third group
was switched from the high rate to the low rate (4h/4h); the fourth group
was switched from the low rate to the high rate (4h/4h). Secretion (ng/5*)
decreased when the flow decreased (ratio of means of log-transformed
data 4-8h/0-4h for LH=0.79; FSH = 0.85). Release of both
gonadotropins increased when the flow rate increased (ratios: LH=1.12;
FSH=1.24). At constant flow rate, LH decreased over time (ratios: high
flow rate=0.93; low flow rate=0.91) but FSH remained constant
(ratio=1.00 at both high and low flow rates). These data are consistent
with removal of common local inhibition, but other models cannot be
ruled out. Supported by NIH grants U54 HD 29184 & P30 HD 18258.

EFFECT OF PROGESTERONE ON LHRH. LHRH RECEPTOR AND LHp mRNA
LEVELS IN OVARIECTOMIZED AND ESTROGEN-TREATED RATS: AN
INSIGHT INTO THE MECHANISM OF LHRH-LH SURGE BY STEROIDS. J. Y.
Seong. S. S. Kane. K. Kam. W. Sun and K. Kim.* Dept, of Molecular Biology, Col.
of Nat. Sci. Seoul Nat'l Univ., Seoul 151-742. Korea.
The present study is designed to evaluate the stimulatory action of progesterone (P)
on the LHRH-LH axis. Using ovariectomized and estrogen (OVX+E)-treated rats, we
determined LHRH mRNA level in the preoptic area (POA), and LHRH receptor
(LHRHR) and LHp mRNA levels in the pituitary by competitive RT-PCR or
Northern blot analysis. Silastic capsule containing 17[3-estradiol (E, 180 pg/ml in oil:
30 mm in length, id 1.575 mm) was implanted to OVX rat, and 2 days later a single
injection of P was administered s.c. at 10:00 h. P increased serum LH levels in a
dose-dependent manner and 1 mg of P was enough to enhance the maximal increase
in serum LH level at 17:00 h. At this time, LHRH mRNA level in the POA was also
augmented by P in a dose-dependent manner. In the pituitary, LHRHR mRNA level
was increased by P, while there was no significant change in LHp mRNA level. To
determine the temporal changes in such parameters, several time points were chosen
according to the profile of serum LH levels. LHRHR mRNA level was increased 2 hr
prior to LH surge (at 17:00 h) and declined when serum LH level was decreased.
LHRH mRNA level rised at the time of the LH surge and the elevated level was
sustained until 22:00 h. No change in LHp mRNA level, however, was observed.
These results show that 1) LHRHR mRNA level in the pituitary was elevated prior to
the LH surge, which may be involved in the potentiation of LH surge, and 2) an
increase in LHRH mRNA level in the POA is accompanied by the LH surge, and
sustained elevated LHRH mRNA level may be related to the desensitization of
LHRHR and consequent decrease in LH levels. Taken together, the present study
indicates that P may play an important role in regulating LHRH and LHRHR gene
expression at the time of the LH surge.
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INFLUENCE OF LIFE-LONG MODERATE CALORIC RESTRICTION ON
NEUROPEPTIDE-Y GENE EXPRESSION IN THE ARCUATE NUCLEUS OF
FEMALE RATS. T.M. McShaneand P.M. Wise. Department of Physiology,

SODIUM PENTOBARBITONE AND THE INHIBITION OF LUTEINIZING
HORMONE PULSES IN RATS: THE SIGNIFICANCE OF HYPOTHERMIA.
P. H. Stratton and C. W. Coen* Division of Biomedical Sciences, King’s College,
London WC2R 2LS, U.K.
The role of hypothermia in the suppression of pulsatile luteinizing hormone (LH)
release by the general anaesthetic sodium pentobarbitone has been investigated in

University of Kentucky, College of Medicine, Lexington, KY 40536-0084.

Moderate caloric restriction extends lifespan, reduces the incidence of agerelated diseases, and delays reproductive senescence in rats. We have
previously shown that life-long moderate caloric restriction delays onset of
persistent estrus and enhances pulsatile secretion of LH. Neuropeptide-Y (NPY)
is thought to play an important role in maintenance of reproductive cycles,
feeding behavior, and metabolic homeostasis. We hypothesized that moderate
caloric restriction (CR) works through NPY-mediated mechanisms to delay
reproductive aging. Female Sprague-Dawley rats (7 weeks old) were placed on
caloric restriction (CR; n=70) which was 60% of ad libitum (AL) intake measured
in control rats (n=70). Rats were individually housed under a 14L:10D cycle, and
fed daily within 1.5 hours of lights-off. Rats were rapidly decapitated 2.5 weeks
following OVX, when rats were 4,12, or 18 months of age. Brains were
dissected, frozen, and coronal sections (12 microns) through the arcuate
nucleus were cut at -20°C on a cryostat. Relative levels of NPY mRNA were
measured by In situ hybridization. A cDNA clone complementary to rat preproNPY was used as a transcription template to synthesize a cRNA probe labeled
with [35S]UTP. Slides were dipped in photographic emulsion, exposed for 10 d
before developed, and silver grains were quantified using computer assisted
image analysis. Number of NPY cells per section in the anterior and mid-arcuate
was not different between CR and AL rats and did not change with age. Relative
level of NPY mRNA (area of pixels covered by silver grains) was greater in CR
rats (P<.001), but was not influenced by age or previous cycle history. Increased
biosynthesis of NPY may contribute to the enhanced amplitude of LH pulses
previously reported in these animals. Supported by NIH AG02224 to PMW and
AG05648 to TMM.
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ovariectomised rats. Each animal was fitted with an intraperitoneal miniature radio
transmitter to monitor core temperature and with an indwelling cannula in the right
atrium of the heart and in the intraperitoneal space. During the 6-hour sampling
period the animal’s core temperature was recorded automatically every 5 minutes
and a 25 pi blood sample was obtained concurrently using an automated system.
After the initial 3 hours of sampling either the drug or the vehicle was administered
via the intraperitoneal cannula from outside the cage ensuring minimal disturbance
to the animal. Administration of sodium pentobarbitone (40 mg/kg) at an ambient
temperature of 21°C resulted in a significant hypothermia throughout the 3-hour
post-injection period. During this period there was a significant reduction in mean
LH concentration, pulse amplitude and pulse frequency. When the drug was
administered at an ambient temperature of 35°C there was no significant reduction
in core temperature and no significant change in the LH pulse parameters.
Administration of the vehicle had no significant effect on core temperature or on
the LH pulse parameters at either 21°C or 35°C. These results indicate that the
effects of this barbiturate on the pulsatile release of LH are secondary to the induced
hypothermia.
We are investigating the extent to which the induction of
hypothermia may be of critical importance in the suppression of LH pulses by other
drugs.

WEDNESDAY PM
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VOLUNTARY EXERCISE INHIBITS BASAL GONADOTROPIN
SECRETION IN OVARIECTOMIZED, NON-REPLACED, BUT NOT
OVARJECTOJIIZED HAMSTERS TREATED WITH ESTRADIOL.
DsYdBigper, Haythem Ali, Subhashioi Ladeiia, gathering LatooKLand
Katarina Borer. Providence Hospital, Department of Physiology,
Southfield, Michigan, and the University of Michigan, Department of
Kinesiology, Ann Arbor, Michigan
Recent studies in male hamsters have shown that voluntary exercise
facilitates gonadotropin secretion by inhibiting the negative feedback of
testosterone. The present study investigated the influence of exercise
on basal (morning) gonadotropin levels in ovariectomized hamsters
treated with blank capsules or with capsules containing estradiol.
Forty-eight adult female hamsters were ovariectomized and implanted
with capsules which were either blank or contained 4 mm of estradiol
17B (E2). One half of each E2 group was placed in cages with wheels
(EX group) or in similar cages without wheels (SED). Blood samples
were obtained between 8 and 10 AM by retro-orbital puncture before
surgery and at weekly intervals following surgery for 5 weeks.
There was a dramatic increase in serum LH and FSH following
ovariectomy in both groups without E2, but all E2 treated hamsters had
low levels throughout the study. There was no consistent difference in
LH or FSH levels between the SED and EX groups with E2, but the
serum FSH (and to a lesser extent LH) was consistently significantly
lower in the EX than SED groups with blank capsules.
We conclude that exercise has a steroid independent effect to inhibit
basal gonadotropin secretion in female hamsters.

EFFECT OF FOOD DEPRIVATION ON ESTROGEN RECEPTOR
IMMUNOREACTIVITY IN DIFFERENT HYPOTHALAMIC NUCLEI OF
FEMALE SYRIAN HAMSTERS. A. K. Panicker, H-Y Li, J.D.BIaustein and
G.N. Wade*. Neuroscience and Behavior program, University of
Massachusetts, Amherst, MA01003.
Metabolic fuels have a profound effect on reproductive functions of female
Syrian hamsters. Estradiol plays an important role in the physiological and
behavioral components of reproduction, ovulation and estrous behavior.
Mapping of neural sites where estrogen receptor immunoreactive (ERIR)
cells respond to metabolic fuels and the type of response might enable us to
find a relation between specific sites and behavioral and neuroendocrine
events leading to nutritional infertility. Previous research from this lab
showed that 48h of food deprivation (FD) in female Syrian hamsters caused
a decrease in the number of ERIR cells in the ventromedial hypothalamus,
an increase in the medial preoptic area and no effect in the nucleus of
solitary tract. In the present study we looked at ERIR cells in the
parvocellular portion of the paraventricular nucleus (pPVN), medial
amygdala (MeA) and arcuate nucleus (Arc). The number of ERIR cells in
the pPVN increased following 48 h of FD. This is in agreement with the
hypothesis that the increased release of corticotropin releasing hormone in
acute fasting is facilitated by estrogen action in the PVN. Even though
MeA is believed to be involved in female sexual behavior, no significant
effects on ERIR cells were observed in this region, consistent with the idea
that it has little effect on reproduction related to nutrition. In the Arc FD
caused a decrease in the number of ERIR cells, which may contribute to
the blockade of preovulatory luteinizing hormone surge in food- deprived
animals by neuropeptide Y.
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SUPPRESSION OF LH PULSES BY REDUCING GLUCOSE AVAILABILITY IS
MEDIATED BY SENSORS IN THE LOWER BRAIN STEM. S. Naeatani1. K.

LUTEINIZING HORMONE SECRETION IN RHESUS MONKEYS
FOLLOWING CORTISOL SYNTHESIS INHIBITION WITH METYRAPONE.
D. A. Van Vuet*. J. Piercv. A. E. Farley, and R. L. Reid. Obstetrics &
Gynecology and Physiology, Queen’s University, Kingston, Ontario K7L 3N6.
Luteinizing Hormone (LH) secretion can be inhibited by Corticotrophin Releasing
Hormone (CRH), and various stressors which increase CRH secretion cause
inhibition of LH secretion. In an attempt to further elucidate the physiological
significance of CRH regulation of LH secretion we determined the effects of
metyrapone on LH secretion. Metyrapone has been shown to activate CRH
neurons, presumably as a consequence of reduced cortisol negative feedback. We
reasoned that this paradigm could be exploited to study CRH regulation of LH
secretion in the monkey. Six ovariectomized rhesus monkeys were placed into
primate chairs and angiocatheters were introduced into the femoral and saphenous
veins for blood collection and metyrapone infusion respectively. Metyrapone (5
mg/kg/hr) or saline was infused for ten hours from 2300 to 0900 hours. Blood
samples for LH and cortisol were collected at 15 minute intervals for six hours
starting at 0900 hours.
Metyrapone infusion resulted in a pronounced inhibition of cortisol. The mean
(±SEM) cortisol level at the end of a 10 hour infusion of metyrapone was 6.9 ±
0.6 pgldL compared to 46.8 ± 3.9 gg/dL in saline controls. Cortisol levels
gradually increased to 22.2 ± 3.5 pg/dL during the subsequent six hour blood
sampling protocol compared to 53.1 ± 5.4 pg/dL in the control group. M ean
LH levels were 73.4 ± 6.0 ng/mL following metryapone compared to 75.5 ± 6.1
ng/mL in saline controls. No effect of metyrapone infusion on pulsatile LH
secretion was seen. These results indicate that inhibition of LH secretion does not
always accompany activation of CRH neurons. The presence 'of CRH populations
that regulate the pituitary - adrenal axis specifically may explain these findings.
Alternatively, CRH may not be a critical neuromodulator of LH secretion in the
ovariectomized monkey (This work was supported by the MRC of Canada).

Foster^* and K.-I. Maedaf. ^Sch. of Agri. Sci., Nagoya Univ., Nagoya 464-01, Japan;
^Reprod. Sci. Progr., Univ. Michigan, Ann Arbor MI 48109, USA.
Glucose may play a key role in controlling reproductive activity through
modulation of GnRH secretion. The present study in the rat determined 1) if
glucoprivic suppression of pulsatile LH release is sexually differentiated; 2) if the
glucoprivic suppression is potentiated by gonadal steroids; 3) if such glucoprivic
suppression of LH secretion is mediated by a glucosensor in the 4th ventricle. Our
approach was to monitor pulsatile LH secretion after peripheral (jugular) or central
(4th ventricle, 4V) administration of the competitive inhibitor of glycolysis, 2deoxyglucose (2DG). Fourteen days after gonadectomy, blood samples for LH were
collected every 6 min for 3 h. After one hour of sampling, 2DG was administered
peripherally (200, 400 or 800 mg/kg BW) in gonadectomized (GDX) males and
females in the presence or absence of sex steroids (testosterone or estradiol) or
centrally (4 or 40 mg/kg) in GDX or testosterone-treated GDX males. In the presence
of steroids, mean plasma LH decreased (P<0.05) at all peripheral doses of 2DG,
whereas in the absence of sex steroids, the lowest dose was ineffective. The middle
dose of 2DG suppressed (P<0.05) mean plasma LH in GDX females but not in GDX
males. Central 2-DG infusion of 40 mg/kg, but not 4 mg/kg, suppressed pulsatile LH
secretion in both GDX and testosterone-treated GDX rats. LH secretion was not
depressed by an isosmotic xylose infusion. The site-specificity of the 2DG infusion
into the 4V was confirmed by an isovolumetric infusion of dye at the termination of
sampling. Collectively, our findings suggest that (1) the hypothalamo-hypophyseal
axis of female rats is more sensitive to the decreased glucose availability induced by
2DG than that of males; (2) this glucoprivic suppression of LH pulses is potentiated by
gonadal steroids; (3) glucose availability is detected in the 4th ventricle consistent
with the notion that the area postrema may serve as an important glucosensor.

744.7

744.8

GLUCOCORTICOID REPRESSION OF GNRH GENE EXPRESSION
AND SECRETION IN MORPHOLOGICALLY DISTINCT
SUBPOPULATIONS OF GT1-7 CELLS. B. Attardl*, T. Tsujiil, R.
Frledmanl, Z.W.Zheng2, J.L. Roberts2, T. DeHovade3, D. Pfaff3, and
D.B.DeFranco4. *1Med. and 4Biol. Sci., Univ. of Pittsburgh, Pgh., PA
15213; 2Mt. Sinai Med. Ctr., N.Y., NY 10029; 3Rockefeller Univ.,
N.Y., NY 10021.
GT1-7 cells possess functional glucocorticoid receptors, and the
synthetic glucocorticoid, dexamethasone (dex), represses GnRH gene
expression (Endo. 134:1467, 1994). We have now compared the dex
sensitivity of two variants of GT1-7 cells with different morphological
properties (type I: "neuronal" appearance, phase-bright, many
processes; type II: phase-dark, fewer processes). Dex (1 pM, 20-24 h)
suppressed luciferase activity in transfections with GnRH-luciferase
reporter plasmids as well as GnRH mRNA to a greater extent in type
II cells than in type I. ICC for GnRH demonstrated dark reaction
product uniformly among type I cells, whereas type II cells had little
or no stain. For secretion studies, cells were attached to Cytodex
beads and perifused for 8 h with control or dex-containing medium.
The high levels of GnRH secreted by type I cells were slightly
enhanced by dex. In type II cells, which secreted much lower levels of
GnRH, dex decreased GnRH release rapidly and profoundly. Thus, in
the type II subpopulation of GT1-7 cells, nuclear alterations leading to
greater transcriptional susceptibility to dex, coupled with low GnRH
storage levels, may be reflected in exquisite sensitivity of GnRH
secretion to glucocorticoid repression.

CORTICOTROPIN RELEASING HORMONE ANTAGONIST BLOCKS
A9-TETRAHYDROCANNABINOL-INDUCED SUPPRESSION OF
LUTEINIZING HORMONE SECRETION IN OVARIECTOMIZED
RATS. A.L. Jackson and L.L. Murphv *. Dept. of Physiology, Southern
Illinois Univ. Sch. of Med., Carbondale, IL 62901.
Findings that marijuana and A9-tetrahydrocannabinol (THC), the major
psychoactive component of marijuana, stimulate the hypothalamicpituitary-adrenal and inhibit the -gonadal axes are well documented in
experimental animals. Recent studies have demonstrated that corticotropin
releasing hormone (CRH) can suppress gonadotropin-releasing hormone
(GnRH) secretion. Thus, this study was designed to determine if THC
inhibits luteinizing hormone (LH) release in ovariectomized (OVX) rats,
via a CRH-mediated mechanism. Adult rats were OVX and 3 weeks later
implanted with stainless steel cannulae within the third ventricle of the
brain. One week after brain surgery, polyethylene cannulae were inserted
into the jugular vein for THC administration and blood withdrawal. After
a 24 h recovery period, the CRH receptor antagonist, a-helical CRF9-41
(ah-CRF; 100p.g/5p,l), or vehicle was infused into the third ventricle
(2.5|ll/min) after an initial blood sample. THC (0.5 mg/kg b.wt.) or
vehicle was administered 30 min after ah-CRF and blood samples were
taken at times 30 and 60 post-THC administration. Results revealed that
THC produced significant decreases in plasma LH levels at 30 and 60 min
post-treatment when compared to vehicle (p<0.05). Infusion of ah-CRF
did not alter LH levels at any time point relative to its vehicle. However,
pre-treatment with the antagonist completely blocked the suppression of
LH by THC when compared to animals receiving THC vehicle. These
results suggest that CRH mediates the inhibition of LH secretion following
acute THC treatment in OVX rats. (Supported by DA-05042)
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CROSS-CORRELATION
ANALYSIS
OF
INTERACTIONS
BETWEEN
HYPOTHALAMIC UNITS ASSOCIATED WITH THE GONADOTROPIN-RELEASING
HORMONE (GnRH) PULSE GENERATOR. T OrdQg and E. Knobil*. Laboratory for
Neuroendocrinology, Medical School, The University of Texas Health Science Center,
Houston, TX 77225.
The electrophysiological correlates of the activity of the GnRH pulse generator, a
hypothalamic oscillator that governs the episodic secretion of the pituitary gonadotropic
hormones, are abrupt, rhythmic increases in multiunit activity (MUA volleys) in the
mediobasal hypothalamus (MBH) that represent the simultaneous increase in firing rate of
individual units. This synchrony could be effected by parallel inputs from a "master
oscillator" or by other mechanisms. Single units were identified by cluster analysis of
multiunit recordings from the MBH of 3 ovariectomized rhesus monkeys and their
connectivity analyzed by cross-correlation histograms of time series of their action
potentials, a method that determines the probability that the firing of two neurons relative
to one another is not due to chance. To relate the results to the generation of the MUA
volleys, the analyses were performed separately during the volleys and the intervals between
them. Significant (p<0.01) interaction was found in -6^0% of the 31 pairs of pulsegenerator-associated units analyzed. The majority of cross-correlation histograms consisted
of a single peak with a delay from time zero of 1-3 ms and a duration of 0.5-1.5 ms between
and during volleys. The distinct character and short duration of this peak suggest, in
agreement with observations made by others in the cerebral cortex, direct, synaptic,
excitatory interactions between these units. Although the specific characteristics of these
interactions {strength and contribution) varied considerably from one unit pair to another,
they were not significantly different during and between volleys. The results suggest that the
synchronization of the single-unit bursts may be effected by these direct synaptic
interactions rather than by a common Zeitgeber. (Supported by NIH grants HD-17438 and
HD-08610, and by the Ellwood Foundation.)

MODELING THE AGONIST-INDUCED ELECTRICAL AND CALCIUM
ACTIVITY PATTERNS OF PITUITARY GONADOTROPHS
Y.-X. Li*f, S.S. StojilkovicJ, J. Keizerj, and J. Rinzelf. fMath. Res. Branch,
NIDDK, NIH; {Endocrinol. Reprod. Res. Branch, NICHD, NIH; §Inst. Theor.
Dynamics and Sec. Neurobiol. Physiol. Behav., UC Davis
Pituitary gonadotrophs are ideal for studying Ca2+ signaling in excitable
cells. Signals can be generated separately or interactively via plasma-membrane
Ca2+ entry through voltage-gated Ca2+ channels and/or via hormone-induced
Ca2+ release from the intracellular Ca2+ store, endoplasmic reticulum (ER),
through inositol trisphosphate (IP 3) receptor Ca2+ channels on the ER membrane. We account for the complex Ca2+ and Vm dynamic patterns using mathematical models in combination with Ca2+ fluorescence and whole-cell clamp
electrical, measurements. Our model incorporates Ca2+ diffusion and the IP3mediated Ca2+ oscillation mechanism spatially-distributed in a spherically symmetric cytoplasm with a boundary condition describing the activity of plasma
membrane channels and active Ca2+ pumps. Besides explaining various firing
patterns observed in both male and female gonadotrophs during IP3-induced
Ca2+ oscillations, our modeling gives insights into the mechanisms of Ca2+ homeostasis before, during, and af- > 0
ter agonist stimulation.
The E-40
Ca2+ handling parameters (dif- >e-80
fusion rates, buffering capaci- Z> q
ties, membrane pump and leakage characteristics) all influence q 0
the spatio-temporal patterns of .5
Ca2+ and Vm.
Quantitative
understanding of resetting the A
Ca2+ oscillation’s phase with O. ^0 0
60
120
180
240
300
Time (s)
current pulses is also achieved.
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a neural
network
model
of the lhrh
pulse gen erator
: SYNCHRONY and PULSATILITY. Ml D. Loose*.
Neuroscience Program, Oberlin College, Oberlin, OH 44074
The secretion of LHRH has a distinctive, pulsatile pattern of short
periods of relatively high levels of release followed by longer intervals of low to undetectable levels of release that is thought to result
from synchronized release by tens/hundreds of LHRH neurons. To
examine how certain variables affect synchronization, I have constructed and tested a simple model consisting of 100 randomly
connected LHRH neurodes. All neurodes projected to the median
eminence, were endogenous bursters with randomly assigned interburst-intervals (IBI), and had excitatory effects on postsynaptic
cells. Each neurode multiplies its inputs by the associated synaptic
weights and sums these values. Neurode output was a sigmoid
function of the sum and circuit output was the summed neurode
output. This process was repeated every sec for 4-8 simulated
hours. With 0% connectivity, circuits had only small fluctuations in
output over time. If all cells were "stimulated" to burst simultaneously, subsequent pulses decreased in amplitude and increased in
duration at a rate dependent on the variability of the IBI. When the
chance of a synapse from one neurode to another was set at 1, 2, 3,
5 or 10% and various synaptic weights were tested, circuits were
capable of indefinitely maintaining a synchronized output and of
creating a pulsatile output from a non-synchronized starting point.
"Ablation" of neurodes indicated that pulsatility was a robust feature
of circuits exhibiting pulsatile output. This model has numerous
variables that require further evaluation but appears to be a useful
paradigm for modeling LHRH pulsatility.

744.12
ACTIVATION OF PKA: A NOVEL TRANSDUCTION MECHANISM
FOR ESTROGEN ’S MODULATION OF /z-OPIOID/K+ CHANNEL
COUPLING. A.H. Lagrange*. M.J. Kelly Dept, of Physiology, Oregon
Health Sciences U., Portland, OR 97201
Control of the female HPG axis by estradiol (E2) involves inhibition
of hypothalamic GnRH release via modulation of the p-endorphin system,
/z-opioid peptides (e.g. p-endorphin) hyperpolarize hypothalamic cells by
opening a K+ inward-rectifier <IK(i> Intracellular recordings in arcuate
neurons from in vitro hypothalamic slices from ovariectomized guinea
pigs were used to study the mechanism of E2 action. The potency of the
response to the /i-opioid agonist, DAMGO is rapidly decreased nearly
four-fold by a brief exposure to E2 (100 nM, 20 min) in about 35% of
neurons tested. The effect of E2 is stereoisomer-specific and
concentration-dependent. /z-receptor/G-protein coupling is altered by
cAMP-dependent protein kinase (PKA), and there is evidence that the
estrogen receptor interacts with PKA in some systems. The effects of E2
were blocked by the nonspecific protein kinase inhibitor, staurosporine
(100 nM, n=10), and mimicked by stimulation of adenylate cyclase with
forskolin (1 - 20 /zM, n=6). The more selective PKA activator, SpcAMP mimicked the effects of E2 in a concentration-dependent manner
(n=3). Although the selective PKA antagonists, KT5720 (50 nM, n=7)
and Rp-cAMP (100 /zM, n=7) inhibit PKA by different mechanisms, both
agents blocked the effects of E2. The present work provides a novel
transduction mechanism for E2 (i.e. PKA activation), as well as
elucidating the intracellular mechanisms regulating the actions of opioid
peptides. (Supported by PHS Grants DA05158 and MH 10327)

744.13

744.14

PHARMACOLOGICAL CHARACTERIZATION OF THE ESTROGEN
RECEPTOR ’S RAPID ALTERATION OF /--OPIOID SYNAPTIC
TRANSMISSION. M.J. Kelly*. A.H. Lagrange Dept. of Physiology,
Oregon Health Sciences U., Portland, OR 97201
We have previously shown a rapid effect of 17p-Estradiol (E2) to alter
the potency of the /z-opioid agonist, DAMGO, in hypothalamic neurons.
This effect is faster than would be expected for the classic genomic model
of E2 action, and appears to involve activation of PKA. To study the
mechanism of E2 action, intracellular recordings were made from arcuate
neurons from in vitro hypothalamic slices from ovariectomized guinea pigs.
DAMGO hyperpolarizes these cells by opening an inwardly rectifying K+
channel. The potency of this effect is reduced nearly four-fold by a brief
exposure to E (100 nM, 20 min) in about 35% of neurons tested. The EC*,
for E2's effect was 8 nM, with a Hill slope of 0.7. The biologically
inactive isomer, 17a-E2 was unable to mimic the effects of 17p-E2. The
effects of E2 appear to be mediated by an intracellular receptor, as the
membrane-impermeant conjugate BSA-E2 did not alter DAMGO potency.
Furthermore, the effects of Ej were blocked by the "pure" antiestrogen iCi
164,384 and the structurally dissimilar estrogenic drug, diethylstilbestrol.
By using an antagonist to shift the E2 concentration-response curve, Schild
analysis resulted in an estimated Kefor ICI 164, 384 of 0.3 nM, similar to
the Ki for ICI 164,384 binding to the classical estrogen receptor.
Therefore, characteristics of the receptor mediating this rapid estrogen
effect are in many ways similar to the classical estrogen receptor and this
work may represent a novel signal transduction mechanism for this protein.
(Supported by PHS Grants DA05158 & MH10327)

ENDOTOXIN SUPPRESSES GONADOTROPIN-RELEASING HORMONE
PULSE GENERATOR ACTIVITY THROUGH TUMOR NECROSIS
FACTOR-a. M.J. Yoo, M. Nishihara*. and M. Takahashi, Department of
Veterinary Physiology, Veterinary Medical Science, The University of Tokyo,
Tokyo 113,Japan.
Bacterial endotoxin lipopolysaccharide (LPS) can induce a variety of immune
responses including a release of tumor necrosis factor (TNF)-a into peripheral
circulation and suppress gonadotropin secretion as well. We examined in the rat
whether LPS could affect the electrical activity of the hypothalamic
gonadotropin-releasing hormone (GnRH) pulse generator, which governs
pulsatile secretion of gonadotropin from the pituitary, and the involvement of
TNF-a, if any, in this process. Ovariectomized rats were fitted with chronically
implanted electrode arrays in the medial basal hypothalamus, and multiple unit
activity (MUA) was monitored from freely moving animals. By intravenous
(IV) injection of LPS (1 pg), MUA volleys and associated luteinizing hormone
(LH) pulses were suppressed for several hours. The suppressive effect due to
LPS was nullified by the antibody against TNF-a administered intracerebroventricularly (ICV). Graded doses of TNF-a administered either IV (0.4,
1 and 2 pg) or ICV (20, 50 and 250 ng) suppressed both MUA volleys and LH
pulses in a dose dependent manner similarly as LPS did. On the other hi.nd,
neither IV nor ICV injection of TNF-a affected MUA volleys if animals v ere
pretreated with indomethacin (IV, 1 pg/100 g BW), a cycloxygenase inhibitor,
10 min before.
These results suggest that LPS leads to a decrease in
hypothalamic GnRH pulse generator activity through TNF-a, and that the
suppressive effect of either peripherally or centrally derived TNF-a on the pulse
generator depends on the prostaglandins synthesis.
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745.2

EFFECTS OF MICROIMPLANTS OF AN ANTIANDROGEN INTO THE
ROSTRAL HYPOTHALAMUS ON GABAergic NEURONS AND ON LH
SECRETION IN THE INTACT MALE RAT. D.R, Grattan. M.S. Rocca M.M.
McCarthy and M. Selmanoff*. Center for Studies in Reproduction, Department of
Physiology, University of Maryland, School of Medicine, Baltimore, MD 21201.
GABAergic neurons terminating in the rostral hypothalamus are stimulated by
testosterone. To investigate whether this action is mediated locally through androgen
receptors in the rostral hypothalamus, bilateral microcannulae (28 gauge) containing
the androgen receptor antagonist, hydroxyflutamide (HF), were stereotaxically
implanted into the rostral preoptic region just dorsal to the major population of
GnRH cell bodies. Two days later, blood samples were collected for LH assay and
animals were sacrificed for determination of GABAergic neuronal activity in tissue
microdissected from the site of the implanted cannulae. Animals were decapitated
either without treatment, or 60 minutes after inhibition of GABA degradation by
AOAA (100 mg/kg, ip). The rate of GABA accumulation in the tissue after AOAA
is a measure of GABA turnover. Levels of mRNA for both forms of glutamic acid
decarboxylase (GAD65 and GAD67), the rate limiting enzyme responsible for GABA
synthesis, also were measured by a microlysate RNase protection assay.
LH levels were significantly increased in HF-treated animals (0.29 ± 0.05 ng/ml)
compared with controls (0.15 ± 0.02 ng/ml). In the brain region directly ventral to
the microcannula tip (500 pm punch from 300 pm fresh frozen section), GABA
turnover was significantly reduced in HF-treated rats. There was no effect of HF
on either GAD65 or GAD67 mRNA levels in this brain region. The results indicate
that GABAergic neurons terminating in the rostral hypothalamus are tonically
stimulated by testosterone acting at an androgen receptor localized in this region.
The findings support the working hypothesis that these androgen-sensitive
GABAergic neurons mediate the negative feedback action of testosterone on GnRH
secretion in the male rat. (Supported by NIH grant HD21351 awarded to MS).

TESTOSTERONE-INDUCED ACTIVATION OF TYROSINE HYDROXYLASECONTAINING NEURONS OF THE A14 AND A15 HYPOTHALAMIC NUCLEI
IN THE MALE SHEEP. Lubbers LS1, Hileman SM1, Jansen HT2, Lehman MN2 and
Jackson GL1*. 'Dept, of Veterinary Biosciences, University of Illinois, UrbanaChampaign, U 61801,22)ept. of Anatomy and Cell Biology, University of Cinncinnati
Medical Center, Cincinnati OH, 45267.
Tyrosine hydroxylase (TH)-containing neurons of A14 and A15 hypothalamic
nuclei, which are dopaminergic in nature, appear to mediate the inhibitory effects of
gonadal steroids on luteinizing hormone (LH) release in female sheep. However, the
role of these neurons in steroid-induced inhibition of LH release in the male is
unknown. We tested the hypothesis that in the male TH neurons of the A14 and A15
are activated by testosterone (T). We examined the percent of TH cells which
express cFos, a marker of neuronal activation, in castrated male sheep infused with
vehicle (n=4) or T (768 pg/kg/d T; n=4) for 72 h. Blood samples were collected
every 10 min for 4 h just prior to, and during the final 4 h of infusion. Animals then
were euthanized and hypothalami were collected. Coronal sections (16 pm) were cut
through the A14 and A15 nuclei and a series of every sixteenth section was assessed
for TH and cFos colocalization using a dual-immunoperoxidase procedure. T
infusion increased circulating T (p<0.01), decreased mean LH (p<O-Ol) and increased
LH interpulse intervals (p<0.0l). T infusion increased the percent of TH cells
expressing cFos in the A14 [p<0.01; 40.38% (84/208 TH cells) vs 21.13% (37/173
TH cells)] and in the A15 [p<0.01; 33.07% (209/632 TH cells) vs 7.92% (75/947 TH
cells)]. These results show TH-containing neurons of the A14 and A15 are activated
by T infusion and suggest they may be involved in steroid-induced inhibition of LH
release in the male. (Supported by AG-37203-8177).

745.3

745.4

NONGENOMIC TEMPORAL ACTION OF THE NEUROACTIVE STEROID,
3a-HYDROXY-4PREGNEN-20-ONE (3aHP) IN GnRH-INDUCED SUPPRESSION OF FSH IN PERIFUSED RAT PITUITARY CELLS. J. P. Wiebe*
and M. Wolfe. Hormonal Regulatory Mechanisms, B&G Building, Univ. of Western Ontario, London, Ontario, Canada N6A 5B7.
The recently discovered neuroactive steroid, 3aHP, has been shown to selectively suppress GnRH-induced pituitary FSH release by actions at the level of the gonadotrope membrane/Ca2+ channel and the cell signaling pathway involving protein
kinase C and Ca2+ mobilization (Endocrinology 125:41, 1989; 134:371, 1994;
134:377, 1994). To determine the time course of action of 3aHP in FSH suppression, pituitary cells from random cycling female Sprague-Dawley rats were allowed
to attach to cytodex beads (4-5 days), transferred to perifiision columns, equilibrated
for 1 h and then 10-min samples collected for 330 min. Cells received a 5 min pulse
of GnRH (10'7M) at 30 min (Cr; control) and at 270 min (Tr; treatment; Tr-0 =
start of pulse). Various regimens of 3aHP and other steroids were applied in conjunction with the Tr pulse. FSH was determined in all samples by specific RIA.
GnRH pulses resulted (about 20 min after start of pulse) in a short (10-15 min) 4-30fold peak (above baseline) of FSH release. When a 5-min pulse of 3aHP (10’9M)
was applied at Tr-0, the GnRH-induced FSH release was completely suppressed. A
3aHP pulse at Tr-0.5, Tr-5, Tr-7, Tr-10, and Tr-13, the GnRH-induced FSH release was 0-10%, 5-20%, 50-70%, 80-100%, and 90-100% of the Cr peak, respectively. A 5-min pulse of 38HP, progesterone, or estradiol at Tr-0 resulted in 100,
155, and 245%, respectively of the Cr FSH peak. Pretreatment of cells with estradiol prevented the suppressive action of 3aHP. The results indicate that 3aHP most
effectively suppresses GnRH-induced FSH release when present at the start of
GnRH release and in the absence of estradiol. They suggest that 3aHP action may
be at the level of the GnRH-receptor binding. (Supported by NSERC of Canada)

CLONING AND SEQUENCING OF cDNA FOR HAMSTER GnRH. H.T.
Jansen*. S.J. Berriman. P.J. Stevens. P. Zeitler. and M.N. Lehman. Dept. Cell
Biology, Neurobiology, and Anatomy, Univ. Cincinnati, Coll. Med. and Children's
Hospital Research Foundation, Cincinnati OH 45267.
Reproductive activity in a number of species undergoes marked seasonal reversals
as a result of changes in the activity of neurons secreting the decapeptideGnRH. In
the golden hamster, a seasonal breeder, photoperiod-induced changes in GnRH gene
expression have been described (Ronchi et al., Neuroendocrinol. 55:146, 1992). The
identity of elements within the GnRH gene responsive to photoperiodic influences is
unknown, in part, because the GnRH gene of this species has not been cloned. We
have used the technique of RT/PCR to amplify, clone and sequence a partial cDNA
of GnRH precursor in the golden hamster. Reverse transcribed total RNA from
individual adult male hypothalami was amplified using the following oligonucleotide
primers: 1) forward, an 18mer homologous to the highly conserved GnRH coding
sequence within exon 2 in human, mouse, and rat and 2) reverse, a Mmer
homologous to the conserved 5' end of exon 4 encoding the carboxy terminus of
GnRH-associated peptide (GAP) in the same 3 species. The expected 192 bp product
containing the GnRH and GAP coding sequences was amplified, cloned, and
subsequently sequenced. The results indicate that the nucleotide sequence of the
hamster GnRH coding region shares 98%, 93%, and 95% homology with human,
rat, and mouse, respectively; the predicted peptide sequence shares 100% homology
with all three species. The predicted GAP peptide sequence (amino acids 1-50) shares
82%, 80%, and 82% homology with human, rat, and mouse, respectively. In situ
hybridization histochemistry using an antisense oligonucleotide probe to GnRH
revealed a distribution of labeled cells similar to that observed with
immunocytochemical methods. Upstream regulatory sequences in the GnRH gene
are being isolated and analyzed using hamster-specific probes. (Supported by USDA
9102515).

745.5

745.6

DEVELOPMENT OF TWO GNRH SYSTEMS IN NEURONAL AND IMMUNE
CELLS OF A MAMMAL. C.J. Gill*. J.A. King . R.P.Millar and E.F, Rissman.
Dept. of Biology, University of Virginia, Charlottesville, VA 22903
The development of neurons containing the mammalian molecular form of
gonadotropin-releasing hormone (mGnRH) has been well described for several
species, but the development of neurons expressing other GnRH molecular forms is
less well understood . Neurons containing mGnRH in the musk shrew, Suncus
murinus, are observed by immunocytochemistry (ICC) in the olfactory epithelium by
embryonic day 15 (of a 30 day gestation) and appear to migrate in to their adult
olfactoiy and forebrain positions before birth. The musk shrew is the only mammal
known to have an additional population of GnRH neurons in the midbrain . These
cells contain chicken II GnRH (cGnRH-II), the GnRH molecular form considered
most ancient and most widespread among non-mammalian vertebrates. Neurons
immunoreactive for cGnRH-II are not observed in the musk shrew brain until
between postnatal day 2 and 5. At this time, they have assumed their adult
positions in the midbrain. However, cGnRH-II containing mast cells are present
throughout the brain, but primarily in the habenula, in embryos and postnatal
animals.
The concentrations of both GnRH forms in embryonic and postnatal brain tissue
were determined by radioimmunoassay (RIA). RIA revealed that mGnRH levels
rise on the day before birth, drop on postnatal day 1 (Pl), and increase again by P5.
The amount of cGnRH-II is low but detectable in embryos and increases between
the day of birth and P5. Though neuronal production below ICC detectability may
explain these data, it is also likely that these levels of cGnRH-II detectable by RIA
are produced by embryonic mast cells. These data suggest a previously unreported
association between the development of the mammalian neuroendocrine and
immune systems. This work was supported by NIH NRSA 1F31MH105704HA1
and NSF grant IBN 94-12605.
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EFFECTS OF AROMATASE INHIBITOR ON GNRH GENE EXPRESSION
IN SHEEP C.S.J. Yang*. A. Benoit1. M.S. Smith2 and R, A, Dailev Div.
Anim. & Vet. Sci, West Virginia Univ., WV 26505, depart. Anim. North
Carolina State Univ. NC 27695 and ^Depart. Neurobiol., Univ. Pittsburgh,
Pittsburgh, PA 15261.
We reported a change in GnRH mRNA levels during the ovine estrous
cycle. Specifically, levels were highest immediately preceding and lowest
after the LH surge. To investigate the importance of the preovulatory peak
of estradiol-17(3 (E2) on postovulatory GnRH gene expression, we treated
ewes with an aromatase inhibitor, CGS16949A (CGS, 1 mg/kg wt., i.v.) [Ciba
Geigy, Ltd., Basal, Switzerland], beginning 30 min. prior to induction of
luteolysis by PGF2a on day 6 of the estrous cycle. The CGS treatment
continued every 8 hr until injection of hCG (750 IU, i.m.) given 36 hr after
induction of luteolysis. Ewes were sacrificed at either 4, 6, or 8 days (post
surge) following hCG. Control animals received saline instead of CGS.
Number of ewes sacrificed at each time were 4, 2, and 2 for CGS and 4, 4,
and 4 for controls. Mean levels of E 2 in serum at 24 hr after PGF2a
averaged 2.66±1.28 for CGS and 7.44±2.51 pg/ml for controls. E2 levels
did not differ between groups when animals were sacrificed. In situ
hybridization using an 35S-Iabeled probe for human GnRH mRNA was used
to determine the GnRH mRNA levels. Eight anatomically matched, serial
sections (S, 40 pm) from the POA of each animal were analyzed by image
analysis. Neither number of neurons expressing GnRH-mRNA nor average
grains per cell differed with treatment (T), day (D) or T x D. The results
indicated that treatment of CGS did not change the GnRH expression
pattern. Overall groups, analysis of GnRH neuronal numbers showed an
interaction between D and S (p<0.02), and levels of E2 were correlated
negatively (r= -0.35, p =0.12) with number of neurons. Preovulatory levels
of E2 apparently do not play a key role in regulating postovulatory gene
expression for GnRH in sheep. Supported by Hatch 321 & HD 14643
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745.8

A DIRECT PROJECTION FROM THE LATERAL SEPTUM TO GnRH
NEURONS IN THE RAT. F. Varoqueauxa, P, Ciofia, G. Tramub, J.C.
Beauvillain** and P, Poulaina. aU422 INSERM, Place de Verdun, 59045 Lille
(France);'bLab. Neurocyto. Fonct., URA CNRS 339, Univ. Bordeaux I, 33405

TIME COURSE STUDY OF GNRH AXONAL OUTGROWTH FROM THE
PREOPTIC AREA (POA) TO THE MEDIOBASAL HYPOTHALAMUS (MBH) IN
ORGANOTYPIC CULTURES. M-C. Rogers*, A-J. Silverman1 . M.J. Gibson, Dept of
Medicine and Fishberg Center for Neurobiology, Mount Sinai School of Medicine, NY,
NY 10029. 'Dept of Cell Biology and Anatomy, Columbia University. NY, NY10032.
GnRH terminals project in vivo to the median eminence (ME) of the MBH along a
stereotypic route. When hypogonadal mice receive an embryonic POA graft in the third
ventricle, GnRH outgrowth to the ME may be seen as early as 5 days after impl^t^ttora
In our organotypic culture system tissue was placed inside an insert chamber on a porous
membrane coated with collagen and laminin, and fed by capillarity from the underlying
defined media. When E15 POA was cultured with MBH and processed for GnRH
immunoreactivity 7 days later, significant Gi RH axonal outgrowth was observed on the
side of the POA directly facing the MBH co-explant as compared with the side away from
the MBH (p<0.0001). Such differential outgrowth was absent with control co-explants
(Endo. Soc. Abst. 1995). This suggests the presence of an MBH-derived chemotropic
diffusable substance attractive for Gi RH axons. In the present study, when explants were
cultured from 1 to 10 days, we documented increased GiRH axonal outgrowth from the
POA over time. The number of GnRH fibers was significantly higher on the side facing
the MBH after 4, 7 and 10 days of culture (p<0.01). At 1 day of culture the number of
GnRH fibers was too low to detect significant preferential outgrowth. In addition to being
more numerous after 10 days of culture, GnRH fibers appeared longer, often entering the
MBH explant. GnRH cell number decreased by 13/9% between 1 and 4 days of culture, by
18.2°% between 4 and 7 days, and remained stable thereafter. Preferential GnRH

Talence (France).
The lateral septum (LS) relays hippocampal information to a variety of
hypothalamic areas modulating the neuroendocrine output. Especially, the LS has
long been known to be involved in the regulation of reproductive processes. In line
with this and using a tract-tracing technique, we investigated the existence of a direct
projection from the LS to neurons of the gonadoliberin (GnRH)ergic apparatus.
Nine adult male rats (400g, b.w.) received a unilateral microiontophoretic injection
of a biotinylated-dextran into the ventral LS and anterograde transport was allowed to
proceed for 15 days. Brains were fixed (4% paraformaldehyde) and serially cut on a
freezing microtome. All sections were doubly-stained to reveal the LS projection
fibers with the avidin/peroxidase-diaminobenzidine technique and the GnRH neurons
using immunofluorescence. Appositions between LS efferents and GnRHimmunoreactive (ir) neuronal profiles were counted at the light microscopic level.
In all cases such appositions suggestive of potential contacts were found to involve
20-30% of the GnRH-ir neurons located ipsilateral to the injection site. There was no
obvious dorso-ventral or antero-posterior topographic arrangement of the contacted
neurons that were found in the preoptic region as well as in the suprachiasmatic
hypothalamic continuum. Potential contacts between labeled LS efferents and GnRHir neurons were observed on the proximal dendrites as well as the perikaryon of the
GnRH-ir neurons. The majority (80%) of the contacted GnRH-ir neurons were of the
irregular sub-type. The synaptic nature of these appositions between LS efferents and
GnRH neurons is presently under study at the ultrastructural level.
These results suggest the existence of a direct, monosynaptic projection from the
LS to a sizeable component of the GnRHergic neuroendocrine apparatus. The nature
of the LS information relayed to the GnRH apparatus remains to be clarified.
Supported by INSERM.

745.9

POST-TRANSCRIPTIONAL REGULATION OF THE
GONADOTROPIN-RELEASING HORMONE (GnRH) GENE IN
GT1-7 CELLS: mRNA TURNOVER. T.J. Wu*. A.C. Gore and J.L.
Roberts. Fishberg Center for Neurobiology, Mt. Sinai School of
Medicine, NYC, NY 10029.
Several groups have reported that treatment of GT1-7 cells with
phorbol myristate acetate (PMA), a phorbol ester, caused a decrease in
the cytoplasmic GnRH mRNA concentration. While there is an
inhibitory transcriptional effect of PMA, there also appears to be an
effect on enhancing GnRH mRNA degradation. In support of this
latter mechanism, we also found that PMA treatment resulted in a timedependent decrease in the length of the GnRH mRNA poly-A tail (ti/2 =
8 h), an index of mRNA turnover. We hypothesized that there must
exist regions of the GnRH mRNA that serve as recognition signal
targets for the degradation of the mRNA. The mechanism(s) mediating
this alteration of mRNA stability is unknown, but previous work in
other systems indicates that labile protein(s) are involved in the
alteration. To this end, we have identified three potential regions of the
GnRH mRNA, two hairpin loops (+128 to +156 and +302 to +328) in
the translated region and an AU-rich sequence in the 3'-untranslated
region (3'-UTR) (+395 to +422), that may serve in the regulated
destabilization of the mRNA. We report the identification of cytosolic
factors that bind to the GnRH mRNA using gel mobility shift assays
and competition experiments. Serum treatment of cells, which inhibits
GnRH mRNA levels, gave cytosolic extracts with attentuated protein
binding to the second hairpin loop and the 3'-UTR. These findings
should aid in our understanding of how the cell selectively targets the
GnRH mRNA for turnover. [DK-08743 (ACG), DK-39029 (JLR)]

outgrowth to the MBH was observed throughout the time course indicating that the MBH
chemotropic action was maintained as long as 10 days in culture. We have observed
unidentified cells and processes on the membrane between the co-explants. Further
experiments are under way to distinguish potential chemotropism from the possible role of
such cellular elements.
Supported by NIH grant: NS 20335

745.10
GnRH mRNA IS RAPIDLY TURNED OVER IN VIVO. LU
Roberts*. S. Wrav#. aid A.C. Gore. Fishberg Res. Center for
Neurobiology, Mt. Sinai Medical Center, New York, NY 10029-6574,
and #Lab of Neurochemistry, NINDS, NIH, Bethesda, MD 20892.
Previous studies analyzing GnRH gene expression in vivo and
in vitro have suggested that there are rapid, post-transcriptional
mechanisms involved in its regulation. Interestingly, in the GT1 cells
there is a very slow turnover of GnRH mRNA with a half-life of 1-2
days. However, rapid changes in GnRH gene expression in the animal
are observed following neurotransmitter or steroid manipulation, and an
analysis of RNA turnover by in situ hybridization has suggested that
turnover of GnRH mRNA occurs more rapidly in explant cultures than
in GT1 cells. We have directly addressed this question in male rats
using RNA synthesis inhibitors coupled with RNase protection assays
to quantitate GnRH primary transcript aid mRNA. Actinomycin D
injected in the third ventricle or directly into the preoptic area (POA) had
no effect on either nuclear or cytoplasmic GnRH RNA species.
However, injection into the POA of the water-soluble RNA polymerase
II-specific inhibitor dichloro-ribofuranosylbenzimidazole (DRB) caused
a significant inhibition in GnRH nuclear RNA primary transcript levels
and a subsequent inhibition of cytoplasmic GnRH mRNA. These
studies have suggested ai upper limit of 6-8 hr for the half-life of the
cytoplasmic mRNA. We are currently pursuing similar studies in
cultured postnatal hypothalamic explants in which a greater percentage
of the GnRH neurons are exposed to DRB. These studies suggest that
GnRH mRNA turnover may be a crucial mode of regulation of GnRH
gene expression in the intact animal, and differs from that observed in
GT1 cells.

745.11

745.12

LHRH GENE EXPRESSION IN POSTNATAL CNS SLICE
EXPLANT CULTURES:
EXAMINATION OF LHRH mRNA
TURNOVER.
J. A. Maurer and S. Wrav*.
Laboratory of
Neurochemistty, NINDS, NIH, Bethesda, MD 20892.
Using the immortalized LHRH cell line, GT1-7, investigators have
reported negative regulation of LHRH gene expression by phorbol 12myristate 13-acetate (PMA) treatment. Our laboratory saw a similar
regulation of LHRH gene expression in postnatal hypothalamic slice
explant cultures.
In primary LHRH i^^trrt^ns, LHTRH mRNA
dramatically decreased after a 4 h exposure to either forskolin or PMA.
We hypothesized that these changes were the result of increased
degradation of LHRH mRNA. To investigate LHRH mRNA stability,
actinomycin D, a non-specific blocker of RNA polymerases, and 5,6dichloro-l-D-ribofuranosyl-benzimidazole (DRB), a selective inhibitor
of RNA polymerase-II, were used to inhibit transcription in postnatal
LHRH neurons maintained in long-term organotypic roller cultures.
Two days prior _ to treatment, cultures were incubated with 1 pM
tetrodotoxin (TTX) to suppress spontaneous electrical activity. On day
18 of culture, in addition to TT X, explants received 4 pM actinomycin
D or 150 pM DRB for 2 to 16 h and then processed for in situ
hybridization histochemistry or immunocytochemistry. Under all
treatment conditions numerous LHRH immunopositive neurons were
detected suggesting that levels of LHRH peptide are not dramatically
altered by treatment with transcription inhibitors. Preliminary data from
single cell analysis indicate that exposure to DRB for 2 to 4 h decreases
LHRH mRNA. These results are consistent with the hypothesis that
second messengers regulate LHRH gene expression by increasing
LHRH mRNA turnover.

LONG-TERM EFFECTS OF OVARIECTOMIES IN FEMALE RATS ON RADIAL
ARM MAZE PERFORMANCE USING LONGITUDINAL AND CROSSSECTIONAL DESIGNS. A.C. Bartolomeo. J.A. Mover. E.A, Muth* aid C.A. Boast.
CNS Disorders, Wyeth-Ayerst Research, CN 8000, Priicetoi, NJ 08543.
Recent clinical studies have suggested a collection between reduced levels of
estrogen aid cognitive deficits, especially ii Alzheimer's Disease. To determine if
estrogen depletion would lead to memory impairments, a longitudinal design was
initiated with ovariectomized (OVX) aid intact (INT) female Sprague-Dawley rats, ii
a oie hour delay, loi-match-to-sample Radial Arm Maze (RAM) task. Subjects had
pre-surgical RAM trailing. Post-surgical (PS) testing started at oie week aid
subjects were retested at four month intervals through 24 months PS. There were io
differences ii mean post-delay errors (PDE) between groups at aiy of the times
although PDE increased with age. Scopolamine (0.03 - 0.54 mg/kg, s.c.), a
cholinergic antagonist, was administered to half of the OVX and all of the INT rats
following testing at each time point. At 3 weeks PS aid 4 months PS, 0.54 mg/kg
SCOP produced significantly more PDE ii both treated groups than ii OVX-SAL,
but there were not aiy differences ii PDE between the treated groups at aiy of the
time points. At 8 months PS, the OVX-SCOP group had more animals unable to
complete the pre-delay than the INT-SCOP. At 12 months PS aid beyond, there was
io difference ii the number of rats unable to complete the pre-delay ii both treated
groups. MK-801 (0.03 - 0.1 mg/kg, i.p.), a ion-competitive NMDA antagonist, was
administered subsequent to SCOP testing beginning at 16 months PS. At 16 months
PS, 0.03 mg/kg MK produced significantly more PDE ii both treated groups than ii
OVX-SAL, but there were not aiy differences ii PDE between the treated groups at
aiy time point. Ii the second study, a cross-sectioial design, naive rats were tested at
4, 8 or 11 months PS ii the RAM task. PDE were not significantly different between
the OVX aid INT at the earlier points, but at 11 months, the INT group consistently
made more PDE with statistical significance attained on 5 of 13 trials. Long-term
depletion of ovarian hormones does not appear to induce cognitive deficits ii rats ii a
spatial working memory task.
.
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CELLULAR ANALYSIS OP TYROSINE HYDROXYLASE
EXPRESSION IN LACTATING RATS K.A. Berghom*. B.J. Duska, H-

J. Wang. W.-W. Le. T.G. Sherman and G.E. Hoffman. Departments of
Neurobiology and Neuroscience, University of Pittsburgh, Pittsburgh,
PA, 15261.
Earlier studies conducted in our laboratory have detected
marked reduction in tyrosine hydroxylase (TH) gene expression in the
dopamine neurons of the arcuate nucleus during lactation with a
resurgence of expression following pup removal. Analysis of the level
of TH gene expression by in situ hybridization (ISH) using 35S labeled
riboprobes did not permit analysis of changes of mRNA levels within
individual cells owing to the density of cell clusters and spread of the
radioactive signal beyond cell borders. Application of sensitive nonradioactive methods for ISH with biotin labeled riboprobes has
enabled detection of granular mRNA label within the cell cytoplasm
that appears to reflect accurately the ribosomal compartment without
spread into other cellular compartments. Using this approach, we
examined the pattern of change in TH mRNA levels in cycling rats
and in lactating rats nursing 8 pups and following pup removal.
Changes in TH mRNA levels detected with the biotin labeled probes
generally paralleled those observed with 35s labeled riboprobes:
mRNA levels in the lactating animals nursing their pups were at or
below the limit of detection in most arcuate TH neurons, and levels of
TH mRNA in the arcuate nucleus increased beyond diestrous levels
when pups had been removed for 24-48 hrs. Moreover, by use of
double labeling of the TH mRNA and TH protein, we could accurately
locate the transcriptionally silent TH population in each condition
and define which subpopulations of arcuate dopamine neurons were
stimulated transcriptionally after removal of the suckling stimulus.
{Supported by NIH NS 28730 and NSF BNS 9021307).
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INTERHEMISPHERIC ASYMMETRIES IN 2-DEOXYGLUCOSE UPTAKE AND OPEN-FIELD BEHAVIOR OF CALLOSAL AND ACALLOSAL MICE. F. Magara. E. Welker*t. D.P. Wolfer and H.-P. Lipp. Inst, of
Anatomy, Univ. of Zurich, flnst. of Anatomy, Univ. of Lausanne, Switzerland.
In order to study functional lateralization in mice, we measured the uptake
of 2-deoxyglucose (2DGU) in the left and right side of the brain of mice while
they were freely moving in an open-field. Ten C57BL/6 mice and . 12 sex- and
age-matched mice with callosal agenesis were injected i.p. with a solution of
l-[14Cl-2-Deoxy-D-Glucose (2DG), and immmediately released in a dimly
illuminated open-field arena (0 = 150 cm). Their paths were recorded and
analysed off-line to assess activity, turning preferences and distance to the
wall as ameasure for exploration versus anxiety. After 45 min., the mice were
sacrificed, and the brains processed for contact autoradiography. The amount
of 2DGU in anatomically defined regions (30 subcortical and 11 cortical) was
assessed by means of a computer-aided image analysis. Acallosal mice
showed a high propensity for ■circling, the degree of turning preferences to the
left or to the right being significantly correlated with 2DGU-asymmetries in
the substantia nigra and the diagonal band of Broca. These correlations were
missing in the callosal C57 mice. In both groups of mice, the 2DGU
asymmetry in the lateral amygdala was correlated with thigmotaxis, animals
with high activity in the right amygdala spending most time in the center of
the open-field. We conclude that the presence of a corpus callosum helps to
correct asymmetrical influences from ascending activation systems on locomotor directedness. Independent of the corpus callosum, there appears to be
functional lateralization of fear-related processes in the amygdala. Supported
by Swiss National Science Foundation 31-37497.

EYE, HEAD, BODY AND FORELIMB MOVEMENTS EVOKED
FROM THE ANTERIOR ECTOSYLVIAN CORTEX OF THE
UNRESTRAINED CAT. H, Jiang* and D. Guitton.
Montreal
Neurological Institute and McGill University, Montreal, Quebec,
Canada, H3A 2B4.
The anterior ectosylvian cortex of the cat receives different sensory
inputs and has been considered an area for sensor-motor integration.
We recorded sensory responses in neurons along the banks of the
anterior ectosylvian sulcus of an alert cat and investigated possible
motor correlates by electrically micro-stimulating (-60 pA) recording
sites. In the head-fixed condition, stimulation evoked eye movements
that were driven to a fixed contralateral orbital position. When the
head was freed, with body fixed, the same stimulus drove gaze
(eye+head) shifts towards a fixed contra-position relative to the body:
both the amplitude and direction of evoked gaze movements were
modulated by initial gaze position. When the body was freed, the same
stimulus drove coordinated rapid gaze and contralateral reaching
forelimb (paw) movements, and body postural adjustments. Gaze
looked at, and paw went to, a fixed contra-spatial location relative to
the initial body axis. For movements beginnng with gaze, head and
body aligned, the location of visual receptive fields and the preferred
direction of moving visual targets were correlated with the final
position of evoked gaze shifts and paw movements. The cortical area
which evoked eye, head and forelimb movements was located mainly
in the middle one-third of the ventral bank and the fundus slightly
extending to the dorsal bank. A topographic representation of 3-D
space re-body may exist in this cortical area. We do not know whether
stimulation generated a 'target' that the animal tried ' to "catch" or an
eye-head-limb motor program.

746.3

746.4

FUNCTION OF MASTICATION-RELATED NEURONS WITH RHYTHMICAL
BURST FIRING IN THE OROFACIAL FIRST SOMATOSENSORY CORTEX
OF CONSCIOUS CATS. HIRABA, K YAMAGUCHf*TY, KAMOGAWA, H. and
SUMINO, R. Dept. of Physiol., Div. of Pathophysioll*? Nihon Univ. Sch. of
Dent., Tokyo 101, Japan
We have studied the activity patterns of mastication-related neurons (MRN)
in the orofacial first somatosensory cortex (SI) of conscious cats. Over 90% of
MRNs in the orofacial SI showed activity changes that followed the
masticatory rhythm (RB-MRN). About 20% and 40% of RB-MRNs received
inputs from the tongue and perioral regions. The RB-MRNs with the
receptive fields in the tongue (T-PB-MRN) and perioral regions (P-RB-MRN)
showed the regular burst firing corresponded to the jaw-opening to -opened
and the jaw-closed phases during food intake respectively. But they showed
the irregular one after food intake. T-RB-MRN showed also firing frequency
changes in burst firing that were dependent on differences in food texture,
but P-RB-MRN did not. Furthermore, to investigate the function of T- and PRB-MRNs during mastication, we examined the effects of each lesion of
perioral or tongue projection area in SI on masticatory behavior.Lesions were
created by injection of kainic acid (1%, 2pl). After creation of each lesion, we
observed the resulting deficit of orofacial behavior during mastication for 5-6
weeks. We then compared the difference in behavior caused by the lesions
in the perioral and tongue projection areas (P-L and T-L animals). P-L animals
showed a delay in the start of mastication and the dropping of ingested food
during mastication. T-L animals showed the prolongation of the masticatory
process. On the basis of these findings, we will discuss the function of
sensory information in the orofacial SI for the performance of mastication.
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SENSORIMOTOR CORTEX RESPONSES TO FACIAL NERVE
STIMULATION IN RATS. J. Okada. S. S. Suzuki*. Y. Haradal and N.
Nagamura. Biosignaling Dept., Natnl. Inst. Biosci. and Human-Technol.,
Tsukuba 305, and IDept. Physiol., Nippon Med. Sch., Tokyo 113, Japan.
The present study was designed to examine the basic characteristics of
facial nerve-evoked neural activities in the primary somatosensory (SI) and
motor cortex (Ml). Under anesthesia, adult rats were implanted with a
stimulating electrode on the buccal branch of the left facial nerve. Field
potentials (FP) and multiple unit activity (MUA) evoked by facial nerve
stimulation were recorded. Facial nerve stimuli elicited primarily negative or
negative-positive potentials in layers ll-V bilaterally in SI and Ml. Large
negaUvities were always accompanied by a salient MUA indicating a
synchronous excitation of local neurons. The primary response latency was
4-9 ms for contralateral SI, 9-10 ms for contralateral Ml and 13-15 ms for
ipsilateral SI/MI. Current source density (CSD) analyses of laminar FP
profiles in contralateral SI revealed two primary sinks at 400-800 pm (E1a) and
1000-1200 pm (E1b) from the cortical surface. E1a and E1b were followed
by a secondary sink in more superficial (200-600 pm, E2a) and deeper
layers (1200-1400 urn, E2b), respectively. Primary sinks in Ml were
distributed widely at 200-1200 urn. The relationship between the facial
nerve-evoked FP map of Ml and the output map of Ml as revealed by
intracortical microstimulation (ICMS) was examined in the same rats. Facial
nerve-evoked potentials were obtained not only from the ICMS-defined
vibrissal region of Ml but also from adjacent regions including the forelimb,
jaw and tongue regions. Furthermore, medial parts of the vibrissal region
showed no or small responses to facial nerve stimulation.
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CORTICAL ACTIVATION OF ORAL MOVEMENTS IN RATS.
R.E. See* and A.M. Lynch. Department of Psychology, Washington
State University, Pullman, WA, 99164-4820.
Previous studies using electrical stimulation have demonstrated
the role of the primary oral motor cortex in regulating oral
behaviors.
The present experiment examined changes in oral
movements after direct pharmacological stimulation of the primary
oral motor cortex in the awake, unrestrained rat. Male, SpragueDawley rats were implanted with bilateral infusion cannulae (22
gauge) aimed at the primary oral motor cortex (A +3.5, L ±3.5,
V -1.5). Following one week recovery, animals were tested in
observation chambers for motor activity. Infusion of N-methyl-Daspartate (NMDA) and the GABAa receptor antagonist, picrotoxin,
produced a concentration dependent increase in orofacial activity.
Motor activity consisted primarily of nondirected chewing
movements and tremor of the masseter muscles. In addition, both
teeth grinding and directed biting were also observed. The effect
was selective to oral behavior in that other motor activity did not
show a significant increase. These findings demonstrate that a
discrete orofacial motor syndrome can be directly elicited by
pharmacological probes into the oral motor cortex. The relationship
of these movements to subcortical oral motor pathways will be
discussed (Supported by NIH DE09678).

EFFECTS ON MASTICATION OF REVERSIBLE COLD BLOCK OF LATERAL
PERICENTRAL CORTEX OF AWAKE MONKEY. N. Narita. B.J. Sessle. R.
Raouf and C.-S. Huang* Faculty of Dentistry, University of Toronto, Toronto,
M5G 1G6, Canada
Our laboratory has shown that intracortical microstimulation (ICMS) of a region
of the lateral pericentral cortex can evoke masticatory-like movements in awake
monkeys (Huang et al., J. Neurophysiol. 61; 635, 1989). The aim of this study was
to determine if mastication could be affected by reversible cold block-induced
inactivation of this ICMS-defined region. Two cranial chambers were chronically
implanted in the monkey (M. fascicularis). A warm or cold alcohol-water solution
was pumped through thermodes placed bilaterally on the dura overlying the lateral
pericentral cortex while the monkey chewed standardized amounts of fruit during precool (thennode temperature 37 ’C), cool (0'C), and rewarm (37‘C) conditions.
Electromyographic (EMG) activity was recorded from masseter (MA), anterior
digastric (AD) and other orofacial muscles, and video recordings made of orofacial
movements. The chewing cycle and preparatory phase of rhythmic chewing were
significantly prolonged during cold block (mean±SD, 0.51 ±0.12s and 2.26±0.93s,
respectively, ANOVA, p<0.05) compared to pre-cool (0.31±0.06s and
0.75±0.20s) and rewarm (0.32±0.04s and 0.90±0.19s) conditions. EMG burst
durations were also significantly prolonged during cold block (MA: 0.35 ±0.12s, AD:
0.33±0.1 Is, ANOVA, p<0.05) compared to pre-cool (MA: 0.23±0.04s, AD:
0.19 ±0.03s) and rewarm (MA: 0.25±0.03s, AD: 0.20±0.03s) conditions, and EMG
amplitudes were also significantly reduced (MA: 0.82±0.21, AD: 1.74±0.48, A/D
units, ANOVA, p<0.05) compared to pre-cool (MA: 1.0>±0.24, AD: 2.19±0.42,
A/D units) and rewarm (MA: 0.98±0.23, AD: 2.20±0.43, A/D units) conditions.
These data provide further evidence that the lateral pericentral cortex plays a critical
role in the initiation and regulation of primate mastication. Supported by Canadian
MRC grant MT-4918.

746.7

746.8

EFFECTS OF REVERSIBLE COLD BLOCK OF LATERAL PERICENTRAL
CORTEX ON SWALLOWING IN AWAKE MONKEY. B.J. Sessle. N. Narita and
R.E. Martin* Fac. of Dentistry, Univ. of Toronto, Toronto, MSG 1G6 and Fac.
of Appl. Health Sciences, Univ. of Western Ontario, London, N6G lHlt, Canada.
We have recently shown that swallowing can be evoked in the awake monkey
by intracortical microstimulation (ICMS) of a region of the lateral pericentral cortex
(Martin et al., Neurosci. Abstr. 19; 777,1993). This study was initiated to determine

MODULATION OF OPTICAL INTRINSIC SIGNALS BY
INTRODUCTION OF A COMPETING STIMULUS

the effects on swallowing of reversible cold block-induced inactivation of this ICMSdefined region. Two cranial chambers were chronically implanted in the monkey (M.
fascicularis). A warm or cold alcohol-water solution was pumped through theimodes
placed bilaterally on the dura overlying the lateral pericentral cortex while the
monkey swallowed following mastication of standardized amounts of fruit, or
following sucking or licking of standardized amounts of juice, during pre-cool
(thermode temperature 37 'C), cool (0*Q, and rewarm (37’C) conditions.
Electromyographic (EMG) activity was recorded from masseter (MA), genioglossus
(GG), anterior digastric (AD), geniohyoid (GH) and thyrohyoid (TH) muscles, and
video recordings made of orofacial movements. The incidence of swallowing
following chewing was significantly decreased during cold block (14.8%, x^test.
p<0.0001)compared to pre-cool (88.5%) and rewarm (100%) conditions. Swallowrelated EMG activity following mastication, sucking and licking was also affected,
e.g. EMG burst duration and amplitude of TH following licking were significantly
(ANOVA, p<0.05) modulated during cold block (merm±SD, 0.75±0.35s and
4.75±1.11 A/D units, respectively) compared to pre-cool (0.40±0.04s and
7.62±0.68 A/D units) and rewarm (0.44±0.05s and 7.06±0.91 A/D units)
conditions, and the interval between Ma and TH swallow-related EMG onset
following mastication was significantly increased (0.18±0.06s, ANOVA, p<0.05)
compared to pre-cool (0.11±0.03s) and rewarm (0.13±0.02s) conditions. These
data provide further evidence that die lateral pericentral cortex plays a critical role
in the initiation and regulation of swallowing in the primate. Supported by Canadian
MRC grant MT-4918.

A. J. Blood* and A. W. Toga
Laboratory of Neuro Imaging, Department of Neurology, UCLA
School of Medicine, Los Angeles, CA 90024

Optical intrinsic signal imaging was used to detect reflectance
changes in two regions of rat somatosensory cortex.
Possible
interactions of activity between barrel cortex and the forelimb region
of the primary somatosensory cortex were investigated. This was
accomplished by evaluating intrinsic signal response magnitude and
spatial extent in response to simultaneous peripheral stimulation of
single whiskers and forelimb digits.
Whisker Cl was deflected at a frequency of 10 Hz for 1 second
while vibratory stimuli of varying intensities were applied to forelimb
digits. Intrinsic signal responses to simultaneous whisker and
forelimb stimulation were compared to whisker stimulated controls.
Addition of the forelimb stimulus modulated intrinsic signal activity
by increasing or decreasing the magnitude and/or spatial extent of
responses over barrel cortex. The degree of modulation was related to
the intensity of the competing stimulus. These data suggest that
cortical responses at the level of primary sensory processing may be
significantly modified by activity in adjacent regions.

746.9

746.10

PROCESSING OF IPSILATERAL SOMATOSENSORY AFFERENTS IN
PRIMARY MOTOR CORTEX OF THE MACAQUE. M.C. Lee* and J.C.
Arezzo. Departments of Neuroscience and Neurology, Albert Einstein College
of Medicine, Bronx, NY 10461.
Direct excitatory afferents from the contralateral hand to primary motor cortex
have been demonstrated in single unit studies in primates. The contribution of
activity evoked by ipsilateral distal median nerve stimulation was explored to
investigate potential excitatory or inhibitory interactions between the bilateral
afferents in this area. Local populations of neurons in the hand representation of
area 4 in two cerebral hemispheres of an awake adult macaque monkey were
sampled with a low impedence (300-500k0hm), multicontact electrode (150-200p
spacing). Somatosensory evoked potentials (SEPs) and concomitant multiunit
activity (MUA) were measured simultaneously from up to fifteen sites within and
across laminae, and one-dimensional current source density patterns (CSD) were
calculated. Stimulation of the contralateral hand elicits an intracortical SEP
characterized by an inverting potential, P17/N17, which onsets at about 8ms. This
component is associated with a coincident excitatory burst of MUA which returns
to baseline at approximately 50ms and is followed by a subtle reduction in MUA.
Stimulation of the ipsilateral hand, however, elicits a markedly different response,
characterized by a smaller excitatory burst of MUA at about 12ms. This is
followed by a prolonged and striking 20-30% reduction below the spontaneous
firing level in MUA from about 50 to 110ms. The laminar distribution of MUA
and associated current flow in the ipsilateral response is consistent with a pattern
of excitatory input followed by the active hyperpolarization of apical dendrites of
infragranular pyramidal cells. While the timing of activity suggests that the
excitatory inputs are direct rather than callosal, the origins of the inhibitory
activity have yet to be elucidated. These data support the hypothesis that primary
motor cortex is active in response to somatosensory stimuli, and suggest that the
ipsilateral afferents may serve to sharpen the boundary between afferents from
contralateral and ipsilateral hands. Supported by MH 06723.

VESTIBULAR AND OPTOKINETIC SPATIAL TUNING IN
NEURONES OF THE PARIETO-INSULAR VESTIBULAR CORTEX
IN THE SQUIRREL MONKEY. W. Guldin* and O.-J. Grusser.
Dept. of Physiol., Freie Universitat Berlin, 14195 Berlin, Germany
The response characteristics of vestibular^ driven units in the
parieto-insular vestibular cortex (PIVC) have been tested in four
alert squirrel monkeys. Sinusoidal vestibular and optokinetic
stimulation was applied in eight different planes orthogonal to the
yaw plane. Various forms of somatosensory stimulation were
applied, such as brushing the skin, pressing different muscles,
moving different joints. The neck-muscle input was tested by
moving the body sinusoidally while the head was fixed in space.
In the PIVC-region of the squirrel monkey about 60 percent of the
units were driven by vestibular stimuli. Frequently vestibular
neurones also responded to neck-muscle stimulation, input from
other muscles or tendon or joint receptor stimulation. One third of
the PIVC-units responded to optokinetic or small-field visual
movement stimulation. Polar histograms of spatial tuning of the
vestibular driven units in the PIVC showed, as a rule, a sector of
maximal response around a preference plane. These preferred
response planes did not correspond in most cases to the planes
of the semicircular canals. Our results give evidence that the
network of the PIVC cells can be interpreted as a cortical
integrator of vestibular input from all semicircular canals. The
PIVC processes information from the vestibular, somatosensory
and optokinetic systems, which is useful in calculating the
movement of the head in space and in relation to the other parts
of the body.
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MOVEMENT REPRESENTATION IN PRECENTRAL MOTOR AND PREMOTOR
CORTEX OF OLD WORLD MONKEYS. T.M. Preuss*, I. Stepniewska and J.H.
Kaas. Dept, of Psychology. Vanderbilt University, Nashville, TN 37240.

The lateral premotor cortex of Old World monkeys has not previously
been examined in detail using intracortical microstimulation. We used
this technique to map the distribution of motor responses across the
precentral gyrus in 8 Old World monkeys (7 Macaca spp., 1
Erythrocebus patas). Animals were anesthetized with ketamine and
xylazine and current delivered with tungsten microelectrodes.
We were able to elicit responses reliably from both the dorsal and
ventral premotor areas (PMD, PMV), identified architectonically, as
well as from caudal and rostral divisions of the primary motor area
(Mlc, Mir). PMD was less responsive to stimulation than PMV or Ml,
but even in PMD, many points were responsive with currents of 40—
100 pA. We elicited hindlimb, axial, forelimb, and facial movements
from both PMD and Ml, but only forelimb and facial movements after
stimulation of PMV. Thus, we found no evidence of hindlimb
representation in PMV. The forelimb representation of PMV is bordered
medially by a zone of facial and upper axial responsiveness located in
lateral-most PMD. Stimulation yielded both proximal and distal
forelimb movements from PMD, but predominantly distal movements
from PMV. These results are largely consistent with our previous
microstimulation studies in owl monkeys, indicating that stimulation of
premotor cortex can yield discrete motor responses. Moreover, our
results do not support the widely held view that there is a caudal-torostral gradient of distal-to-proximal-to-axial representation in
precentral cortex.
[Supported by NS 16446 and JSMF #90-35].
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747.1
QUANTITATIVE CHANGES OF GABA-IMMUNOREACTIVE CELLS IN THE
HINDLIMB REPRESENTATION OF THE RAT SOMATOSENSORY CORTEX
AFTER 14-DAY HINDLIMB UNLOADING BY TAIL SUSPENSION. E.
San Jos6 St. Univ., San Jos6, CA 95192-0120, and NASA-Ames Res
Ctr.2, Moffett Field, CA 94035-1000
In the present study y-aminobutyric
acid
(GABA)
immunoreactivity was evaluated quantitatively in the hindlimb
representation of the rat somatosensory cortex after 14 days of tail
suspension (TS). The number of GABA-immunoreactive cells was
reduced in cortical layers IV, Va, Vb and VI (p<0.05, p<0.0002,
p<0.02, and p<0.03 respectively) of rats subjected to TS. In addition,
the number of GABA-containing terminals, particularly those
terminals surrounding the soma and apical dendrites of pyramidal cells
in layer Vb, also were reduced throughout the same cortical layers.
Since there was no reduction in the total neuronal density of the
hindlimb representation as compared with the control animals, we
concluded that the reduction was not due to cell death. Findings are
discussed in the context of previous morphological and behavioral
studies of the neuromuscular system of TS animals and we propose that
alterations in the reflex organization of hindlimb muscle groups that
are triggered by TS elicit disturbances in the afferent signaling and
feedback from intramuscular receptors to the cerebral cortex. We
suggest that local circuit GABAergic neurons modulate cortical output in
response to this altered afferent feedback.
Supported by NASA Cooperative Agreement NCC 2-449.

747.3
PLASTICITY IN THE CEREBELLAR EFFERENT PATHWAYS. ROLE OF
TEMPORAL
RELATIONSHIPS
BETWEEN
CONDITIONAL
AND
UNCONDITIONAL STIMULATIONS IN THE INDUCTION OF PLASTIC
CHANGES. M. Pananceau and L. Rispal-Padel. C.R. Cerveau et Cognition UMR
9940 Fac. M6d. 31062 Toulouse. France. (Spon: ENA*)
The properties of cerebellar output pathways can be modified by sensorimotor experience during the lifetime of an animal. It would appear that this
plasticity depends on the convergence of motor-related neural activity with sensory
information concerning the environment. The present study was aimed at
elucidating the importance of the temporal relationships between such sensory and
motor events in the development of these experience related changes. In chronic cats, the cerebello-thalamo-cortical and cerebellorubral motor circuits controlling
the forelimb were subjected to an associative conditioning procedure in which the
interpositus nucleus (origin of both pathways) was subjected to sub-threshold
conditioned stimulation (CS) in association with an unconditioned stimulus (UCS)
which induced a reflex flexion movement of the elbow joint.The movements
produced together with the responses in central structures were analysed during the
course of the conditioning procedure. Three different CS-UCS delays were tested.
When the CS was presented 100 ms after the UCS (UCS-CS 100) there was no effect
on either the movement or the central responses. When the CS was applied either at
the same time as the UCS (CS-UCS) or 100 ms before (CS-UCS 100), there was an
increase in both the amplitude and the probability of the motor responses. In the CSUCS situation, the motor changes were only transient, and dependent on changes in
excitability that affected the entire motor cortex. In contrast, in the CS-UCS 100
situation, the changes were topical and long-lasting and were associated with a
reinforcement of thalamo-cortical and cerebello-rubral synapses. Such changes were
specific to circuits involved in controlling the elbow joint and were strongly
correlated with the changes in the movement. They were only seen when the CS
predicted the arrival of the UCS.

Society

for

Neuroscience

, Volume

21, 1995

747.2
ROLE OF SOMESTHETIC INFORMATION IN THE PLASTICITY OF THE
CEREBELLO-CORTICAL PATHWAY. E.M. Meftah and L. Rispal-Padel*. C.R.
Cerveau et Cognition UMR 9940 Fac. M6d. 31062 Toulouse. France.
Long-lasting effects of somesthetic messages on cerebello-thalamo-cortical
(CTC) transmission and on the motor responses induced by interpositus nucleus
stimulation, were studied under associative conditions. Two a-conditioning
procedures, in association with behavioral and electrophysiological approaches,
were carried out on awake chronically prepared cats which had previously
undergone a red nucleus neurotoxic lesion. In the 1st procedure, a sub-threshold
activation of the CTC circuits controlling forearm flexion movements (conditional
stimulus CS), was associated with a cutaneous stimulation (unconditional stimulus
UCS) of the dorsum of the distal forearm. Both CS and UCS originally produce
elbow flexions. In the 2nd procedure, the same CS was paired with another UCS,
applied to a more proximal cutaneous receptive field and producing a backwards
forearm withdrawal movement, different from that induced by the CS.
Under the 1st procedure, a persistent enhancement of the amplitude of the
forearm flexions induced the CS was observed along with an increase of the
cerebello-cortical excitatory responses in the elbow area of the motor cortex. In
contrast, the 2nd procedure resulted in a decrease and the disappearence of the
forearm flexions in favor of the appearance of forearm extensions^ the amplitude of
which increased concomitantly with a depression of the cerebello-cortical excitatory
wave. A secondary inhibitory wave also developed in the cortical elbow area. These
changes were long lasting and lead to the following conclusions: The CTC circuits
are liable to undergo functional modifications in adult cats. The motor and CTC
changes may be of two types' depending on the somesthetic messages paired with the
CS. The time courses of the changes affecting the CTC transmission and the motor
responses are closely related.

747.4

RAPID CHANGES IN THE ORGANIZATION OF SENSORY AND
MOTOR EVOKED FIELDS FOLLOWING PERIPHERAL
ISCHEMIA
STUDIED BY MAGNETOENCEPHALOGRAPHY.

M.Hund. A.Rezai. E.Kronbera. J. Cappell. U.Ribarv*and R.LIinas. Dept, of
Physiol. & Neurosci., NY Univ. Med. Center, 550 First Ave, NY, NY 10016.
Magnetoencephalographic (MEG) somatosensory and motor fields of the
left hand (mostly middle finger) were recorded in five healthy subjects
before, during and after nerve conduction block of their forearms using a
pneumatic cuff. In addition, in two subjects the MEG-recording was repeated
after total lidocaine block of the left middle finger. During the first 15 minutes
of ischemia a 50% decrease of amplitudes of the sensory fields paralleled
the progressive sensory loss. Surprisingly, a reduction in the motor field
occurred as well. Source locations of the primary motor field components
shifted within an area of approximately 1 cm2. This occurred in all subjects and
had a characteristic direction for each individual. Further attenuation of field
components was seen in the following 15 minutes of ischemic nerve block.
Frequency spectrum analysis showed a suppression of motor mu rhythm as
well as a reduction in the 4 Hz band during this period. The fields regained
their baseline coordinates and amplitudes 15 minutes after cuff removal.
Lidocaine had effects on amplitudes, frequencies and dipole locations
selectively on the deafferented middle finger similar to those of ischemiainduced anesthesia, while the non-anesthetized neighboring finger showed
normal results. • These findings imply that the ischemic effects are not due to
cuff-related peripheral anoxia. The decrease of amplitudes in the motor field
components during ischemia may be explained by reduced sensory afferent
background activity. In summary, temporary peripheral deafferentation, either
due to ischemic nerve block or to lidocaine-related digital block, leads to a
rapid change in the frequency structure of sensory and motor field
components.
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747.5
MOVEMENT-RELATED NEUROMAGNETIC ACTIVITY DURING TRANSIENT DEAFFERENTATION. R. Kristeva-Feige, S.Rossi, V. Pizzella, A.
Sabato, B.Feige, F. Tecchio, J. Edrich and P.-M. Rossini. Inst. Biomed. Engin., Univ. Ulm, 89069 Ulm, Germany. (SPON: EUROPEAN BRAIN AND
BEHAVIOUR SOCIETY).
The present study was aimed at investigating the effect of blocking cutaneous input from the moving part of the body on movement-evoked field
one (MEFI).
Neuromagnetic fields from the left cerebral hemisphere of three healthy,
right-handed subjects were investigated preceding and accompanying voluntary right index finger movements under two different experimental conditions: before (stage A) and during (stage B) transient deafferentation. The
last was achieved by anesthetic block of median and radial nerves at the
wrist. In this way, during stage B cutaneous and part of the proprioceptive
inputs relative to a wide hand area including the entire index finger were
suppressed. The voluntary movements were not impaired because the
muscles participating in the task were not influenced by the anesthesia.
The magnetic signals of the brain sources corresponding to the main components of the movement-related fields (motor field, MF and movementevoked field I, MEFI) were mapped and localized by means of a moving dipole model. In the three subjects investigated, the MF and MEFI dipole
sources in stage B were stronger (30% on average) than before anesthesia.
No significant changes in component latencies and spatial co-ordinates of
the estimated dipole sources between stages A and B were observed.
The results are discussed in terms of three hypotheses not mutually excluding each other: „efference copy" hypothesis, spatial attention hypothesis
and plasticity hypothesis.

WEDNESDAY PM

747.6
DIFFERENTIAL PATTERNS OF INTRINSIC MOTOR CORTEX PROJECTIONS
AS A SUBSTRATE FOR CORTICAL MOTOR MAP PLASTICITY. J.W. Tullai*
and G.W. Huntley. Fishberg Reseach Center for Neurobiology, Mount Sinai School
of Medicine, New York, NY 10029.
Reorganization of representational sensory and motor maps in the cerebral cortex
can be induced quickly under activity-dependent conditions. In rat motor cortex,
transection of the facial nerve leads to a rapid, limited expansion of parts of the
forelimb representation into the former whisker representation (Sanes et al., PNAS
85;1988). The connections which mediate such changes may involve intrinsic,
horizontally-oriented pyramidal cell axon collaterals which can extend for long
distances in motor cortex and cross map boundaries. To investigate whether
intrinsic axons are anatomically positioned to mediate and constrain the extent of
rapid changes in cortical motor maps, we combined electrical stimulation
techniques and anterograde tract-tracing methods in adult rats to correlate the
patterns of intrinsic projections with the occurrence and extent of the forelimb
border shift induced after facial nerve transection. After nerve cut, small,
iontophoretic injections of anterograde tracer (HRP or biocytin) were placed either
into former whisker regions exhibiting novel forelimb activity, or into former
whisker regions adjacent to the forelimb representation (within 0.3 - 1.0 mm), but
from which no movement could be evoked even at high stimulation currents (60-80
pA). Injections placed into whisker regions exhibiting novel forelimb activity gave
rise to large numbers of labeled axons and terminal boutons which extended back
into the whisker representation as well as ones which crossed the forelimb/whisker
border and extended several mm within the forelimb representation. In contrast,
injections placed into whisker regions close to the border but from which no activity
could be evoked gave rise to labeled axons and terminal boutons which remained
mostly restricted to the whisker representation, with few or no axons that crossed
the forelimb/whisker border. These data support the hypothesis that the occurrence
and extent of motor map plasticity may be constrained by the pattern of intrinsic
connections which exist between adjacent representations. (Supported by grants
from the Aaron Diamond Foundation and the Sinsheimer Foundation).

747.7

747.8

NMDA RECEPTOR ANTAGONISTS REVERSIBLY BLOCK PLASTICITY OF
ADULT MOTOR CORTEX REPRESENTATIONS. G.W. Huntley 1*. F. Liane2. T.M.
Woods2. J.W. Tullail. and E.G. Jones2. 1 Fishberg Res. Ctr. for Neurobiology, Mt.
Sinai Sch. of Med., New York, NY 10029; 2 Dept, of Anatomy & Neurobiology,
University of California, Irvine, CA 92717.
NMDA receptors have been strongly implicated in forms of synaptic plasticity
such as LTP, but any role they may play in the mechanisms contributing to activitydependent changes in neocortical representational maps is unknown. To investigate
the role of NMDA receptors in motor cortex plasticity, we utilized a previously
described paradigm (Sanes et al., PNAS 85; 1988) in which transection of the facial
nerve induces a rapid expansion of the cortical forelimb representation into the
former whisker representation. The motor cortices of adult rats were first mapped
using low-threshold electrical stimulation techniques to evoke movements, then
exposed to antagonists (D-APV or MK-801) via slow-release from the polymer
Elvax (DuPont) implanted subdurally. After a 2-7 day exposure period, the
contralateral facial nerve was cut, and 2-4 hours later the Elvax was removed and
the cortex was immediately re-mapped. Forelimb movements were evoked reliably
from all previously mapped forelimb positions at comparable thresholds, but no
movements could be evoked from the previously mapped whisker region even at
high stimulation currents (60-80 pA). After a 4 hour saline-drip to wash out the
drug, the motor cortex was again re-mapped, at which time low-threshold forelimb
movements were evoked from all previous forelimb positions as well as new spots
corresponding to regions of the former whisker representation. The current
thresholds were not statistically different from those obtained in the first mapping.
Motor cortices exposed to control solutions (saline or the inactive stereoisomer LAPV) exhibited a forelimb border shift at the first mapping immediately after facial
nerve cut. These data suggest that NMDA receptors may be a critical component of
the synaptic connections which underlie rapid changes in cortical representational
maps, and their functional activation may emerge under conditions in which
plasticity is induced. (Supported by grants from the Aaron Diamond Foundation,
the Sinsheimer Foundation and NS21377).

DIFFERENTIAL EFFECTS OF SKILL ACQUISITION AND MOTOR USE ON
THE REORGANIZATION OF MOTOR REPRESENTATIONS IN AREA 4 OF
ADULT SQUIRREL MONKEYS. E.J. Plautz*. G.W. Milliken, & R.J, Nudo. Dept,
of Neurobiology & Anatomy, Univ. of Texas Medical School, Houston, TX 77225.
Previous research has shown that representations in primary motor cortex (area
4) are alterable by behavioral experience (e.g.: Milliken, et al., 1992; Nudo, et al., in
press). In the present study, we attempted to dissociate effects of motor skill
acquisition from effects of motor use. Intracortical microstimulation techniques were
used to derive detailed maps of movement representations of the hand, wrist, and arm in
area 4 before and after two types of motor training.
Monkeys were trained to retrieve food pellets from either a small well (9.5 mm
diameter) or a large well (19 mm diameter) in a Plexiglas board (Kliiver board). Motor
performance was assessed by: a) average number of digit flexions per pellet retrieval and
b) frame-by-frame video analysis of movements and movement combinations made
during pellet retrieval. Training continued until a criterion number of total flexions had
been performed. Monkeys trained on the small well displayed poor performance
initially but rapidly improved during the training period. Improvement in behavioral
performance was paralleled by a change in .movements used during pellet retrieval. In
contrast, monkeys trained on the large well exhibited nearly flawless retrieval
performance throughout the training period and little variation in retrieval movements.
A third group of control subjects were not exposed to the training task.
Following small well training, post-training maps revealed areal expansions in
the representations of digit movements and digit/wrist combination movements. These
expansions closely paralleled the movements used during successful task performance.
In contrast, no systematic changes were found in digit or wrist representations
following large well training, despite an equivalent number of total digit flexions.
Similarly, control subjects showed little variation in movement representations
between mapping sessions. These findings suggest that the reorganization of motor
representations in area 4 reflects the acquisition of new motor skills, and does not
simply reflect changes in motor use.
This work was supported by NIH NS 09366 (GWM) and NS 27974 (RJN).

747.9

747.10
LIMITED MOTOR CORTEX REORGANIZATION IN A LONG-TERM
MONKEY AMPUTEE. M. H. Schieber1*. T. W. Anderson- and R. K. Deuel2.
Departments of Neurology and of Neurobiology, University of Rochester,
Rochester, NY, 14642 and 2washington University, St. Louis, MO, 63110.
After forelimb amputation in neonatal rats, the primary motor cortex (Ml)
reorganizes such that stimulation in the previous forelimb region can evoke
movements of the face (Donoghue & Sanes, 1988). But in adult rat or human
amputees, stimulation of the Ml upper extremity region evokes only enhanced
contractions of remaining shoulder stump muscles (Sanes et al., 1990; Cohen et
al., 1991). We studied Ml in a 15 year old monkey that for unrelated reasons
prior to age 2 had undergone amputation of the right arm at the shoulder joint.
We used intracortical microstimulation (ICMS) to explore the region of
Ml normally devoted to the arm and hand bilaterally, and to identify its borders
with the face region laterally and the leg region medially. In the right Ml,
conventional ICMS evoked movements of the left face, arm and leg at current
thresholds at or below 40pA; the locations of the face/arm and arm/leg borders
were normal. In the left Ml contralateral to the amputated right arm, ICMS
similarly evoked movements of the right face and leg from typical locations at
normal current thresholds. But within the left Ml arm region, ICMS failed to
evoke movements of body parts other than the remaining right shoulder stump.
Modified ICMS using currents up to 80pA and trains up to 200ms also failed to
evoke movements of the right face, neck, abdomen or leg, or of the left arm.
The Ml arm region contralateral to this monkey's amputation was not
reorganized to represent the face or leg. Instead, shoulder stump movements
were evoked throughout the arm region, which may have resulted from
unmasking of the. normal widespread shoulder representation. Species, age at
amputation, and/or time since amputation, may affect Ml's reorganization.
Support: NINDS R01-NS27686 to MHS; NSF 921-039-7 to RKD, McDonnell.

RECOVERY OF FINGER MOVEMENT REPRESENTATION AFTER DISTAL
FORELIMB RESTRICTION IN ADULT SQUIRREL MONKEYS.
G.W. Milliken*. E.J, Plautz. & R.J Nudo. Department of Neurobiology &
Anatomy, University of Texas Medical School, Houston, TX 77225.

Using intracortical microstimulation techniques, detailed maps of movement
representations in primary motor cortex (area 4) were derived before, during, and after
restriction of the preferred distal forelimb. Consequences of distal forelimb restriction
on the functional topography of motor cortex involved decreases in finger and
increases in wrist representation (Milliken, et al., 1994, Soc. Neurosci. Abs., 20,
1394).
In the present study, we examined behavioral and neurophysiological correlates to
motor recovery following removal of forelimb restriction. Behavioral recovery was
evaluated using a Kliiver board pellet retrieval task. By 78 days, 2 of the 3 subjects
had returned to use of their previously restricted and preferred (PRP) hand.
Subsequent motor mapping experiments revealed that for these 2 subjects the area of
the restriction-diminished finger representations had increased substantially and
approximated the baseline finger area. The third subject did not display use of his
PRP hand and showed no finger representation recovery at 78 and 161 days post
restriction. To force this subject to use his PRP hand, we restricted the contralateral
forelimb and generated a motor map after 57 days of use. Forced rehabilitation caused
recovery of 86% of the finger representation.
These results indicate that recovery of finger representation in primary motor
cortex is related to behavioral use of the PRP hand, and that recovery can occur with
forced rehabilitation.
Supported by NIH NS 09366 (GWM) and NS 27974 (RJN).
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747.11
LEARNING AND RETENTION OF A NEOCORTICALLY-DEPENDENT
SENSORIMOTOR SKILL IN THE RAT. Michael Coogan*. John Larson. &
Gary Lynch. CNLM, Univ. Calif., Irvine, CA 92717.
Traditional models of cortical control of fine, distal limb movements have
typically been limited to primate species. However, rats can be trained to use
their forepaws to grasp and retrieve small food pellets, and this behavior is similar
to the manipulative behaviors of primates. Neuroanatomical and behavioral
studies support the notion that rats can serve as a model of primate motor skill
learning and performance, and that the normal and pathological reaching
behaviors of rats are likely to be directly applicable to the understanding • of
human cortical pathophysiology. The present experiments describe a paradigm
for examining the neural substrates of forelimb reaching behavior in rats.
Adult, male Sprague-Dawley rats were trained to reach for food rewards in
an apparatus originally designed by Montoya et al. (1991). This apparatus
provides for varying degrees of difficulty in reaching skill. Rats were given a single
training trial each day. Analysis of group data suggests that acquisition of this
skill is qualitatively and quantitatively similar to acquisition of sensorimotor skills
in humans. Analysis of individual learning curves revealed that acquisition of the
task consists of three phases, each associated with a plateau of performance.
Once acquired, the skill is retained for at least three weeks without practice.
Unilateral sensorimotor cortex ablations profoundly impair performance on
this task and, while some recovery occurs, there is a residual deficit in motor
control of the contralateral forepaw that is stable for at least five weeks.
Videoanalysis demonstrates separate sensory and motor impairments in lesioned
rats that are qualitatively similar to those seen in humans following traumatic
neocortical damage. Methodological advantages of this paradigm will be
discussed, and further applications of this model to the study of human clinical
syndromes will be proposed. (Supported by AFOSR, ONR, and NIH).
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748.2

LONGTERM CORTICAL AND STRIATAL SLICE COCULTURES: ANATOMY AND ELECTROPHYSIOLOGY OF
IDENTIFIED NEURONAL TYPES. B.Teng. D. Plenz. Y. Kuga* and
S.T. Kitai. Department of Anatomy and Neurobiology, University of Tennessee,
College of Medicine, Memphis, TN 38163.
To study cortico-striatal dynamics an in vitro system has been developed
using organotypic cortex-striatum co-cultures. Previous work showed that the
spontaneous activity developing in this system proves to be highly similar to
the ones found in vivo. Here we further examine the electrophysiological and
morphological properties of neurons in longterm (> 4 weeks) co-cultures.
Furthermore, as local intemeurons were found to profoundly influence cortical
and striatal dynamics, a special effort was undertaken to reconstruct those
intemeurons.
Cortical and striatal slices from rat P0 - PI were cultured for
four to eight weeks using a modified roller-tube technique. Neurons were
intracellularly recorded from, electrophysiologically identified and labeled with
neurobiotin.
In the cortex, pyramidal neurons, bipolar and multipolar intemeurons show
similar dendritic and axonal morphologies as in vivo. In the striatum, the giant
aspiny intemeuron class, two GABAergic intemeuron classes and medium-spiny
projection neurons can be clearly distinguished from each other and are similar to
in vivo. These results indicate a high degree of similarity in the
electrophysiology and morphology between neurons in longterm slice cocultures and in vivo.
Supported by ‘Deutsche Forschungsgemeinschaft’ and USPHS grant NS
20702.

CORTEX AND STRIATUM SLICE CO-CULTURES: POPULATION
ACTIVITY UNDERLIES HIGH FREQUENCY SUBTHRESHOLD
OSCILLATIONS WHICH GOVERN SPIKE DISCHARGE.
D. Plenz
and S.T. Kitai*. Department of Anatomy and Neurobiology, University of
Tennessee, College of Medicine, Memphis, TN 38163.
It has been hypothesized that a brief synchronization of spike discharge among a
group of neurons is one of the basis for neuronal coding and among cortical neurons
has been observed to be ~40 Hz.
In order to study cortico-striatal information processing and the underlying
mechanisms of synchronized spike discharge, we have established longterm (4 - 8
weeks) organotypic cortex-striatum co-cultures from rats at age P0 - PL
Simultaneous intracellular recordings were obtained from neurons in the cortex, the
striatum or both. Neurons were identified based on their electrophysiological
characteristics and their morphological features were revealed by intracellular labeling
with neurobiotin.
Findings indicate: (1) In the cortex during periods of spontaneous activity, brief
(0.5 - 1.5 s) -40 Hz subthreshold oscillations were observed to which pyramidal
neuron spike discharge is temporally linked. (2) In the striatum, medium-spiny
neuron spike discharge is temporally linked to > 20 Hz subthreshold oscillations. (3)
In both structures, spike discharge of GABAergic intemeurons was closely associated
with subthreshold oscillation frequencies.
These results indicate that: (1) The -40 Hz subthreshold oscillation in the cortex
is an emergent property of the cortical network itself. (2) Burst activities (~20 Hz)
of striatal medium-spiny projection neurons may be governed by the striatal
network, which is driven by cortical inputs. (3) Subthreshold oscillation frequencies
in each structure result from population activity in which local GABAergic
intemeurons strongly participate.
Supported by Deutsche Forschungsgemeinschaft’ and USPHS grant NS 20702.

748.3

748.4

Electrophysiological Characterization of Immunocytochemically
Identified Neurons in the Rat Substantia Nigra Pars Reticulata In
Vitro. C.D. Richards. T. Shirovama* and S.T. Kitai. Department of
Anatomy and Neurobiology, University of Tennessee, College of Medicine,
Memphis, TN 38163.
Previous studies on the substantia nigra pars reticulata (SNr) have identified two
groups of neurons based upon their electrophysiological characteristics. However,
the transmitter phenotype of each of these two neuronal classes is unknown. The
aim of this study was therefore to record from neurons in the SNr and characterize
them electrophysiologically, and subsequently to identify these neurons using
immunocytochemical double labelling techniques.
Intracellular recordings were performed in slices of midbrain containing the SNr,
prepared using standard techniques. Electrodes contained neurobiotin, which was
injected into neurons subsequent to electrophysiological characterization. Two
electrophysiological classes of neurons were identified. One had a slow rate of action
potential discharge, long duration action potentials, and prominent anomalous inward
(Ih) and transient outward (I a ) rectification. The other had a faster rate of action
potential discharge, shorter duration action potentials, weak Ij, and no apparent Ia -

A FURTHER CHARACTERIZATION OF RAT TEGMENTAL
PEDUNCULOPONTINE (PPN) CHOLINERGIC NEURONS. L
Takakusaki*. T. Shirovama and S.T. Kitai. Department of Anatomy and
Neurobiology, University of Tennessee, College of Medicine, Memphis, TN 38163.

Both types of neuron were subsequently processed immunocytochemically to
reveal the injected biocytin.
The former type of neuron, which had
electrophysiological characteristics similar to substantia nigra pars compacta
neurons, displayed double labelling for biocytin and tyrosine hydroxylase, indicating
that they are dopaminergic. The latter, faster firing type of neuron is currently being
processed immunocytochemically to determine the presence or absence of glutamic
acid decarboxylase (Ga D), the marker enzyme for GABAergic neurons.

This study indicates that the SNr contains two classes of neuron which can be
distinguished using intracellular recording and electrophysiological criteria.
Supported by USPHS grants NS 20702 and NS 26473.
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We have demonstrated that PPN Type II neurons are cholinergic and characterized
by a transient outward current in in vitro slice preparations (Kang and Kitai, Brain
Res. 1990). In this study, Type II neurons (n=69) were classified into 2 subgroups
according to their electrical membrane characteristics. One group (short-duration
neurons; SDNs, n=21) was characterized by short duration spikes (0.7-1.5 ms), a
high spontaneous firing rate (m=14 Hz) and high input resistance (m=230 MO).
Depolarizing current injection increased the firing rate of these neurons with no
alterations in duration or fast-AHP of spikes. The other group (long-duration
neurons; LDNs, n=48) was characterized by long duration spikes (1.6-2.8 ms), a low
firing rate (m=7.8 Hz) and low input resistance (m=140 MQ). They displayed
accommodation of firing frequency with changes in spike duration and fast-AHP. In
the presence of TTX (<10 pM), SDNs displayed Ca-dependent high threshold
oscillations (HTO) with high frequency (m=13.5 c/s) and low voltage (m=2.8 mV).
LDNs had low frequency (m=7.5 c/s) and large amplitude (m=5.2 mV) HTO. An
application of TEA (5 mM) generated spontaneous high threshold Ca-spikes in
LDNs but not in SDNs.
Biocytin injection combined with ChAT
immunohistochemistry revealed 60% of each subtype of neurons were cholinergic.
Morphologically, SDNs had small cell bodies (<20 pm) with 2-4 thin primary
dendrites and LDNs large cell bodies (>25 pm) with 3-6 thick primary dendrites.
Both groups of cells were intermingled within PPN. These results suggest that
PPN cholinergic neurons are composed of heterogeneous subgroups of neurons with
different membrane characteristics and morphology. Supported by USPHS grants
NS20702 and NS26473.
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748.5
CORTEX-STRIATUM-MESENCEPHALON SLICE CULTURES
AS A MODEL FOR ANALYSIS OF FOREBRAIN DYNAMICS. S.T.

Kitai. D. Plenz and E.F. Johnson*. Department of Anatomy and Neurobiology,
University of Tennessee, College of Medicine, Memphis, TN 38163.
Dopamine influences cortical and striatal activity at the single neuron level as
well as at the neural network level. In previous work it has been shown that the
spontaneous network activity developing in organotypic cortex-striatum co-cultures
is highly similar to the ones found in vivo. Here we extend this in vitro system
analysis of cortical-striatal dynamics by including dopaminergic projection neurons
from the substantia nigra pars compacta (SNc) and the ventral tegmental area (VTA).
Cortical, striatal and mesencephalic (SNc/VTA) slices from rat P0 - PI were
cultured for up to 8 weeks using a modified roller-tube technique. Triple-cultures
were stained for tyrosine hydroxylase (TH) immunoreactivity.
After three weeks in culture TH-positive neurons were found in the
mesencephalic tissue region. A high abundance of TH-positive fibers are present in
the cortex and the sriatum. Intracellular recordings from 7 week old striatal neurons
show that they respond to SNc/VTA, cortical and intrastriatal stimulation, each with
unique features.
We propose that the triple-culture will provide a powerful in vitro approach to
study the role of dopaminergic systems in cortico-striatal network dynamics.
Supported by ‘Deutsche Forschungsgemeinschaft' and USPHS grant NS20702.
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748.6
SOMA-DENDRITIC DOPAMINERGIC (DA) MODULATION OF ACTIVATED
PREFRONTAL CORTEX-+NUCLEUS ACCUMBENS (PFC->NAC) NEURONS
IN VITRO. Gorelova. N.. Yana. C.R.. & Seamans. J.K. Dept, of Psychology, &
Psychiatry, Univ. of British Columbia, Vancouver, CANADA,V6T 1Z4.
Corticostriatal pyramidal neurons in deep -layers V-VI of the PFC link the
NAC and receive the mesocortical DA input. This PFC-+NAC pathway may
be an important route via which DA modulation of PFC signals encoding for
cognitive processes is translated into actions. To evaluate the underlying
mechanisms of DA modulation in PFC-»NAC neurons, we have made
biocytin-intracellulna recordings in: a) antidromical^ activated PFC neurons
that responded to NAC stimulations in brain slices, and b) PFC slices
prepared from rat which received prior micyoinjection of the retrograde tracer
rhodamine beads in the NAC.
Bath applications of DA D1 agonist (SKF38393;10-50pM), but not D2
agonist (qunpirole), enhanced the excitability of intrinsic bursting PFC-»NAC
neurons in response to depolarizing pulses via its interactions with two
opposing voltage-dependent currents: 1) a direct suppression of a
deddrotoxid (50nM)-* and 4AP(0.1-2mM)-sensitive, outwardly rectifying,
slowly inactivating K* current, but 2) a direct augmentation of a somatic,
TTX-sensitive, inwardly rectifying, slowly inactivating Na* current.
On the other hand, the regenerative dendritic high-threshold Ca2* spikes
(HTS) (in TTX+TEA) or the Ba2* plateau potentials (recorded when [Ca2*]0
were substituted by Ba2* to prevent [Ca2*]0 auto-idhiOitiod of HTS) were
suppressed markedly by SKF38393. Furthermore, D2 receptor stimulations
by quinpirole (50pM) following glutamate receptor blockade (by 10pM CNQX
and 50pM APV) increased transiently the frequency of GABAergic IPSPs.
Hence, D1 receptor activation augments input signals reaching the deep
layer somatic region via its interactions with the slow K* and Na* currents.
D1 receptor stimulation also suppresses the overall HTy-ampiification of
associative input signals to the apical dendrites (in layers l-ll) of the deep
layers V-VI PFC-»NAC neurons. In addition, D2 receptor activation of the
GABAergic idtemeurods attenuated the excitability of the PFC->NAc
neurons. (Funded by B.C.Health Research Foundation & MRC of Canada)

748.8

DOPAMINE (DA) MODULATION OF POST-SYNAPTIC RESPONSES IN
LAYER V-VI RAT PREFRONTAL CORTEX (PFC) NEURONS EVOKED
BY SYNAPTIC ACTIVATION OF THEIR APICAL DENDRITES IN VITRO.
C. R.Yang* & J.K. Seamans. Dept.of Psychology, & Psychiary, Univiversity
of British Columbia, Vancouver, B.C., V6T 1Z4
Activation of NMDA receptors in the dendrites of pyramidal neurons
promotes Ca2+ influx through dendritic NMDA receptors and high-voltage
activated Ca2* channels. We have previously shown (Yang and Seamans,
Soc. Neurosci. Abst, 1994) that DA D1 receptor stimulation suppressed
dendritic high threshold Ca2+ spikes (HTS) evoked by intracellular
depolarizing current pulses in PFC cells. To determine the functional
interactions of D1 receptor with HTS arising from synaptically-evoked,
NMDA receptor-mediated EPSPs, the effects of the D1 agonist
(SKF38393) and antagonist (SCH23390) were studied in intracellularly
recorded PFC neurons in rat brain slices (QX-314 (100mM)-filled
electrodes in bicuculline (10pM), CNQX(10pM), Vm held at -60mV).
Lower frequency (0.02-0.1 Hz) electrical stimulation of the superficial
layers l-ll, where • the apical dendrites of the layer V-VI neurons are located,
synaptically evoked an eartv NMDA-receptor mediated EPSP, followed by
a late, low amplitude, Ca -mediated component. This late component
developed into an HTS at higher stimulation intensities. Bath-application of
SKF-38393 (30-60pM) reduced, while SCH-23390 augmented, the duration
of the late Ca2* components. Higher frequency stimulation (>0.2Hz)
markedly attenuated the late Ca7* components perhaps due to an
inactivation of the voltage-gated Ca channels by the elevated [Ca ]
under this condition At high frequency stimulations (£1Hz ), only the initial
NMDA component persisted and SCH-23390 (20-50pM) reversibly
attenuated (28%) the amplitude of this isolated NMDA component. These
data suggest that synaptically-released DA activates D1 receptors to
potentiate NMDA signals. Additional DA suppression of the overall dendritic
signal amplification mediated by the synaptically-evoked dendritic Ca HTS results in a selective “sharpening” of the potentiated NMDA signals.
(Funded by B.C.H.R.F. & M.R.C.of Canada).

D1 DOPAMINE RECEPTOR-INDUCED IMMEDIATE EARLY GENE
EXPRESSION IN THE DOPAMINE-DEPLETED STRIATUM IS LARGELY
INDEPENDENT OF EXCITATORY AFFERENT INPUT AND ACTION
POTENTIALS. K.A. Keefe* and C.R. Gerfen. Laboratory of Systems
Neuroscience, NIMH, Bethesda, MD 20892
Cortical Input to striatum produces excitatory post-synaptic potentials
and action potentials in striatal efferent neurons mediated primarily by
the AMPA subtype of glutamate receptor. Activation of D1 dopamine
receptors modifies the response of striatal neurons to cortical input.
Although expression of immediate early genes often is used as a marker of
neuronal activity, the extent to which Dl-mediated induction of
immediate early genes in striatum reflects enhanced neuronal activity to
excitatory input remains unclear. We therefore examined the effects of
intrastriatal administration, via in vivo microdialysis probes, of CNQX
or TTX on induction of immediate early genes by D1 receptor stimulation in
dopamine-depleted rats. Local infusion of AMPA into striatum induced cfos and zif268 throughout striatum and, in some cases, throughout the
ipsilateral cerebral cortex. Co-infusion of CNQX with AMPA blocked the
induction, suggesting that CNQX effectively blocks AMPA receptors.
However, infusion of CNQX (10 pM - 1 mM) did not alter induction of
zif268 or c-fos by SKF 38393, except at the highest concentration where
variable effects on c-fos expression were observed. Similarly, when SKF
38393 was injected during perfusion of striatum with TTX, induction of
zif268 was not affected. Expression of c-fos showed a small (23%), but
significant decrease. These data suggest that induction of zif268 and c-fos
by SKF 38393 in the dopamine-depleted striatum is largely independent of
input through the AMPA subtype of glutamate receptor and action
potential activity in striatum.

748.9

748.10

ENKEPHALIN INHIBITS IMMEDIATE-EARLY GENE EXPRESSION
INDUCED BY BLOCKADE OF D2 DOPAMINE RECEPTORS IN STRIATUM.
H. Steinerr, R, Mariotti and C. R, Gerfee. LLaoratory of Syytems
Neuroscience, NIMH, Bethesda, MD 20892.
Recent studies showed that dync^n, an opioid peptide contained in
strintoeigrnl projection neurons, regulates dopamine input to these
neurons. This opioid-dopamine interaction was demonstrated by using
induction of immediate-early genes (lEGs) by dopamine receptor
stimulation as a functional marker. Striatal neurons that project to the
globus pallidus express D2 dopamine receptors and contain the opioid
peptide enkephalin. In the present study, we investigated whether
enkephalin has an nutoregulntory function in strintopnllidnl neurons
similar to dynorphin in strintodigrnl neurons. Thus, we examined
whether enkephalin or agonists inhibit I EG induction by a D2 dopamine
receptor antagonist in strintopnllidnl neurons. Gene expression was
assessed by quantitative in situ hybridization histochemistry. Acute
injection of the D2 antagonist eticlopride results in rapid induction of
the lEGs c-fos and zif 268. Repeated treatment (1x/day, 1-5 days)
with the D2 antagonist produced an increase in expression of
enkephalin that was paralleled by suppressed inducibility of lEGs.
Moreover, infusion of the delta opioid receptor agonist DADLE (0.05-5
nmol) into the striatum suppressed I EG induction by acute eticlopride.
These results suggest that enkephalin acts in the striatum to blunt
activation of strintopnllidnl neurons by D2 blockade and that increased
enkephalin expression after repeated D2 antagonist treatment is a
compensatory response to limit overnctivntiod.

SYSTEMIC BUT NOT INTRASTRIATAL INJECTION OF THE MUSCARINIC
AGONIST, OXOTREMORINE, INDUCES CORTICAL AND STRIATAL
IMMEDIATE EARLY GENE EXPRESSION. L.K. Nisenbaum*. S.T. Kitai. and
C.R. Gerfen. Dept. of Anatomy & Neurobiology, Univ. of Tennessee, College of
Medicine, Memphis, TN, and Section on Neuroanatomy, NIMH, Bethesda, MD.
Acetylcholine and dopamine have been hypothesized to interact within the
striatum to influence the output neurons of this structure. Both dopaminergic
agonists and muscarinic antagonists alter the expression of enkephalin and substance
P mRNA expression in the dopamine-depleted striatum. We have previously
demonstrated that whereas local stimulation of dopamine receptors mimics the effect
of systemic drug administration, striatal infusion of a muscarinic antagonist does
not alter striatal peptide gene expression.
To examine the role of muscarinic receptor activation in immediate early gene
regulation, we have used in situ hybridization histochemistry to measure the effect
of systemic and intrastriatal muscarinic drug administration in normal and 6hydroxydopamine- (6-OHDA) lesioned rats. Systemic injection of oxotremorine
(0.5 mg/kg, i.p.) produced an increase in cortical and striatal c-fos and zif268
expression in normal animals. In 6-OHDA-lesioned rats, the induction of c-fos and
zif268 by systemic oxotremorine was significantly reduced. In contrast, intrastriatal
infusion of oxotremorine (50 pmol in 0.5 pi) did not increase c-fos or zif268
expression in either the striatum or the cortex of normal or 6-OHDA-lesioned rats.
To examine the tonic influence of muscarinic receptor activation on immediate early
gene expression, the effect of systemic and intrastriatal administration of the
muscarinic antagonist, scopolamine, was tested. No effect of scopolamine was
observed on c-fos or zif268 expression in control or 6-OHDA-lesioned rats. These
data demonstrate that extrastriatal activation of muscarinic receptors is responsible
for the induction of immediate early genes by oxotremorine. In addition, the lack of
effect by either systemic or intrastriatal scopolamine administration suggests that
immediate early gene expression is not tonically regulated by acetylcholine.
Supported by USPHS grants NS26473, NS09362.
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748.11

STRIATAL EXPRESSION OF ZIF 268 mRNA TO ACUTE 5HT-2A AND
5HT-2C RECEPTOR STIMULATION AFTER UNILATERAL LESIONING OF
THE NIGROSTRIATAL PATHWAY. R. F. Paletzki* and C. R. Gerfen.
Laboratory of Systems Neuroscience, NIMH, Bethesda, MD 20892.
The striatum receives a dopamine projection form the substantia
nigra and a serotonin projection from the dorsal raphe. Whereas
dopamine differentially modulates the function of connectionally
distinct striatal neurons, the influence of serotonin on striatal
neurons is less understood. In this study the effect of serotonin, via
the 5HT-2A and 5HT-2C receptors, on striatal neuron function was
investigated in the presence and absence of endogenous dopamine input.
Rats were given a single injection of either ±DOI or mCPP (0,1,10
mg/kg) 3 weeks following unilateral lesion of the dopaminergic
nigrostriatal pathway. Alterations in striatal neuron function were
determined by measuring changes in expression of the immediate early
gene zif 268 mRNA by in situ hybridization with 35S-labeled
oligonucleotide probes. ±DOI, which has higher affinity for 5HT-2A
over 5HT-2C receptors, increased expression of zif 268 in the
lesioned striatum, while producing smaller changes in the intact
striatum. mCPP, which has greater affinity for the 5HT-2C receptor,
significantly reduced zif 268 mRNA expression in the lesioned
striatum, but had little effect on the intact side. These data indicate
that serotonin differentially affects striatal neuron function via the
5HT-2A and 5HT-2C receptors. The 5HT-2A receptor appears to
increase striatal neuron function, whereas the 5HT-2C receptor
appears to decrease striatal neuron function. Furthermore, these data
demonstrate that dopamine can reduce the response of striatal neurons
to serotonin receptor stimulation.

748.12
GAP-43 EXPRESSION IN THE STRIATUM AFTER
THERMOCOAGULATORY AND ASPIRATION LESIONS OF
THE SENSORY-MOTOR CORTEX: AN ULTRASTRUCTURAL
STUDY. Kunihiro Uiyu*. Larami MacKenzie and Marie-Francoise
Chesselet. Dept of Pharmacology, University of Pennsylvania ,
Philadelphia, PA 19104 USA
We have previously reported (Szele et ak , J. Neurosci., in press) that expression of GAP-43, an axonal protein enriched in growth cones and
sprouting axons, is decreased in the striatum after unilateral lesions of the
sensory-motor cortex induced by acute aspiration, but not after progressive lesions induced by thermocoagulation of pial blood vessels. We have
examined GAP-43 immunostaining at the ultrastructural level in the striatum
of rats 16 days after both types of lesions. Both lesions induced similar loss
of all layers of the sensory-motor cortex . In control rats, GAP-43 immunoreactivity in the dorsolateral striatum was most often associated with axon
terminals enriched in varied-sized clear vesicles (Growth cone-like structures). These processes occasionally formed asymmetric contacts with
dendritic spines. GAP-43 immunoreactivity was also present in pre- and
terminal segments of axons, and to a lesser extend in axon terminals forming asymmetrical and symmetrical synapses and in dendritic spines. After
aspiration lesions, extensive degeneration was present in the denervated
dorso-lateral striatum; GAP-43 immunoreactivity was undetectable, and
growth cone-like axon terminals were absent. In contrast, expression of
GAP-43 and growth cone like axon terminals similar to those seen in controls were present in the dorsolateral striatum after thermocoagulatory
cortical lesions. Taken together with data showing increased labeling of
crossed corticostriatal projections after thermocoagulatory lesions
(Napieralski et al., this meeting), the data suggest that compensatory axonal
sprouting occurs in the dorsolateral striatum after thermocoagulatory but
not aspiration cortical lesions. Sup. by NS29230.

748.13

748.14

A ROLE FOR CONTRALATERAL CORTICOSTRIATAL
NEURONS IN THE EFFECTS OF THERMOCOAGULATORY
LESIONS OF THE CORTEX ON STRIATAL GENE
EXPRESSION. J.A. Napieralski*. A.K. Butler, and M-F. Chesselet. Dept.
of Pharmacology, Univ. of Penn., Phila, PA 10104
Previous studies in our laboratory have shown that cortical lesions
induced by thermocoagulation of pial blood vessels, but not by acute
aspiration, result in 1) the preservation of control levels of GAP-43 and 2) a
prolonged increase in neurotransmitter gene expression in the denervated
dorsolateral striatum. We have examined whether corticostriatal projections
from the spared homotypic contralateral cortex contribute to these effects.
Adult rats received a unilateral lesion of the cerebral cortex and, after thirty
days, received an injection of the anterograde tracer, Ruby red, in the
contralateral homotypic cortex. Rats were sacrificed 7 days later and labeled
fibers were examined with fluorescence microscopy in the ipsilateral and
contralateral striata. Ipsilateral corticostriatal projections were labeled in
lesioned and unlesioned rats. Numerous labeled fibers were detected in
the contralateral striatum of lesioned but not control animals, suggesting
that contralateral cortical neurons may undergo axonal sprouting in the
denervated striatum. To determine whether contralateral corticostriatal
fibers play a role in the changes in gene expression in the striatum induced
by the cortical lesion, the effects of unilateral and bilateral
thermocoagulatory lesions of the cortex were compared. In situ
hybridization histochemistry revealed an increase in the enkephalin mRNA
levels in the striatum of unilaterally but not bilaterally lesioned animals,
suggesting that sprouting or over activity of contralateral corticostriatal input
is responsible for the increase seen after unilateral lesions. Supported by
PHS grants NS-29130 and MH10794.

TOPOGRAPHICAL PATTERNS OF EFFERENTS FROM THE ’BARREL'
CORTEX TO RAT NEOSTRIATUM. A.K. Wright. E.A.M. Hutton. L. Norrie.
C.A. Ingham, G.W. ArbuthnotL*. MRC External Scientific Staff, University of

BASAL GANGLIA:
749.1

Edinburgh Centre for Neuroscience, Preclinical Veterinary Sciences, Summerhall,
Edinburgh, EH9 1QH.
Individual whiskers on the face of rats are represented by an area of SI cerebral
cortex called a 'barrel'. Individual barrels, identified by cytochrome oxidase
histochemistry, have been injected in pairs with different anterograde tracers and the
projections of neurones within single barrels into the neostriatum, thalamus, and
brain stem, examined.
We have used biotinylated dextran amine (BDA) and Phaseolus Vulgaris
Leucoagglutinin (PhaL) to fill adjacent barrels in the same rat and after two weeks
survival time have stained the two tracers different colours with 'Vector' chromagens
DAB and SGA. The axons from the injected cells can be followed into the internal
capsule from which they exit at right angles to supply small areas within the
somatosensory field of the neostriatum. Axons continue within the internal capsule
fibres to other areas of brain including thalamus and brain stem.
There is a topographically arranged pattern of boutons in the dorsolateral portion
of the striatum with very little overlap between fibres from individual barrels.
Barrels of row A are closest to the callosum while those of row E are deepest in the
striatum. A pattern of finer terminals is also visible which may have a different
source within the barrel cortex and which seems to have a different topography.
Electron microscopic investigation shows both large boutons making complex
synapses with dendritic spines and smaller fibres making simple synapses with
individual spine heads. In view of the likely loss of synapses of the asymmetric type
when dopamine is lost from the striatum (Ingham et al (1993) Exp.Br.Res. 93 17) it
will be important to compare the fate of these synapses after 6-hydroxydopamine
treatment.

DRUGS OF ABUSE
749.2

COCAINE AND AMPHETAMINE FAIL TO INDUCE C-FOS- AND JUN BLIKE PROTEINS IN THE STRIATUM OF DOPAMINE D1 RECEPTOR
MUTANT MICE . R.Moratalla1.*. M.Xu2. S.Tnnegawa2 and A. M. OrayhieP. 'Dept.
Brain & Cog. Sci.,2Ctr. for Cancer Research, MIT, Cambridge, MA 02139.
Cocaine and amphetamine are psychomotor stimulants that exert powerful acute and
long-term effects on behavior. A candidate mechanism for mediating the long-term
effects is the induction of cascades of regulation, including regulation of immediateearly genes (IEGs) coding transcription factors and genes coding neuromodulators such
as dynorphin in the basal ganglia and associated circuitry. Pharmacological experiments have implicated Dl-class dopamine receptors in many of these effects, but
actions of other receptors (e.g. dopamine D2-class and 5HT) have also been
suggested. We previously reported experiments (Xu et al 1994) showing that D1
mutant mice have severe deficits in dynorphin (and substance P) in the striatum and
associated basal ganglia nuclei and exhibit diminished behavioral responses to acute
cocaine. We have now tested whether, in such D1 mutants, acute cocaine and
amphetamine can induce EEGs in the striatum. Wildtype (wt) and mutant mice were
given cocaine (40 mg/kg) or amphetamine (10 mg/kg) under single-blind conditions,
and 2 hr later their brains were fixed and processed for c-Fos and Jun B immunostaining with polyclonal antisera. Mutant and wt controls were untreated or given
haloperidol (2 or 5 mg/kg). The results were clear-cut. Cocaine and amphetamine
strongly induced c-Fos- and Jun B-like proteins in the striatum of wt mice in drugspecific patterns (Graybiel et al 1990), but such induction was virtually absent in the
D1 mutant mice as were stereotypies and locomotion. Forebrain IEG induction was
also reduced elsewere. By contrast, haloperidol induced both IEGs in mutants as well
as in wt mice. We conclude that the D1 receptor is essential for striatal induction of
c-Fos and Jun B-like proteins by cocaine and amphetamine. Deficits in IEG induction could contribute to the neuropeptide deficiencies in the basal ganglia of these
mice and to their behavioral abnormalities as well. Supported by NIDA DA08037.
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WITHDRAWAL FOLLOWING REPEATED AMPHETAMINE TREATMENT
INCREASES DYE COUPLING BETWEEN NEURONS AND ACTIVATES
OUTPUT PATHWAYS IN RAT LIMBIC CORTICAL/STRIATAL REGIONS
S.P. Onn* and A. A. Grace. Depts Neuroscience & Psychiatry, Center for
Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260
Although the mesocorticolimbic dopamine (DA) system has frequently
been implicated in behavioral sensitization, its cellular or synaptic
mechanisms are unclear. Utilizing in vivo intracellular recordings and
Lucifer-yellow dye injection, we examined the impact of amphetamine
sensitization on dye coupling between dopaminoceptive postsynaptic tar-get
neurons in rat striatal and cortical regions. Following amphetamine
treatment (2-4 mg/kg; i.p., daily, 1-4 weeks) and 3-7 days of drug
withdrawal, significantly higher levels of dye coupling were observed
between projection neurons in the infralimbic/piriform cortices (rAMP =5/6
vs basal = 1/6) as well as in the ventral striatum (rAMP =13/14 vs basal
2/11). In contrast, no increase in coupling was observed following acute
amphetamine (5mg/kg; 0/6). The increased coupling observed following
rAMP was similar to that observed following >95% depletions of striatal DA
(12/16).
Nevertheless, the density of tyrosine hydroxylase (TH)immunoreactive terminals in the striatum was not substantially altered in
the rAMP-treated rats. Thus, these combined data suggest that withdrawal
following rAMP produces a functional denervation of the DA system without
causing an actual loss of DA terminals. Furthermore, activity within the
ventral cortical/striatal output pathways, as revealed by c-fos
immunoreactive levels, showed an elevation above control levels in the rats
following rAMP withdrawal. (Support by NARSAD Young Investigator
Award and NS19608, MH42217 & . 45156).
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CANNABINOID AGONIST WIN 55212-2 MODULATES STRIATONIGRAL NEUROTRANSMISSION BY A PRESYNAPTIC
MECHANISM. T. TersigniandH.C. Rosenberg.* Dept, of Pharmacology,
Medical College of Ohio, Toledo, Ohio 43699.
The brain cannabinoid receptor has been shown to be present in areas
receiving striatal innervation, including the pars reticulata of the substantia
nigra (SN), and to be located presynaptically on the GABAergic striatal
output neurons. This study tested the hypothesis that cannabinoid agonist,
applied locally, could modulate striato-nigral transmission, but would not
affect the response of the postsynaptic neuron to locally-applied GABA.
Male Sprague-Dawley rats were anesthetized with chloral hydrate. A glass
multi-barrel electrode was used to record the spontaneous activity of SN
neurons, to iontophoretically apply GABA, and to pressure eject Win 552122, a cannabinoid agonist, in vehicle. This electrode assembly was lowered
into the SN using stereotaxic coordinates, and SN neurons were identified by
the firing rate and shape of the action potential. Recording sites were marked
for histological confirmation. Win 55212-2 increased the spontaneous
neuronal firing rate by 30-46 percent. The peak effect of Win 55212-2 was
reached 4.5-8.5 minutes after onset of pressure ejection. The percent
inhibition of neuronal activity produced by GABA was not altered in the
presence of Win 55212-2, indicating that Win 55212-2 had no effect on the
interactions of GABA at the postsynaptic membrane. Pressure ejection of
vehicle, 45% 3-hydroxypropyl-/3-clyclodextin, produced a small, nonsignificant decrease in spontaneous neuronal discharge, and no change in
response to GABA. These findings suggest that cannabinoid receptors on the
striatal terminals can modulate striato-nigral neurotransmission
presynaptically. Supported by NIH grant DA 02194.

749.5

749.4

PHYSICAL WITHDRAWAL IN RATS TOLERANT TO
A9-THC PRECIPITATED BY A CANNABINOID RECEPTOR
ANTAGONIST.Katig.Tsou. Saundra L. Patrick. Russell M. Church* and

J. Michael Walker. Schrier Research Laboratory, Departments of Psychology and
Neuroscience, Brown University, Providence, Ri 02912.
Whereas termination of chronic intake of opiates, barbiturates, and certain
other psychoactive drugs leads to serious physical withdrawal symptoms, discontinuation of heavy use of marijuana leads to few if any withdrawal symptoms in
animals and humans. This is perhaps due in part to the slow elimination of marijuana’s main psychoactive constituent A9_tetrahydrocannabinol (A9-THC).
To test the hypothesis that rapid termination of interactions between A9-THC
and cannabinoid receptors would lead to withdrawal symptoms in tolerant animals, we precipitated withdrawal with the newly-developed competitive cannabinoid antagonist SR141716A. Tolerance to A9-tetrahydrcxalnnabinol
(A9-THC) was produced in rats by twice daily injections (15 mg/kg i.p.) for 6.5
days; a separate group of animals received the vehicle at the same times. One and
1/2 hours following the last injection, animals received an injection of the vehicle
or SR141716A. This drug produced few effects in animals that had received previous injections of the vehicle only. By contrast, SR141716A induced a profound
precipitated withdrawal syndrome in THC-tolerant animals. The syndrome was
characterized by constantly changing brief sequences of behavior resulting in a
hyperactive appearance but lacking the sequential organization which remains
intact during the hyperactive state produced by psychostimulant drugs. The withdrawal syndrome began about 10 minutes after injection of the antagonist and
last for one to two hours. THC-tolerant animals that were treated with vehicle
remained quiet throughout the observation period. Administration of the antagonist i.c.v. to tolerant animals produced a milder withdrawal syndrome, suggesting that the site of action of the antagonist for the most profound behavioral
changes lies outside the periventricular core of the brain. These findings demonstrate that following long-term use, rapid discontinuation of cannabinoid agonist/receptor interactions leads to profound withdrawal symptoms.

749.6

ELECTROPHYSIOLOGICAL EFFECTS OF A CANNABINOID ON
NEURAL ACTIVITY IN THE GLOBUS PALLIDUS. A.S. Miller* and
J.M. Walker. Schrier Research Laboratory, Department of
Psychology, Brown University, Providence, RI 02912.
The high density of cannabinoid receptors in the globus
pallidus and the motor effects of cannabinoids microinjected into the globus pallidus suggest that the globus
pallidus might be an important site for the regulation of
motor activity by cannabinoids. Extracellular single
neuron electrophysiology was used to explore the role of
cannabinoids on neural transmission in the globus pallidus. The synthetic cannabinoid WIN 55,212-2 (0.0625 0.5 mg/kg, i.v.) dose-dependently decreased the basal firing rate of neurons in the globus pallidus. This effect
was not observed following administration of the inactive
enantiomer, WIN 55,212-3. A second study examined the effect of WIN 55,212-2 on striatal-stimulation-evoked activity in the globus pallidus. Striatal stimulation produced
a brief inhibition of neural activity in the globus pallidus. WIN 55,212-2, but not WIN 55,212-3, reversed the inhibition produced by striatal stimulation. The inhibitory
effect of WIN 55,212-2 on the basal activity of neurons in
the globus pallidus was apparent in the striatal stimulation study as well. These observations suggest that cannabinoids may produce two different effects on neural activity in the globus pallidus - inhibition of basal activity
and a reversal of the inhibition produced by striatal
stimulation.

BASAL GANGLIA:
750.1

D1 DOPAMINE RECEPTORS INFLUENCE FOS IMMUNOREACTIVITY IN
THE GLOBUS PALLIDUS AND SUBTHALAMIC NUCLEUS OF INTACT AND
6-OHDA-LESIONED RATS. D.N. Ruskin* and J.F. Marshall. Dept, of
Psychobiology, University of California, Irvine, 92717.
The globus pallidus (GP) and subthalamic nucleus (STN) are major nuclei of
the basal ganglia. Studies of the dopaminergic physiology of these nuclei have
typically emphasized the role of the D2 dopamine receptor. However, effects of D1
receptor activation on GP firing rate and STN metabolism have been reported,
especially after nigrostriatal lesion. We have systematically investigated the effects
of D1 and D2 receptor activation on the activity of the GP and STN in shamlesioned and unilateral nigrostriatal 6-OHDA-lesioned rats using immunostaining
of brain sections for the immediate-early gene Fos. 4-5 wks post-op, rats were
drug-injected and perfused 2 hrs later. Brains were sectioned at 40pm and stained
with an anti-Fos antibody, visualized with diaminobenzidine. In intact rats, the D1
agonist SKF 38393 (20 mg/kg) produced a five-fold potentiation of the GP Fos
due to the D2 agonist quinpirole (0.5 mg/kg), while having no effect alone. In the
STN of intact rats, only the combination of SKF 38393 and quinpirole produced
significant Fos. In the lesioned hemisphere of 6-OHDA-lesioned rats, SKF 38393
increased the Fos immunostaining in both the GP and STN, while quinpirole
increased it only in the GP. SKF 38393 effects in the GP and STN of 6-OHDAlesioned rats were blocked completely by the D1 antagonist SCH 23390 and
unaffected by the D2 antagonist eticlopride, confirming the specificity of the SKF
38393 effect for the D1 receptor. SKF 38393-induced GP Fos after 6-OHDA lesion
may be due to increased input from the STN. An excitatory action of
dopaminergic agonists on the STN is unexpected given present basal ganglia
models, and it is uncertain what circuitry mediates this effect. These results are a
novel demonstration of control of Fos expression by dopaminergic drugs in the
STN and by D1 agonists in the GP.
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EFFECT OF INTRANIGRAL ADMINISTRATION OF CANNABINOIDS UPON ROTATIONAL BEHAVIOR: INTERACTION WITH
THE DOPAMINERGIC SYSTEM M. Clara Sanudo-Pefia. Saundra L.
Patrick*. Robert L. Patrick and J. Michael Walker. Schrier Research Laboratory, Departments of Psychology and Neuroscience, Brown University, Providence, RI 02912.
Cannabinoid receptors have been reported to be highly concentrated
in brain areas involved in the control of movement, which is in accordance
with their well known effects on motor behavior. One of the areas with the
highest concentration of cannabinoid receptors is the substantia nigra,
which is the output of the basal ganglia for movement production and
therefore has been classically used for studying neurotransmitter function
in rotational behavior. Cannabinoid receptors in this structure have been
shown to be on the striatonigral afferents colocalized with D1 dopamine
receptors. The aim of this work was to study the effect of cannabinoids on
the rotational behavior induced by unilateral infusion of dopamine agonists into the rat substantia nigra pars reticulata. Cannabinoid compounds have little effect on rotation when injected intranigrally. However, they reduced the contralateral rotation induced by the dopaminergic
agonists acting mainly through D1 receptors. These results are in accordance with the opposite action of cannabinoid and D1 receptors on second messengers and neurotransmitter release from striatonigral terminals.

ANATOMY
750.2
DESCENDING PROJECTIONS OF THE GLOBUS PALLIDUS AND THE VENTRAL PALLIDUM IN
THE RAT: CONVERGENCE OF FUNCTIONALLY DIFFERENT PATHWAYS ONTO INDIVIDUAL
NEURONS IN THE BASAL GANGLIA. M.D. Bevan*. A.D. Smith and J.P. Bolan MRC
Anatomical Neuropharmacology Unit & Department of Pharmacology, Mansfield
Road, Oxford, 0X1 3IH, U.K.
. It has been proposed that one of the functions of the basal.ganglia
is to act as a site of integration of motor and limbic information.
Although it is clear that there are multiple parallel pathways through
the basal ganglia, it is not clear where, or indeed, if these pathways
converge. In the present tracing and immunocytochemical study of the
descending projections of the globus pallidus (GP; which receives sensorinotor-associational inputs) and the ventral pallidum (VP; which receives
limbic input) we address this issue. Double anterograde tracing revealed
that medial GP and VP innervated largely separate but to sane extent
overlapping regions of the entopeduncular nucleus/lateral hypothalamus
(EP/mj, subthalamic nucleus/lateral hypothalamus (STN/IH) and the substantia nigra pars reticulata (SNr). The GP and VP also projected to the
substantia nigra pars compacta (SNc) and the ventral tegmental area (VTA).
In zones of overlapping termination, the somata of individual neurons
were apposed by GP and VP boutons. Single anterograde tracing in combination with retrograde tracing or inrunocytochemistry.revealed that
neurons in the sTn/LH that projected to the substantia nigra were apposed
by GP or VP boutons. In addition, the midbrain dopaminergic neurons
(i.e. tyrosine hydroxylase-immunoreactive) and SNr output neurons (i.e.
tyrosine hydroxylase-irnmunonegative) were apposed by GP or VP boutons.
The synaptic organization underlying these patterns of innervation are
currently being examined by correlated light and,electron microscopy.
This analysis indicates that individual neurons in SNr do indeed receive
convergent synaptic input from anterogradely labelled GP and VP boutons.
We therefore propose that while the basal ganglia clearly process
cortical information arising from different functional regions in
parallel, sane convergence of information occurs at the level of
individual neurons (funded by Wellcome Trust and MRC, U.K.)
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750.4

EM MORPHOMETRY REVEALS THAT NEUROTENSIN IMMUNOREACTIVITY
IS ELICITED IN DIFFERENT SUBPOPULATIONS OF STRIATAL AXONS
FOLLOWING DOPAMINE D-2 RECEPTOR ANTAGONIST AND RESERPINE
ADMINISTRATION. D.S. Zahm*. E.S. Williams and B. Senger. Dept, of Anat.
and Neurobiol., Saint Louis Univ. School of Medicine, St. Louis, Missouri 63104.
Perikaryal neurotensin (NT) immunoreactivity (IR) is undetectable in normal rat
striatum, but is elicited following administrations of dopamine D-2 receptor antagonists and reserpine in subpopulations of striatal neurons that differ in terms of
sizes and distributions of NT-IR perikarya and fibers (Neurosci., 46:335-350,
1992,57:649-660, '93 & 65:71-86, ’95) and expression of the Fos immediate-early
gene product (Neurosci. 57:649-660, '93 & 65:71-86, ’95). Whether elicited by D2 antagonists or reserpine, NT-IR neurons have been shown to project to the globus pallidus and ventral pallidum to the near exclusion of the substantia nigra/VTA
complex (Soc. Neurosci Abstr. 19:129, 1993 & Brog and Zahm, unpublished).
Rats were given either two injections (2 mg/kg) of haloperidol or eticlopride at
four and twenty-four hours prior to sacrifice or a single injection of reserpine (5
mg/kg) twenty-four hours prior to sacrifice and killed by perfusion with buffered
aldehydes. Frontal sections were processed for NT-IR and flat embedded for transmission electron microscopy. A random sampling method and computer-assisted
morphometric analysis revealed NT-IR bouton profiles that are significantly smaller
following reserpine than after haloperidol administration (p < 0.001, Mann-Whitney
U test). Fewer NT-IR synaptic boutons were observed following haloperidol
(1.6% vs 3.0%, p<0.012, paired t-test), probably due in part to the lesser
probability of section planes encountering synapses in larger terminals. Synapses
were almost exclusively symmetric axodendritic. The EM data are consistent with
morphologically distinct subpopulations of striatal neurons that express NT.
Supported by USPHS NIH NS-23805 (NINDS).

REGULATION OF DOPAMINE Di- AND D2- RECEPTOR BINDING AND
PEK mRNA LEVELS BY SELECTIVE DOPAMINE ANTAGONISTS IN THE
BASAL GANGLIA OF THE RAT. A. E. Johnson*. H. Coirini. L. Kallstrom.
J. Yu andF.-A. Wiesel Department of Psychiatry, University Hospital, Uppsala
University, S-75017 Uppsala, Sweden.
Chronic treatment with classical neuroleptics affects a number of
neurotransmitter systems in the basal ganglia. For example, we have shown that
Dj -receptor binding in the EP is enhanced by exposure to a classical neuroleptic.
Furthermore, increases in striatal PEK mRNA expression have been reported by
several groups. However, the specific dopamine (DA) receptor subtype involved
in the regulation of these processes remains to be determined. The purpose of the
present study was to examine the regulation of Dj -receptor binding and PEK
mRNA levels using selective dopaminergic antagonists. For these studies, adult
rats were injected twice daily for 21 days with distilled water, SCH-23390
(0.3mg/kg), Raclopride (0.3mg/kg) or both Raclopride and SCH-23390
(N=6/group). Animals were killed 40hrs after the last injection and brain sections
were processed for receptor autoradiographic and in situ hybridization studies. For
receptor binding assays, sections were labeled with either [125i]SCH-23982 (Dj)
or [125i]NCQ-298 (D2). An oligonucleotide probe selective for PEK mRNA was
used for in situ hybridization experiments. Autoradiographic analysis revealed
that Raclopride slightly but significantly increased [125JNCQ-298 binding in
the STR (10%), subthalamic nucleus (16%) and substantia nigra compacta
(12%), whereas SCH-23390 significantiy enhanced [125i]SCH-23982 binding in
the EP (43%), STR (17%) and substantia nigra reticulata (32%). Striatal PEK

750.5
RAPID EFFECTS OF INTRASTRIATAL QUINOLINIC ACID INJECTIONS
ON PALLIDAL ENKEPHALIN, SUBSTANCE P AND GAD-67
IMMUNOREACTIVITY IN RATS. Y. Bordelon* and M-F Chesselet

Department of Pharmacology, U. of Penn, Philadelphia, PA 19104.
Intrastriatal injections of quinolinic acid (QA), an NMDA receptor agonist,
produce a loss of. medium spiny projection neurons (which contain glutamic
acid decarboxylase, and either enkephalin or substance P), and sparing of
interneurons. Hence, they replicate the neurodegeneration found in
Huntington's disease. We have previously shown that DNA strand breaks
are present in striatal neurons in HD and after QA injections. DNA damage
was detected 12, but not 10 hours after QA injections. Expression of metenkephalin (ENK), substance P (SubP) and glutamic acid decarboxylase
(Mr 67,000: GAD67), was examined with immunohistochemistry in striatal
projection areas before and after DNA damage is evident in the striatum.
Male Sprague Dawley rats (250-300 gms) received a unilateral injection
of QA (60 nmol in 0.5 pi ) or saline over 5 min. in the striatum. This
procedure induces a massive loss of striatal efferent neurons 2 weeks later
(Qin et al. Exp. Neurol. 115, 1992,200-211). Rats were sacrificed 10 or 12
hrs after surgery by transcardial perfusion with 4% paraformaldehyde under
deep anesthesia. Sections were processed for immunohistochemistry with
avidin-biotin-peroxidase and diaminobenzidine-HCI as the chromogen.
None of the rats sacrificed 10 hrs after QA injection in the striatum showed
conspicuous changes in ENK immunoreactivity (IR) in the ipsilateral globus
pallidus (GP). In contrast, a marked decrease in ENK IR was already
observed in some of the rats sacrificed 12 hrs after QA injection. In these
same animals GAD 67 IR in the GP and SP IR in the entopeduncular
nucleus were also decreased. Thus, intrastriatal QA induces a rapid
decrease in GAD and neuropeptide expression in axons of striatal efferent
neurons, which appears to coincide with the onset of detectable DNA
damage in their cell bodies. Supp. by MH-44894 and F-30-MH-10890
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mRNA levels were significantly elevated by Raclopride (16%), SCH-23390
(41%) and by the combination of Raclopride and SCH-23390 (62%). Two-way
ANOVA of the PEK mRNA data revealed that Raclopride and SCH-23390
enhance PEK mRNA expression through separate mechanisms. Supported by
grant #8318 and #11274 from the Swedish MRC.

750.6
EXPRESSION OF
ONCOGENE C-FOS
PROTEIN IN
THE MARGINAL
DIVISION OF
THE.STRIATUM
AND MEYNERT'S
BASAL NUCLEUS
FOLLOWING CHEMICAL INJURY OF THE RAT BR^^N.
S . Y . Shu?
X, Bao and SL. Li. Dept of Neurobiology, First Military
Med. Univ., Zhu-Jiang Hospit. Guangzhou, 510282, China.
c-Fos
induction can
occur
as
a
consequence
of
synaptic activation.
This has led to the proposal that
c-Fos
immunnhistochemistry
might
be
used
to
map
functional pathways in the CNS.
In our previous study,
a new
subdivision, the
marginal division
(Mr~D),
was
found in
the striatum
and it
projects to the area of
Meynert’s basal nucleus. The depression of the learning
and memory
behavior would be induced by injury of MrD.
In the
present study,
the functional relationship of
MrD and
Meynert-s basal
nucleus was
investigated
by
injection of
Kainic acid (KA) in the MrD and Meynert's,
basal nucleus
to induce
c-Fos-like protein expression
in the rat brain. 0.1-0.2% KA was injected in the brain
with a stereotaxic instrument.
The rat
was perfused
6-8 hours
after injection.
The
brain was
removed and
sectioned.
The
sections
were
processed
with
c-Fos
smInunnhistochemistry
method.
The results
are: 1)
Positive c-Fos protein expression
was found
in the
amygdala and
hippocampus
after
KA
injecting in
the Mynnrt's
nucleus. The result showed
that KA
acid injury
could induce
c-Fos expression.to
show functional
connections in
the brain; 2) Positive
c-Fos expression
was observed
in the MrD following. KA
injecting
in
the
Mynert's
nucleus;
3)
Positive
expression of
c-Fos was found in the M^neet's nucleus
by injection
of KA
in the MrD.
The results indicate
that there
are functional
connections between the MrD
aftd the
Meynert’s
basal
nucleus.
This
relationship
probably sponsors
the learning
and memory function of
the MrD.(supported by NSFC 39270248)

750.7

750.8

VENTRAL MESENCEPHALIC NEURONS RETROGRADELY LABELED WITH
WGA-HRPapoGOLD OR FLUORO-GOLD FOLLOWING INJECTIONS IN THE
SHELL, CORE AND ROSTRAL POLE OF THE NUCLEUS ACCUMBENS:
IMMUNOHISTOCHEMICAL AND MORPHOMETRIC ANALYSIS Y. Tan. J.S.
Brog*. E.S. Williams and D.S . Zahm. Dept, of Anatomy and Neurobiology,
Saint Louis University School of Medicine, St. Louis, Missouri 63104.

FOCAL 6-HYDROXYDOPAMINE LESIONS IN NUCLEUS ACCUMBENS CORE
AND SHELL ENHANCE FOS IMMUNOREACTIVITY PREFERENTIALLY IN
TERMINAL REGIONS OF THE DOPAMINERGIC MESOTELENCEPHALIC
PROJECTION. M.A. Chapman* and D.S. Zahm. Dept, of Anatomy and Neuro-

The mesotelencephalic projection comprises a morphologically and neurochemically heterogeneous population of axons. Ventral mesencephalic dopamine
(DA) neurons exhibit several distinct types of somatodendritic morphology. Some
studies have concluded that certain morphologically distinct dopaminergic cell
types are associated with topographically and morphologically specialized axon
projections. In die present study, either WGA-HRPapoGOLD or Fluoro-Gold
(FG) were used to retrogradely label neurons in the ventral mesencephalon following injections that were relatively restricted to the core, shell or rostral pole
of die nucleus accumbens. Retrogradely labeled neurons were evaluated for calbindin immunoreactivity, perikaryon diameter and labeled dendrite length. Following all injections except those in medial shell, calbindin D-28kD immunoreactivity was colocalized in a subset of retrogradely labeled neurons. Mean
perikaryon diameter of FG labeled neurons was significantly less following injections in the medial shell than after injections in the core and rostral pole. Likewise, the median length of FG-labeled dendrites was significantiy less following
injections in die medial shell than following injections in the core and rostral
pole. One hundred neurons from each of three cases for each subterritory were
evaluated with a randomized ANOVA and post-hoc Tukey’s protected T test.
The data are consistent with a small to moderate component of midbrain
DA/calbindin projections to core-rostral pole and a morphologically distinct
population of DA neurons projecting to medial shell. NIH NS-23805 (NINDS).
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biology, Saint Louis University School of Medicine, St. Louis, Missouri 63104.
The nucleus accumbens (Acb) has been designated as a critical site of
sensory-limbic-motor interface, neuroanatomically situated to mediate behaviors
essential to the organism’s survival. The Acb may be divided into subterritories
based on neurochemical, morphological and hodological properties. Given the
importance of this structure in theories of drug dependence and schizophrenia,
it is critical to determine whether the different connectivity patterns of Acb subterritories are functionally relevant. In order to address this question, 6hydroxydopamine mlcroiejections were made in the Acb core or shell of male
Sprague-Dawley rats. The lesion sizes and locations were precisely evaluated
using tyrosine hydroxylase immunohistochemistry and Fos expression was
assessed immunohistochemically at several post-lesion time points. Preliminary
evaluation of the material revealed a robust enhancement of Fos immunoreactivity bilaterally in the medial prefrontal, insular and piriform cortices, septum,
Acb and medial caudate-putamen of lesioned animals as compared to ascorbate
vehicle and saline controls. Control animals exhibited moderate numbers of
Fos-IR cells in the same brain regions; therefore, the numbers of Fos-positive
cells will be quantified and statistically compared. Insofar as all of these areas
receive mesotelencephalic dopamine input from ventral mesencephalic neurons
within the projection field of the Acb, it is hypothesized that Fos immunoreactive neurons are disinhibited following focal Acb lesions through increased
inhibition of midbrain dopamine neurons. Supported by USPHS NIH NS23805 and NS-07254 (NINDS).
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BASAL GANGLIA:

750.9

METHYLPHENIDATE TREATMENT AND GENE EXPRESSION
IN THE VENTRAL TEGMENTAL AREA, SUBSTANTIA NIGRA,
NUCLEUS ACCUMBENS AND STRIATUM IN RATS. JVl
MercufllianoVH.Q. Nguyen, A, Cnaan. Children's Seashore House &
Departments of Pediatrics and Biostatistics, University of Pennsylvania,
Philadelphia, PA. 19104.
Methylphenidate (MPH) is a dopamine re-uptake blocker with effects on
mesolimbic and mesostriatal dopamine (DA) systems. To identify neuronal
subgroups involved in MPH effects, in situ hybridization histochemistry was
performed after acute (at 7 wks) or chronic ip treatment (twice daily, 4-7 wks)
with saline, low- (1.25 mg/kg) or high-dose (12.5 mg/kg) MPH. mRNA
labelling for TH, GAD67 and DA2 receptors were quantified at the single cell
level in the VTA and Sn , and GAD67, DA 1 and DA2 receptors and PPE
regionally in the NA and STR. Locomotor activity, stereotypy and rearing
were measured on days 1, 7,14 and 21. After acute treatment, all behaviors
were increased in the high-dose group (p's < 0.005) and there were no
changes in mRNA labelling. With chronic treament, activity was highest in
the high-dose group (p = 0.0005), and effects were largest on day 1 (p's <
0.004) . Stereotypy showed dose-dependent increases (p < 0.00005)
without time effects. Rearing was increased in the high-dose group (p =
0.0006), with marginal effects on day 21. Chronic treatment with either dose
resulted in increased TH labelling in the VTA and SNC (p's < 0.05). Highdose treatment resulted in increased labelling for PPE in the STR (p < 0.01).
Mazindol binding was unchanged suggesting that this was not due to loss of
DA terminals. Chronic MPH treatment alters gene expression in VTA and
SNC DA neurons and STR efferent neurons which express PPE.
Supported by Tourette Syndrome Association, HD28815 and HD26979.

ANATOMY

WEDNESDAY PM

750.10
THE DISTRIBUTION OF MU OPIOID RECEPTORS DEFINES THE CORE
AND SHELL OF THE HUMAN NUCLEUS ACCUMBENS.
P.Voom*!3, L.S.Bradv2. H.W.Berendse u, H.E. Vonkeman1’3. and E.K.Richfield34'Research Inst. Neurosci., Depts Anat. & Neurol., Vrije Univ., Amsterdam, the
Netherlands, 2NIMH, Bethesda, MD 20892, 3,4Dept. 3Neurol. 4Pharmacol., Univ.
Rochester, Rochester, NY 14642.
Selective mu opioid receptor autoradiography with pHJDAMGO was used to
examine regional and subregional mu receptor distribution patterns at five rostrocaudal
levels through the human striatum. pHjDAMGO binding densities were measured in
the individual striatal nuclei and in subregions. The distribution of [3H]DAMGO
binding sites has a strongly heterogeneous character. At the regional level a U-shaped
distribution of density values was observed along the rostrocaudal axis, with highest
values in the rostral- and caudalmost levels. Furthermore, a dorsal-to-ventral high-tolow gradient was found, with lowest binding densities in the ventral one-third of the
Putamen (Put) and in nucleus accumbens (Acb). Binding in Caudate (Cd) and Put did
not show a patch-matrix-like pattern as in the rodent. In the Acb, areas of low,
intermediate and extremely high binding density were present. Comparison with ligand
binding patterns of other receptors, e.g. the kappa opioid receptor labeled with
[3H]bremazocine, indicated that the low-density area represents the “core” region of the
Acb, whereas the “shell” is characterized by intermediate density. Along the ventral
periphery of the Acb and Put, a string of smaller regions were found that displayed the
highest binding values of the entire striatum for [?H]DAMGO. These regions could also
be recognized in the distribution of the kappa opioid and dopamine Di receptors and in
the cyto- and myeloarchitecture of the Acb. Because of these special features they are
referred to by the acronym NUDAP: Neurochemically Unique Domains of the
Accumbens and Putamen.

750.11

750.12

LOCALIZATION OF 5-HT2a RECEPTOR mRNA IN OPIOID NEURONS OF
THE VENTRAL STRIATUM IN THE RAT. M.J. Miinster, K. Koskuba. G.J.
Docter, L.D. Loopuiit* and P. Voom. Graduate School Neurosciences, Vrije
Universiteit, Dept. of Anatomy, Amsterdam, the Netherlands.
The serotonin 5-HT2a receptor may be involved in the regulation of the
opioid peptide dynorphin in the ventral striatum, as is suggested by changes in
preprodynorphin (ppdyn) mRNA after a lesion of the serotonergic system. On
the other hand, enkephalin synthesis does not seem to be affected by a
serotonergic lesion as there is no change in preproenkephalin (ppenk) mRNA
levels. We set out to investigate whether there is an anatomical basis for these
different responses of opioid neurons. Double-labeling in situ hybridisation
experiments were performed to demonstrate 5-HT2a and ppenk/ppdyn mRNA in
the same sections. 5-HT2a mRNA was visualised with a 35S-Iabeled riboprobe,
whereas a digoxygenin-labelled riboprobe was used to demonstrate ppenk/ppdyn
mRNA. Opioid neurons were identified and overlying grains generated by the
radioactive probe were counted with an IBAS image analysis system.
Our
results demonstrate that 5-HT2a mRNA is localized in both enkephalinergic and
dynorphinergic cells. In different subregions of the ventral striatum (medial
shell, core, olfactory tubercle), 40-45% of the enkephalin neurons contain
detectable levels of 5-HT2a mRNA. However, in the lateral shell the percentage
of co-localisation is significantly higher (60%) than in the other subregions. Our
results further indicate that 35-45% of the dynorphin cell population in the core
and medial/lateral shell synthesizes the 5-HT2a receptor. In the olfactory
tubercle, there is a significantly higher degree of co-localization (65%) compared
to the other ventral striatal regions.
On the basis of these data, we would
suggest that 5-HT2a receptor manipulation can directly affect subpopulations of
both types of opioid output-neurons. The magnitude of the effect of 5-HT2a
receptor manipulation might differ between subregions of the ventral striatum.

CELLULAR LOCALIZATION OF D1 AND D2 DOPAMINE RECEPTOR
mRNA IN THE ACCUMBAL-PALLIDAL AND ACCUMBAL-VENTRAL
TEGMENTAL AREA PATHWAYS IN THE RAT X.-Y. Lu. L. Churchill and
P. W, Kalivas? Depprtment of Veterinaar and Comparativv Anatomy,
Pharmacology and Physiology, Washington State University, Pullman, WA.
The involvement of the ventral pallidum in mediating motor activity is
thought to arise via afferent projections from the nucleus accumbens which
in turn receives the dopaminergic input from mesencephalon. Two major
families of dopamine receptors have been characterized in the central
nervous system and designated D1 and D2 dopamine receptor subtypes.
Using retrograde labeling methods combined with in situ hybridization, this
study examined the postsynaptic distribution of accumbal D1 and D2
dopamine receptors following deposits of Fluoro-gold in the ventral
pallidum (VP) and ventral tegmental area (VTA). The data indicated that
the portion of retrogradely labeled neurons with Fluoro-Gold deposits in the
VP that contained messenger RNA for D2 dopamine receptor was 19%37% in the shell, 19%-30% in the core of nucleus accumbens, whereas
40%-67% and 50%-73% were double-labeled neurons for D2 receptor
messenger RNA in the shell and core subcompartments, respectively.
Preliminary evidence also showed double-labeled neurons with FluoroGold deposits in VTA for D1 receptor messenger RNA ranged from 64% to
100% along a caudal-rostral gradient. These data demonstrate that both
D1 and D2 receptors, predominantly D2 receptors, exist in the pathway
from the nucleus accumbens to ventral pallidum, suggesting D1 and/or D2
receptors on accumbal neurons may directly modulate neurotransmitter
release in the ventral pallidum, alter the firing frequency of pallidal neurons,
and subsequently affect locomotor activity. This study also reveal that most
accumbal neurons projecting to VTA contain D1 receptor messenger RNA.
This suggests that dopamine release may act on D1 .receptors in the
nucleus accumbens to regulate the activity of dopamine cells in the VTA.

750.13

750.14

Lithium induces c-fos expression selectively in the
“hippocampal district” of limbic striatum. A. Javaraman *,
H. Kiba and M. Cola. Dept. of Neurology, LSU Sch. of
Med. New Orleans, LA 70112.
Lithium is the most effective agent for the treatment of
manic depressive disorder. The forebrain dopaminergic
system, among others, has been suggested to play a major
role in acute manias. To identify the neuronal circuitry
that is responsive to lithium, we mapped lithium induced
Fos expression in the forebrain. Injections of lithium
chloride induced Fos expression selectively in the
“hippocampal district” of the accumbens, but not in rest of
striatum. Numerous Fos positive neurons were noted in
the hippocampal CA1. CA2 regions, cingulate, prelimbic.
infralimbic. agranular insular and pyriform cortex, but
only a few Fos positive cells were noted in deep layers of
many cortical areas. Fos reactive cells were restricted to
the midline and intralaminar nuclei of thalamus. Cells
with Fos-Li were conspicuously absent in VTA &
substantia nigra complex. The results suggest that the
hippocampal district of accumbens & hippocampal and
thalamic regions that converge on to this specific area of
limbic striatum may mediate lithium induced benefits on
acute & recurrent manic attacks. Supported by Smokeless
Tobacco Research Council, NY & Department of Defense.

TO WHAT EXTENT IS THE BASAL GANGLIA ORGANIZATION OF
ANURAN AMPHIBIANS COMPARABLE TO ' THAT OF AMNIOTES?
W.J.A.J. Smeets*1 O. Marin and A. Gonzdlez?. 'Graduate Sch. Neurosci., Dept.
Anatomy & Embryology, Vrije Univ., Amsterdam, The Netherlands. 2Dept. Cell
Biology, Univ. Complutense, Madrid, Spain.
Recent studies have revealed that there are many similarities in the organization of the basal ganglia (BG) between reptiles, birds, and mammals. The intriguing question raises, therefore, whether this basic organization exists also in
anamniotes. In amphibians, not only a dopaminergic (DA) cell group in the
midbrain, but also distinct plexuses of DA fibers in the ventromedial (accumbens)
and ventrolateral (striatum) wall of the telencephalic hemisphere have been
identified. In contrast to amniotes, the midbrain DA cell group of amphibians is
rostral continuous with DA cells in the dorsomedial part of the posterior tubercle
(TPm), and does not extend caudal to the oculomotor nerve. It is also impossible
to recognize separate A8-A10 cell groups, indicating a putatively different
organization of BG in amphibians. To get more insight into the organization of
the DA mesotelencephalic connections, combined tract-tracing/immunohistochemical techniques have been used. Retrograde tracers (biotinylated dextran
amine or Texas-Red conjugated dextran amine) were applied to the basal forebrain of anurans (Rana perezi, Xenopus laevis). As marker for DA cells, we have
used tyrosine hydroxylase (TH) immunohistochemistry. Experiments involving
the accumbens yielded some double labeled cells in the TPm and, more frequent-
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ly, in the midbrain tegmentum. Involvement of the striatum, on the contrary,
resulted in many double labeled cells in the TPm at intermediate levels, but not
in the midbrain. Thus, the nucleus accumbens and the striatum of anurans receive
topographically organized DA inputs which, however, display a preferential
caudal-to-rostral, instead of a medial-to-latera! arrangement as demonstrated for
amniotes. Supported by DGICYT PB93-0083

WEDNESDAY PM

BASAL GANGLIA:

750.15

ANATOMY
750.16

ASTROCYTIC GLUTAMATE AND DOPAMINE RECEPTOR SUBTYPE
CO-LOCALIZATION IN THE RAT SUBSTANTIA NIGRA. A.MateescuCantuniari. J.W. Patrickson. K.H. Thomas. J.A. Whittaker.*
Department of Anatomy, Morehouse School of Medicine,Atlanta,GA,30310.
Abnormalities in CNS dopaminergic neurotransmission has been
hypothesized to be related to possible excitotoxic actions of excitatory amino
acids (EAA). There is increasing evidence that astrocytes may have a functional
role in EAA-mediated brain injury and, as well, may mediate their phenotypic
expression. Electrophysiological studies have indicated direct signaling between
astrocytes and neurons suggesting the possibility of an astrocytic involvement in
nigral degeneration and related disease etiology.1 We have previously localized
glutamate and dopamine receptor subtypes within the rat substantia nigra (SNc).
This study was designed to further investigate these receptor subtype
distributions and their relationships to astroglia within the pars compacta of the
rat SNc. Using immunolabelling techniques, we studied D2/3, GluR2/3,
NMDAR1, and NMDAR 2A/B receptor subtype expressions, in the adult rat
brain. Commercially available primary antibodies (Chemicon; Sigma) directed
against the respective receptor subunits and against the astrocytic marker,
GFAP, were used in this study. FITC labeled GluR2/3, D2/3, NMDAR1 and
NMDAR 2A/B receptor immunoreactivity was observed in a heterogenous
pattern throughout the SNc in close association with GFAP/Rhodamine labeled
astrocytes. Our results suggest DA and glutamate receptor subtypes are colocalized in the cytoplasmic compartment of SNc astrocytes.
SUPPORT: NIH grants S06GM08248 and 3G12RR03034.

‘M. Nedergaard, Science, 263: 17(68-1771, 1994.

APOMORPHINE TRANSIENTLY REDUCES SUBSTANCE P-LIKE
IMMUNOREACTIVITY IN THE SUBSTANTIA NIGRA IN 6-OHDA RATS. £
Gancher*. A Maver. S Younqman. Department of Neurology, Oregon Health
Science University, Portland, Oregon, 97222.
Substance P is a peptide which is contained in striatonigral neurons and
present in high amounts in the SN. Lesioning and repeated drug treatment
affect nigral substance P content; 6-OHDA lesioning reduces nigral
substance P levels and daily L-DOPA treatment reverses this decrease. In
the current study, we wished to determine if acute drug treatment also
differentially affects substance P content in the lesioned SN. Eight rats with
6-OHDA lesions received 8 daily doses of apomorphine (0.1 mg/kg), a
regimen which produced behavioral sensitization. The next day, four 3.2
mg/kg apomorphine doses were administered at 2 h intervals, a regimen
which produced tolerance. Four rats were perfused 1-2 h later; the other
four were perfused 1 week later. The density of substance P-like
immunoreactivity (SPLI) in the SN on the 6-OHDA and normal side were
compared by image analysis. In the acutely treated rats, the SPLI in the
lesioned SN was reduced relative to the other side, whereas the rats
untreated for 1 week after drug treatment exhibited symmetric staining.
These findings suggest that administration of a dopamine agonist
temporarily reduces substance P levels in the SN ipsilateral to a 6-OHDA
lesion, possibly reflecting an increase in striatonigral neurotransmission
from the dopamine-depleted striatum. The observation that acute and
chronic treatment produce different behavioral effects and corresponding
changes in nigral substance P levels suggests that substance P may have
a modulatory role in affecting dopaminergic response in animals with
nigrostriatal lesions.

750.17

FUNCTIONALLY AND ANATOMICALLY DISTINCT DOPAMINE
SYSTEMS IN THE MEDIAL PREFRONTAL CORTEX: AN APPRAISAL.

A. Y. DeutchT Departments of Psychiatry and Pharmacology, Yale
University School of Medicine, New Haven, CT and Veterans
Administration Medical Center, West Haven, CT 06516.
Several cortical regions in the rat receive dopamine (DA) innervations,
the most prominent of these being the medial prefrontal cortex (PFC).
DA projections to the PFC are derived from cells in the ventral tegmental
area (VTA). The mesoprefrontal cortical DA innervation has been
considered to be a functionally homogeneous DA innervation. However,
the DA innervation of the rodent PFC appears to be homologous to
several spatially distinct in the primate that have different functional
attributes. We have recently observed that several DA innervations of the
PFC in the rat can be anatomically, biochemically, and molecularly
distinguished, and that these different DA innervations respond different
to different challenges, including mild stressors and antipsychotic drugs.
We propose that there are several different DA innervations of the PFC
in the rat that follow in part cytoarchitectonically-defined regions, that
these different DA innervations of PFC regions are derived DA neurons
in different subnuclei of the VTA, and that various challenges activate
both a DA innervation of a particular part of the PFC (e.g., the
infralimbic or dorsal prelimbic cortex) and concomitantly a particular
cluster of midbrain DA neurons. Supported in part by MH-45124, the
NPF Center at Yale, and the VA Schizophrenia and p Ts D Centers.

CEREBELLUM:

PHYSIOLOGY

751.1

751.2

THE CEREBELLAR GAIN CHANGE HYPOTHESIS EVALUATED IN THE
ANESTHETIZED RABBIT P.L. DiGiorgi, C.I. De Zeeuw. S.K.E. Koekkoek,
and J.I. Simpson*. Dept. Physiology and Neuroscience, NYU Med. Ctr., NY,
NY 10016
The gain change hypothesis proposed by Ebner and Bloedel states that the
climbing fiber input to a Purkinje cell (P-cell) produces a short-lasting
enhancement of its responsiveness to mossy fiber inputs. We examined the
simple spike (SS) activity patterns that followed the complex spike (CS) of
floccular P-cells in ketamine-xylazine-acepromazine anesthetized rabbits.
We recorded from 43 P-cells whose CSs were modulated by optokinetic
stimulation (OKS). Three conditions were investigated: spontaneous
activity in light and dark and constant speed OKS. Data analysis included
CS-SS cross-correlation and SS auto-correlation. P-cells were assigned to
one of three categories: pure pause (PP), pause-facilitation (PF), or pausereduction (PR). To be categorized as a PF (or a PR) cell, the average SS
activity during at least one 20 msec period within the first 50 msec after the
end of the CS pause had to be significantly (P<0.01) greater (or less) than
the average SS activity during the 100 msec prior to the CS. Of the 43 Pcells, 26 (60%) were PF cells, 9 (21%) were PR cells, and 8 (19%) were PP
cells. The categorization distribution was condition independent (Fisher
exact test). For about 80% of the cells, the SS auto-correlograms showed a
pronounced, exponentially damped oscillation (range, 25-100Hz), also
condition independent. In comparison to findings in the awake rabbit
(Simpson, Wylie and De Zeeuw, submitted), the percentage of P-cells
showing enhancement of responsiveness to mossy fiber inputs doubled and
the SS rhythmicity markedly increased.
Thus, ketamine-xylazineacepromazine anesthesia promotes enhancement and SS rhythmicity.
(Supported by NS-13742).

ANALYSIS OF CA2+ SPIKE AUTORHYTHMICITY IN CEREBELLAR
PURKINJE CELLS. Y. Etzion ♦ and Y. Grossman. Department of Physiology,
Faculty of health Sciences, Ben-Gurion University of the Negev, Beer-Sheva
84105, Israel.
Spontaneous Ca2+ spike activity in cerebellar Purkinje cells is characterized by a
regular alternation between bursting and quiescence periods and a propensity for
firing in doublets. We studied the underlying mechanisms of this behavior in
guinea pig cerebellar slices. Slices were constantly perfused with 5mM KC1
Ringer's solution equilibrated with 95% O2, 5% CO2 at 30°C. Spontaneous Ca2+
spike currents were recorded by using a macropatch clamp technique before and
after blocking sodium currents with 0.5|iM TTX. TTX significantly increased
active period duration to 149.5±44.9% (mean ±SD, n=14), silent period duration
to 142.1±53.8% and the mean inter spike interval (ISI) to 150.9±63.4% but did not
change doublet spiking. Application of CNQX (10gM) and Bicuculline (20pM)
did not mimic TTX effects. Heating to 33°C enhanced doublet firing, while
cooling to 28°C markedly increased mean ISI and almost abolished doublet
spiking. Increasing [K+]o to 7.5mM, addition of 4-AP (lpM), or TEA (O.lmM)
greatly increased doublet spiking and could counteract the effect of cooling.
Whereas, reducing [K+]q to 3mM, like cooling, almost abolished doublet spiking.
The ISI within doublets changed gradually by these manipulations from few ms to
approximately 40 ms. These results indicate : a) Invasion of somatic Na+ spikes
may affect dendritic Ca2+ spike autorhythmicity. b) Existence of a highly 4-AP
sensitive K+ current which reduces doublet spiking, c) The range of modulation of
ISI within doublets can not be attributed to spike propagation between two zones
of the dendritic tree, and therefore support the notion of a single site for doublet
generation.
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CEREBELLUM:

751.3

PHYSIOLOGY

WEDNESDAY PM

751.4

Oscillatory activity at 14-16 Hz in the cerebellar cortex.
Relationship with movement initiation in the behaving monkey. J-P
Pellerin.C.Valiquette.M-T.Parent.Y.Lamarre*. Centre de recherche
en sciences neurologiques, University de Montreal.
A monkey was trained to move the arm about 1 sec. following an
auditory stimulus. In the paramedian lobule of the cerebellum we
recorded rhythmic bursting of thin, small spikes at the frequency of
14-16 Hz. The amplitude of local field potential oscillations at the
same frequency was maximal in the granular layer and Purkinje cell
activity recorded in adjacent layers was not modulated at that
frequency. So far we have been able to establish the following
properties of this oscillatory process: 1. It is very . much decreased
during reduced state of vigilance and after administration of
harmaline;2. it is reduced and disorganized some 150-250 ms after
the external cue, resumes 200-250 ms later and stops abruptly at
about movement onset;3. the oscillations are enhanced in the 400500 ms period preceding movement onset. This is not observed
with spontaneous movement;4. olivo-cerebellar activity tends to
increase 150-250 ms after the external cue at a time where the
rythmic process appears to be reset. More investigations are
needed to establish the functional role of this oscillatory process
which could be involved in the precise timing of movement onset
in response to external events. Supported by MRC of Canada.

CEREBELLAR GRANULE CELL RESPONSES IN THE AWAKE, FREELYMOVING RAT: THE IMPORTANCE OF TACTILE INPUT. MJ. Hartmann*
and J.M. Bower. Division of Biology, Caltech, Pasadena, CA, 91125.
Using a light-weight microdrive developed in our lab, we have recorded activity of
the cerebellar granule cell layer (GCL) from multiple sites in Crus Ila in awake, freelymoving rats. We have previously shown that in the anesthetized animal, cells in this
region of the cerebellum respond to light touch of perioral structures. During chronic
electrode implantation we determined the receptive field at each recording site, and we
later confirmed these fields in the awake rat. Behaviors were videotaped and
synchronized with the recorded neural signals.
We compared the spatio-temporal patterns of GCL activation during eating,
grooming, drinking, and exploratory behaviors. Each behavior elicited unique and
repeatable patterns of neural activity. For the observed behaviors, activity recorded on
each electrode was largest when the rat’s own movements resulted in tactile stimulation
of the appropriate perioral receptive field. In contrast, activity remained close to
background levels during perioral behaviors that did not directly stimulate the
receptive field. For example, substantial GCL activity was observed when the rat
palpated food with its lips, while chewing motions elicited little or no response.
During the highly rhythmic and repeatable sequences of rat drinking, each lick
elicited two distinct bursts of granule cell activity. Analysis of the video-tape data
suggested that these bursts were related to tongue protrusion and retraction past the
perioral receptive fields. During some drinking sequences, rats received an air-puff
stimulus to perioral regions; when the stimulus was directed towards a receptive field,
large responses superimposed on the rhythmic activity associated with licking. We
conclude that GCL responses in crus Ha of behaving rats seem to be most directly
related to tactile stimulation of perioral surfaces.
Supported in part by NIH grant GM07737-14 and the Human Frontiers Program.

751.5

751.6

FUNCTIONAL ORGANIZATION OF THE RAT CEREBELLAR CORTEX
ELUCIDATED BY PRINCIPAL COMPONENT ANALYSIS OF OPTICAL
SIGNALS C. Hanson. Q.-G Fu*. G. Chen. T.J. Ebner Departments of
Neurosurgery and Physiology, University of Minnesota Medical School,
Minneapolis, Minnesota 55455
The highly regular cellular lattice and circuitry of the cerebellar cortex and
its afferent and efferent systems are organized around several spatial plans.
Optical imaging is one approach used to record the patterns of activity in the
cerebellar cortex. In this study, we used principal component analysis (PCA)
to extract spatial patterns of activity from optical images of rat cerebellar
cortex under conditions of peripheral or surface stimulation.
Optical signals from stimulus evoked fluorescence changes in cerebellar
cortical area Crus II were recorded with a CCD camera in anesthetized rats
(ketamine / xylazine). The cortex was stained by superfusion (2.5mg/ml) and
intravenous injection (10mg/ml) of the pH sensitive dye neutral red. Stimuli
consisted of direct cortical stimulation to evoke responses from parallel fibers
or bipolar electrical stimulation of the face.
Principal component analysis of the images obtained with direct surface
stimulation showed a clear medial-lateral band of activity consistent with
activation of a band of parallel fibers. The PCA analysis extracted parasagittal
bands in Crus II from stimulation of the ipsilateral face. In both cases these
patterns were derived from the first few principal components (ie. those
accounting fora large majority of the variance). These patterns are consistent
with those obtained from simple frame averaging then subtraction of control
images from stimulation images. The results also suggest that principal
component analysis provides the additional power to extract other features of
the image, such as the vasculature. This approach offers the potential to not
only separate out the various contributions to the total fluorescence change
but to quantitize them precisely. Supported by NIH Grants PO1 NS31318
and T32 GM08471

OPTICAL IMAGING OF THE PARASAGITTAL ORGANIZATION IN THE
RAT CEREBELLAR 'CORTEX IN VIVO USING THE PH SENSITIVE DYE
NEUTRAL RED. G. Chen. C. Hanson. T.J. Ebner*. Departments of
Neurosurgery and Physiology, University of Minnesota Medical School,
Minneapolis, Minnesota 55455.
A prominent organizational feature of the cerebellar cortex is that some
of its afferent and efferent projections are organized into parasagittal zones.
In this study we used optical imaging techniques to demonstrate that
stimulation of the face activates parasagittal zones in the rat cerebellar cortex
in vivo.

Crus II was exposed in anesthetized rats (ketamine/xylazine) and stained
with the pH sensitive dye, neutral red (2.5mg/ml), by superfusion for 2-3
hours. Staining was supplemented by intravenous administration of 1ml
(10mg/ml) neutral red delivered over one hour. After washout, Crus II was
imaged (100ms exposure, excitation at 540nm, emission>620nm) with a
cooled CCD camera. A series of images was acquired before, during, and
after ipsilateral bipolar stimulation of the face (500ps, 5Hz, 10-20s).
Subtraction of prestimulation control images from each image obtained after
stimulation yielded a spatial and temporal map of the pattern of activation in
the cerebellar cortex. The most striking feature of the optical responses
was the presence of 3-5 parasagittal zones of increased fluorescence. These
zones spanned both Crus Ila and lib and were 100-500p. in width. The
optical response was abolished by TTX and reduced by CNQX. The time
course of the optical response peaked after stimulation ended and had a
duration of 30 to 120 seconds. The size of the optical signals were as large
as 3-4% change in background fluorescence, and the signals were obtainable
for up to four hours after staining. Previous work suggests that these optical
signals reflect shifts in intracellular pH due to neuronal activity.
These observations are the first optical demonstration of the activation
of parasagittal zones in the cerebellar cortex in response to peripheral stimuli.
Supported by NIH Grants PQ1 NS31318 and T32 GM08471.

751.7

751.8

RELATIONS BETWEEN PURKINJE CELL SIMPLE SPIKE ACTIVITY AND
MOVEMENT VELOCITY AND POSITION IN MONKEYS USING A NOVEL,
TWO-DIMENSIONAL TRACKING TASK. J. D. Coltz* and T. J. Ebner.
Graduate Program in Neuroscience and Depts. of Neurosurgery and
Physiology, University of Minnesota, Minneapolis, MN 55455.
Previous electrophysiological studies of cerebellar Purkinje cells in our
laboratory (Fu et al., 1994) found a signifcant correlation of simple spike
discharge with the movement parameters direction, distance, and target
position. However, the variance in cell discharge accounted for by these
parameters was moderate, suggesting that other variables are needed to
describe more fully the activity of these cells. The present study employed a
novel, two-dimensional visuomotor task that required monkeys to track
moving targets at 5 different velocities, reaching from a centrally located start
position to endpoints in 8 different directions. The velocity profiles of these
moving targets were bell-shaped, and the peak velocities ranged from 2 to 6
cm/sec. Single trial analyses of the Purkinje cell simple spike discharge
utilized a multiple regression model in which the temporal profile of the ceil
discharge was fitted to the profiles for hand position, velocity, and
acceleration. The overall R2 for all cells was greater than that obtained in the
earlier study, having a mean ± s.d. of 0.42 ±0.12. The relative contributions
of each of the parameters were quantified by calculating partial R2 values.
Velocity information contributed more to the overall strength of the model
than did position or acceleration information in 19 of 30 cells. In 11 of 30
cells, position information contributed more than that about velocity or
acceleration. These preliminary findings indicate that movement velocity
and position are important correlates of simple spike activity in the primate
cerebellum. Supported by NIH grants NS 18338 and NS 31530.

ESTRADIOL FACILITATES SYNCHRONIZED OLIVARY OSCILLATIONS
DURING WHISKER MOVEMENT IN THE RAT INDEPENDENT OF INPUT
FROM THE PRINCIPAL TRIGEMINAL NUCLEUS (PrV) OR THE SPINAL
NUCLEUS OF V (SpV). R.L. Markowitz, J.K. Chapin, T.M. Fisher and S.S.
Smith*Dept. ofAnatomy and Neurobiology, MCP/ Hahnemann Univ., Phila. PA.
Ongoing studies from this lab have demonstrated that 17j-estradiol (E2),
administered systemically at physiological doses or local^^y via an indwelling
cannula, enhances synchronized, rhythmic discharge of neurons within die rostral
dorsal accessory olive (rDAO) during rapid movement of die limbs. This effect is
consistent with reports suggesting that increases in circulating levels of E2 facilitate
rapid, alternating movement of the limbs, and is also consistent with die reported
functional role of olivary oscillations, ^.providing the frequency template for rapid
limb movement (Llinas, 1991). For the present study, neurons from tire whisker
receptive area of die rDAO were recorded simultaneously with cells from
corresponding areas of the PrV and SpV using chronically implanted microwire
bundles (NB Labs, Denison, TX). Activity from these three CNS sites could then
be monitored (Spectrum Scientific, Dallas) during active whisking 24 h following
injection of E2 (2 pgs, i.p. for 2 days). Results suggest that periods of active
whisking were accompanied by rhythmic rDAO discharge at roughly tire same
frequency as die average frequency of die movement (-7-9 Hz), hi contrast, die
PrV and SpV demonstrated minimal oscillatory activity during whisking behavior.
E2 enhanced die oscillatory discharge of the rDAO both by shghtly increasing the
number of synchronized, oscillating cells (by -20%) andoy enhancing the
amplitude of the oscillation (by -100%). 1ms effect was unaccompanied by
facilitation of oscillatory activity in either the PrV or the SpV (15-16 cells recorded
per CNS area). Preliminary viaeoanaiysis of concurrent whisking activity, filmed
during the recording paradigm, suggests that the rhythmic neuronal activity
enhanced by E2 was correlated with highly rhythmic whisking; E2 administration
produced whisking at a consistent, invariant frequency of 85 Hz compared to a
highly variable whisking frequency observed under control, diestrous conditions
(5-10 Hz). These results suggest that the facilitatory effect of E2 on rhythmic,
synchronized riDAO activity may underlie, at least in part, its observed behavioral
effect in facilitating rhythmic whisker movement. (Supported by USAF 95-3-0136
to SSS and ONRNC00i14-95-1-0246, NS23722 to JRC)
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CODING OF DIRECTION AND POSITION BY DSCT NEURONS.
G. Bosco. R. Anafi andR. Poppele*. Deptof Physiology Univ. ofMinnesota,
Minneapolis, MN 55455
Recent Rata showed that dorsal spinocerebellar (DSCT) activity may encode the
direction of hinRfoot displacements as well as relative foot position (Bosco &
Poppele, J. Neurophysiol. 70:863,1993). It is not clear, though, if these two
signals are temporally segregated or if they overlap in time.
We characterized the time course of DSCT directional tuning using a typical
center-out paradigm, passively displacing the cat's hindfoot 2 cm in eight
different directions in the sagittal plane. Unit activity recorded in each position
was significantly modulated by movement direction for 5-6s following
displacement, reflecting a broad directional cosine tuning.
In another experiment, the cat’s foot was placed in several positions throughout
the sagittal workspace, each position being approached from 3-4 directions in
separate trials. For 60% of the cells, mean firing rates over 8s were significantly
correlated with the position of the foot relative to the hip. However, only 30% of
the cells showed significant modulation with position for the first 2s following
displacement. The residual modulation was correlated with movement direction
according to a directional cosine model. When this modulation component was
subtracted from the total modulation over 8s, the overall correlation of activity
with foot position improved and became significant in 75% of the cells.
The results suggest DSCT activity represents a combination of two concurrent
signals: one related to the current foot position and the other to the direction of
prior movement. The latter persists for several seconds after the movement.
Supported by a grant from the NIH (NS-21143).
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DEVELOPMENTAL CHANGES IN DISCHARGE PROPERTIES OF CHICK
VESTIBULAR SENSORY NEURONS. K.D. Peusner* and C. Giaume. Dept.
Anatomy and Neuroscience Program, George Washington Univ.,
Washington, D.C. 20037.
The chick tangential nucleus is a vestibular nucleus in the brain whose
principal cells (PCs) undergo major developmental changes in structure and
membrane properties at critical embryonic and hatching ages. During that
period, there is evidence to support that changes in membrane excitability
are correlated with the outgrowth of dendrites, which start growing at 13
embryonic days (E13), and then double in length during the week between
E15 and 1-2 days after hatching (N.Y. Acad. Sci. Abst., 1995). Using
intracellular recording in brain slices, we have focused on the membrane
responses of PCs to injected depolarizing current pulses of 400 msec
duration with intensities ranging from 0.5 to 1.0 nA. At E13, all of the
investigated cells (n=4) responded with a single spike to 1.0 nA of
depolarizing current. At E1 5-16, similar currents produced either a single
spike (n = 3) or in 6 other ceils, the depolarization induced the firing of
several action potentials (APs). This firing was irregular in number,
amplitude and time interval between APs and occurred with an average
discharge rate of 32 APs/sec. At H1-2, PCs responded to the same
depolarizing current by repetitive firing (discharge rate, 68 APs/sec) of APs
with regularly-spaced intervals between the APs (n = 7). These
observations indicate that by hatching PCs can respond to rapidly occurring
synaptic events. Accordingly, parallel to the extensive outgrowth of
dendrites in newborns, which could subserve an increasing number of
synaptic inputs, PCs begin to acquire membrane properties which allow the
cells to follow vestibular stimuli. Supported by NIH grant R01-DC00970.

NEURAL CORRELATES OF VISUAL POSTURAL REFLEXES AND NEGATIVE
PHOTOTAXIS IN LAMPREY. F. Ulldn*. T.G. Deliagina. G.N. Orlovsky and S. Grillner.
Dpt of Neuroscience, Karolinska Institutet, S-171 77 Stockholm, SWEDEN
Eye illumination in lamprey evokes both negative phototaxis (NP), and a roll tilt
towards the light (dorsal light response - DLR). DLR can outlast the stimulus with 30-60s,
and reflects a change in the set-point of the vestibular roll control system. The neuronal
correlate of DLR was investigated with in v/fro-recordings from reticulospinal neurons
(RSNs), which form the main descending system for roll control in lamprey. Optic
stimulation gave a long-lasting potentiation of the vestibular response in ipsilateral RSNs,
which indicates that the roll control system was reconfigured to stabilize a tilted orientation.
The potentiation was largely due to increased excitability in pre-reticular intemeurons. To
elucidate which intemeuronal pathways mediate DLR and NP, behavioural experiments
were performed on conically lesioned animals. Optic nerve fibres in lamprey project
bilaterally to tectum, pretectum and thalamus ("lateral geniculate nucleus", LGN). These
areas project further bilaterally to RSNs; commissural fibres first course ventrally and cross
the midline in the basal plate. Ablation of the tectum, potentiated both DLR and NP: after
illumination of the eye, the animal rolled several times around its longitudinal axis, and
performed repeated yaw turns away from light. This could be explained by a general
disinhibition of reticular cells after tectectomy. The same picture was seen after transection
of the mesencephalic ventral commissure, which indicates that the tecto-reticular inhibition
to a large extent is through crossing fibres. After unilateral ablation of the pretectum, which
presumably also may damage some LGN cells and axons, both DLR and NP could still be
evoked from the ipsilateral eye; contralateral visual responses were as a rule absent.
Transection of the posterior commissure, which connects left and right pretectum, did not
influence NP, nor DLR. Transection of the caudal diencephalic ventral commissure saved
DLR, whereas NP was replaced with positive phototaxis. Cells in contralateral pretectum
or LGN thus appear to play a major role both for NP and DLR, with fibres responsible for
NP presumably crossing the midline at a diencephalic level.

752.3

752.4

VESTIBULAR CONTROL OF HEAD MOVEMENT IN SQUIRREL
MONKEY: MORPHOLOGY OF INDIVIDUAL LATERAL
VESTIBULOSPINAL AXONS. R. Boyle*. D. Petrovic and J. Xu.
Depts. Otolaryngology/Head-Neck Surgery & Physiology, Oregon
Health Sciences Univ., Portland, OR 97201.
The lateral vestibulospinal tract (LVST) provides a pathway through
which the vestibular-nerve afferents can affect head stabilization and
movement. Individual axons of LVST neurons were intracellularly
recorded to determine their short-latency input from the labyrinth and
labeled using biocytin. Main morphological features examined are: axon
trajectory in brainstem and cervical spinal cord, and termination pattern
and segmental distribution in the cervical spinal cord; in several cases the
axon’s cell body was recovered in the vestibular nuclei. Antidromically
identified lumbar-projecting LVST axons often travel in the ventrolateral
funiculus, but can course in the lateral funiculus along the cervical cord.
< 10% of these axons provide a collateral input to the upper cervical
ventral horn; the few axons that could be followed more posteriorly
passed the cervicothoracic junction without branching. Lumbarprojecting LVST axons thus appear to provide a direct channel to the
hindlimbs. LVST axons terminating in the upper cervical segments often
enter the spinal cord in the ventral funiculus, but can course from the
lateral to the ventral funiculi. The termination pattern of these axons
depends on the axon’s funicular location; extensive synaptic input is
provided to ventromedial lamina IX, and laminas VIII and VII, thus
targeting principally the motoneuronal cell groups. In some cases an
axon travels and terminates like other LVST axons, but then changes
funicular pathway and branches in a manner more characteristic of medial
vestibulospinal tract cells. (Supported by PHS NINDS NS27050)

THE COERULEO-VESTIBULAR PATHWAY IN RATS, RABBITS, AND
MONKEYS: QUANTITATIVE IMMUNOHISTOCHEMISTRY, NEUROTOXIN
TREATMENT AND RETROGRADE TRACING. R.J. Schuerger* C.D. Balaban.
Depts. Neurobiology and Otolaryngology, U. Pittsburgh. Pittsburgh, PA 15261
We examined the noradrenergic pathway from locus coeruleus (LC) to the
vestibular nuclei (VN) in rats, rabbits, and monkeys. Noradrenergic projections
were localized immunohistochemically with antibodies raised against catecholamine
biosynthetic enzymes. The density of noradrenergic innervation was quantified.
This analysis revealed a differential distribution of noradrenergic projections
throughout VN. In all three species, innervation is highest in the lateral (LVN) and
superior (SVN) VN. In rats, Deiters’ neurons in LVN receive the densest
projections. In monkeys, highest levels are seen in lateral portions of LVN, SVN,
medio-rostral portions of prepositus hypoglossi and MVN, and to a lesser extent
in group y. In rabbit, the highest innervation density was observed in SVN and
LVN. Since immunoreactive fibers could be traced from LC to VN, the hypothesis
that LC provides noradrenergic innervation of VN was tested by two methods.
First, the neurotoxin /V--2-chloroethyl)-/V-ethyll2-bromolbinzylamme (DSP-4), was
used to selectively destroy LC projections in rats. DSP-4 treatment greatly reduced
noradrenergic innervation of VN. Second, retrograde tracing studies in the VN of
rats (FluoroGold, rhodamine-dextran) and rabbits (HRP) indicated that the pathway
originates only from the ipsilateral, ventral portion of caudal LC, subcoeruleus and
A4. These results suggest that LC activity may play a role in modulating vestibular
reflexes by direct action in VN and may therefor offer an anatomical substrate for
increased vestibular performance during states of heightened arousal.
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INDUCTION OF IMMEDIATE EARLY GENES DURING VESTIBULAR
COMPENSATION. C.L.Darlington*, P.F.Smith, M.Dragunow"
Dept, of Psychology, Univ. Otago, Dunedin, N.Z./"Dept. of
Pharmacology, Univ. Auckland Med. School, Auckland, N.Z.
Vestibular compensation is aprocess of CNS plasticity
that occurs following deafferentation of the vestibular
nerve.Despite the severe ocular motor and postural symptoms that develop immediately following the lesion, many
of these symptoms have disappeared within 2-3 days; this
compensation process is correlated with a return of resting activity to type I neurons in the medial vestibular
nucleus (MVN) ipsilateral to the lesion. Using specific
antibodies for the immediate early gene (IEG) proteins,
c-fos, c-jun and Krox 24, we analysed IEG induction in
guinea pig MVN in 4 conditions: sham; immediately post
unilateral surgicallabyrinthectomy (UL);10hs post-UL; 50
hs post-UL (n=3 each).c-fos was not induced in any condition; c-jun and Krox 24 were induced in the contralateral MVN at 10 hs post-UL only.It may be that c-fos is
induced at another time post-UL, e.g 24 hs. The induction
of c-jun is sometimes associated with cell death, however
analysis of the contralateral MVN at 10 and 50 hs postUL indicated no signs of apoptosis. At present, the significance of Krox 24 induction in the contralateral MVN
is unclear.

752.7
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752.6
EFFECTS OF ELECTRICAL STIMULATION ON VOR AND C-FOS LIKE
PROTEIN EXPRESSION OF THE MEDIAL VESTIBULAR NUCLEI FOLLOWING
UNILATERAL LABYRINTHECTOMY IN RATS. B.R. PARK*. M.S. KIM. M .Y . LEE .

O .J. KIM. Department of Physiology, Wonkwang University School of Medicine &
Medicinal Resources Research Center, Iri 570-749, Korea

The effects of electrical stimulation on vestibuloocular reflex(VOR) and c-fos like
protein expression of the medial vestibular nuclei were investigated for 72 hours
following unilateral labyrinthectomy(ULX) in Sprague - Dawley rats . Electrical
stimulation with 1.0 ms and 100 Hz was applied to the lesioned vestibular system
for 6 hours per day.
ULX caused spontaneous nystagmus with fast phase to the intact side, whose
frequency was 3 .9+0.2 beats/sec (M+SE) just after ULX but disappeared by
postoperative 48 hours. On sinusoidal rotation of the whole body, eye movement
with fast phase to the intact side persisted by rotation toward intact or lesioned side,
but the eye movement induced by rotation toward the lesioned side recovered
normal pattern by 24 hours at 0.1 Hz rotation, by 6 hours at 0.2 Hz. Directional
preponderance which represents the symmetry of bilateral vestibular functions
showed less than 20% on 48 hours, which implies the recovery of symmetry in
bilateral vestibular functions . In electrical stimulation group, spontaneous nystagmus
disappeared by 24 hours, and directional preponderance of VOR was less than 20
% by 24 hours. On immunohistochemistry of the medial vestibular nuclei the
number of c-fos like protein expression was 5.0-8.0 in each nucleus before ULX,
but the number increased to 81.5+6.3 in the lesioned side and 208.4+22.0 in the
intact side on 2 hours. On postoperative 24 hours the number in the lesioned side
was 55.8 + 18 and in the intact side was 7.0+3.0 . However, 48 hours after ULX cfos like protein was expressed equally in both nuclei . By electrical stimulation the
number of c-fos like protein expression was symmetrical in both nuclei 24 hours
after ULX . These results suggest that electrical stimulation ameliorates the recovery
of VOR following ULX by modulation of the bilateral vestibular nuclear activity.
Supported by MRRC sponsored by KOSEF and KOSEF(951-0708-021-2)

752.8

Connections

of the Vestibular
Commissural
Pathway in the Cat
Chen* and R.F. Spencer. Department of Anatomy, Medical College of Virginia,

Synaptic

VESTIBULAR NUCLEI

. F.A.

Richmond, Virginia 23298-0709.
Vestibular commissural connections are believed to be mainly inhibitory in nature
and are thought to play a role in the vestibulo-ocular reflex, the enhancement of
vestibular responses, and recovery of function from peripheral lesions of the Vlllth
nerve. In the present study, injections of biocytin were made into the medial
vestibular nucleus of adult cats to anterogradely label commissural synaptic endings
in the contralateral vestibular complex. By light microscopy, biocytin-labelled
commissural axons were observed coursing medially from the injection site, crossing
the midline ventral to the MLF, and forming terminal arborizations in homotopic
regions of the contralateral medial vestibular nucleus. By electron microscopy,
labelled commissural synaptic endings contained numerous small mitochondria and
were classified on the basis of their content of spheroidal (64.1 %), pleiomorphic
(31.2%) or flattened (4.8%) synaptic vesicles. Cross-sectional areas of vestibular
commissural endings ranged from 0.30 to 4.80 pm2, with a mean of 1.37 ± 0.79 pm2.
Vestibular commissural synaptic endings were associated predominantly with distal
dendrites, but also Were seen in association with proximal dendrites and less
frequently with somata and spine-like appendages. Postsynaptic diameters ranged
from 0.31 to 9.34 pm?- with a mean of 3.36 ± 1.96 pm2. Quantitative analysis of the

soma-dendritic distribution revealed that 81.3% of endings terminated on distal
dendrites, while 12.6% and 5.1% of endings terminated on proximal dendrites and
somata, respectively. Only 1.1% of endings were found to terminate on spine-like
processes. In most instances, each vestibular commissural synaptic ending
established synaptic contact with only one postsynaptic profile. However, multiple
synaptic endings arose from single commissural axons and contacted the same
postsynaptic process. The results of this study suggest that the vestibular
commissural pathway in the cat, like the vestibulo-ocular reflex pathway, is
comprised of both excitatory and inhibitory components.
Supported by USPHS Research Grant EY02191.

DISTRIBUTION OF THE CALCIUM-BINDING PROTEINS IN THE
VESTIBULAR NUCLEI OF THE GUINEA PIG. S. Saussez. L. Ris. P.
Mettens*. N. Gerrits. E. Godaux and R. Pochet. Lab. Histologie, U.L.B.,
1070 Bruxelles, Belgium and Lab. of Neurosciences, Univ. of MonsHainaut, 7000 Mons, Belgium.
In this study, we have undertaken a detailed mapping of calmodulin,
calbindin D28k, calretinin and parvalbumin in the vestibular nuclei of the
guinea pig.
Serial 10 p transverse paraffine sections, either stained by cresyl violet,
either immunostained (polyclonal antibodies) using peroxidaseantiperoxidase procedure and diaminobenzidine were analysed.
No neurons were parvalbumin positive. In the superior vestibular
nucleus, 80 % of the neurons were calmodulin positive and were
uniformely distributed. 30 % of the neurons were calretinin positive without
any particular spatial distribution. The 3.5 % of the neurons which were
calbindin positive were preferentially located in the dorsolateral part of the
nucleus. In the medial vestibular nucleus, 70 % of the neurons were
calmodulin positive and uniformely distributed. 32 % were calretinin
positive. 9 % were calbindin positive and located along the medial side of
the nucleus. In the lateral vestibular nucleus, 90 % of the neurons were
calmodulin positive. Giant, medium and small-sized neurons were equally
labelled. 31 % were calretinin positive. Among them, 35 % belonged to the
giant or Deiters neurons. 3 % which were calbindin positive were of small
size. In the descending vestibular nucleus, 90 % of the neurons were
calmodulin positive. 14 % were calretinin positive. 10 % were calbindin
positive.
We conclude that, in vestibular neurons, calmodulin is highly expressed,
calretinin and calbindin are less abundant and parvalbumin is absent.

752.9

752.10

SPATIOTEMPORAL PROPERTIES OF CENTRAL OTOLITH
NEURONS IN DEVELOPING RATS. C.H. Lai and Y.S. Chan
(SPON: The Hong Kong Society of Neurosciences). Department of
Physiology, Faculty of Medicine, The University of Hong Kong,
Sassoon Road, Hong Kong.
To examine the postnatal maturation of the spatiotemporal
properties of vestibular nuclear neurons, extracellular activities were
recorded from neurons in the lateral and descending vestibular nuclei
of decerebrate rats (7-21 days and adult) during off-vertical axis
rotations (OVAR: 1.75 - 15°/s; 10° tilt) that selectively stimulate the
otoliths. Two groups of units were identified based on their
bidirectional response sensitivity, 8, to OVAR in the CW and CCW
directions. One group had symmetric and velocity-stable 8; their gain
tuning ratios, a, were similar to those of narrowly spatiotemporal-tuned
neurons. The other group had asymmetric and velocity-variable 8;
their o values were similar to those of broadly spatiotemporal-tuned
neurons. The proportion of broadly tuned neurons in the sampled
population decreased with age: 50% at 7 days of age and 27% in adult.
Both the best response orientations of the narrowly tuned units and the
preferred orientations of the broadly tuned units were distributed
predominantly in the transverse direction in 7-day old rats but were
found in all directions on the plane of rotation in older rats. There was
also a significant increase in the response gain of these neurons in
older rats. Our results suggest that a coordinate frame of head
positions with respect to gravity progressively emerges within the
vestibular nucleus in the course of postnatal development

FUNCTIONAL CHARACTERISTICS OF IPSILATERAL AND
CONTRALATERAL INPUTS TO CENTRAL OTOLITH NEURONS
OF CATS AFTER ACUTE UNILATERAL LABYRINTHECTOMY.
Y.S. Chan*. Department of Physiology, Faculty of Medicine, The
University of Hong Kong, Sassoon Road, Hong Kong.
To determine the nature of the ipsilateral and contralateral otolith
inputs, extracellular activities of vestibular nuclear neurons on both the
lesioned and labyrinth-intact sides were examined during off-vertical
axis rotations (OVAR: 1.75 - 15°/s; 10° tilt) in decerebrate cats after
acute hemilabyrinthectomy (HL). A bidirectional response sensitivity
ratio 8 (the sensitivity of each neuron to OVAR in the CW and CCW
directions) was used to evaluate the spatiotemporal properties of the
neurons. Those with symmetric and velocity-stable 8 were grouped as
narrowly spatiotemporal-tuned neurons while those with asymmetric
and velocity-variable 8 were grouped as broadly tuned neurons. More
broadly tuned neurons were found in HL cats (a higher proportion on
the lesioned side than on the intact side) than in control cats. This
suggests that the more prominent broadly tuned responses of HL cats
are normally masked by inputs from the contralateral side. On both
sides, the directional preference of the broadly tuned neurons and the
best response orientations of the narrowly tuned neurons were found
predominantly on the segment of the polar diagram ipsilateral to the
side of recording, implying that the crossed otolithic inputs carry
information to complement inputs arising from the ipsilateral side.
Thus, otolith inputs from the two sides contribute to determine the
spatiotemporal properties of the vestibular nuclear neurons in coding
head orientations. (Supported by H.K. Research Grants Council.)
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RESPONSE OF MEDIAL VESTIBULAR NUCLEUS NEURONS TO
HORIZONTAL LINEAR AND ANGULAR STIMULATION OF
DECEREBRATE CAT. R.H. Schor*. B.C. Steinbacher. BJ, Yates. Dept.
Otolaryngology, University of Pittsburgh, Pittsburgh, PA 15213.
Responses arising from the vestibular utriculus encode the direction of linear accelerations in the horizontal plane. Afferents optimally encoding all directions of tilt exist
in roughly comparable numbers, especially if considering inputs from both labyrinths.
Yet studies of central vestibular neurons located in the lateral and inferior vestibular
nuclei, as well as neurons located in the pontomedullary reticular formation, showed a
preponderance of neurons responding more vigorously to roll (lateral tilt) than to pitch
(fore-aft tilt).
Guided by observations that lesions that include the medial vestibular nucleus
(MVN) abolishes (pitch) vestibulo-sympathetic reflexes, we examined the responses of
neurons in the MVN and adjacent inferior vestibular nucleus (IVN) of 7 decerebrate cats.
Responses attributed to activation of otolith (utricular) receptors were recorded during
constant velocity rotation in the animal’s horizontal plane about an axis tipped 10 ° from
the vertical (changing linear acceleration). Out of 47 tested neurons, 28 responded to
this stimulus; 12 responded best when nose down or nose up, 5 responded best when
one ear was down, and the other 11 responded best at intermediate positions near the
planes of the vertical canals.
Many of these responsive neurons were also tested for horizontal canal input using
sinusoidal rotation (angular acceleration) about an earth-vertical axis. 25/45 neurons
were modulated by this stimulus, with response dynamics consistent with canal input.
In 41 neurons tested, 16 responded to both stimuli, suggesting convergence between
utricular and horizontal semicircular canal afferents.
These results suggest that in addition to its well-known input from the horizontal
semicircular canals, the MVN may serve as an important relay for pitch linear
acceleration stimuli. Supported by NIH Grants NS24930 and DC00693.

CALCIUM-DEPENDENT CONTROL OF SIGNAL TRANSFORMATIONS IN
MEDIAL VESTIBULAR NUCLEUS NEURONS. Sascha du Lac! UCSF Dept, of
Physiology and Keck Center for Integrative Neuroscience, San Francisco CA 94143.
A combination of mechanisms at the cellular and network levels determine how
head movement signals are transformed into the appropriate oculomotor commands.
To investigate the cellular control of signal transformations in vestibulo-ocular reflex
pathways, we have assessed the effects of blocking calcium channels on the gain and
dynamics of spike generation in Medial Vestibular Nucleus (MVN) neurons. MVN
neurons recorded in avian brain slices were injected with intracellular current to
measure spike generation gain (slope of the relationship between mean firing rate and
input current amplitude) and dynamics (timecourse of instantaneous firing rate during
the step).
In normal MVN neurons, spike generation is highly linear over a wide range of
input amplitudes and has highly stereotyped dynamics including little decrease in
firing rate during the course of a 1 sec current step. Bath application of the calcium
channel blocker cadmium (Cd; 100 uM) had a number of pronounced effects on spike
generation in MVN neurons. First, the relationship between current and firing rate
became nonlinear in the presence of Cd: a given amount of current produced smaller
changes in firing rate as the current amplitude increased. Second, spike generation
gain increased, relative to control, at low current amplitudes. Finally, Cd altered
spike generation dynamics: firing rate decreased markedly during current steps. The
small conductance calcium-activated potassium (SK) channel can not be solely
responsible for these effects: blocking the SK channel with apamin (100-200 nM)
produced a smaller effect on spike generation gain with no effects on linearity or
dynamics. These results demonstrate that calcium influx into MVN neurons
modulates spike generation gain, dynamics, and linearity and suggest that regulation
of calcium-dependent processes could underlie adaptive changes in the gain and
dynamics of the vestibulo-ocular reflex.

752.13

752.14

METABOTROPIC GLUTAMATE RECEPTORS IN THE MEDIAL VESTIBULAR
NUCLEUS IN VITRO. P.F.Smith*, C.L. Darlington Dept.of
Psychology, Univ. Otago, Dunedin, New Zealand
The aim of the present study was to examine the response of guinea pig medial vestibular nucleus (MVN) neurons in brainstem slices to the selective metabotropic
receptor agonist, IS,3R-anino-cyclopentyl-l,3-dicarboxylate (ACPD). Extracellular recordings were made from single MVN neurons using standard in vitro techniques. 60%
(12/20) of MVN neurons responded to 1S,3R-ACPD at a concentration of 10 M, compared to 40| (8/20)__^d 35% (7/20)
of neurons at concentrations of 10
and 10
M. Both
increases and decreases in firing rate were observed in
different neurons: in general, the magnitude of the responses was large and the duration of the responses was
long. Recordings from a slice which contained only the
MVN confirmed that these responses were produced by the
action of the metabotropic agonist within the MVN itself.

EFFECT OF VESTIBULOCEREBELLUM AND INTERACTION OF
NECK INPUT WITH VESTIBULAR INPUT TO THE CAUDAL
VESTIBULAR NUCLEI. D. B. Thomson* H. Ikegami. R. H. Schor
and V. J Wilson. The Rockefeller University, New York, NY, 10021.
Previously, we studied the vertical vestibular input to neurons in the
caudal half of the descending and medial vestibular nuclei (CVN) in
decerebrate cats with the caudomedial cerebellum removed. In the present study we investigated whether CVN neurons respond differently to
vestibular stimuli when the caudal cerebellar vermis is intacL Little
influence was observed. As in the partially decerebellated preparation,
neurons classified as receiving input primarily from otoliths displayed,
on average, a modest gain increase (cthreefold per decade) and phases
that led position by 33-39° over the range of 0.05-1 Hz whereas canal
neurons displayed a gain slope of 19 per decade and phases that led
velocity by more than 30°. In both preparations, the response vector
orientations of canal neurons were clustered near the canal planes and
those of otolith neurons tended to be in the roll quadrants. The CVN
receive direct projections from upper cervical primary afferents, and
we further examined the responses of neurons in this region to natural
neck rotation and to combined vestibular-neck stimulation. Only 30%
of neurons responded to neck rotation in the range of 0.05-0.5 Hz. We
investigated neck-vestibular interaction in 17 neurons that showed neck
and vestibular responses with phase differences <45°. Only 7/17 neurons had “antagonistic” neck and vestibular vector orientations (i.e. differing by >120°) and 3/17 neurons had “synergistic” vectors (i.e. differing by <60°). In contrast, >50% of neurons in more rostral areas of
the vestibular nuclei receive neck input, which is almost always antagonistic. Supported by NIH (DC 02187 and NS 24930) and by HFSPO.

752.15

752.16

DYNAMIC RESPONSES OF VESTIBULAR NUCLEI AND PREPOSITUS
NEURONS IN THE ALERT GERBIL. G.D. Kaufman* and A.A. Perachio.
Departments of Otolaryngology, Physiology & Biophysics and Anatomy &
Neurosciences, Univ. TX Med. Br., Galveston, TX 77555-1063.
The responses of neurons in the nucleus prepositus hypoglossi (PrH) were
recorded in alert gerbils during horizontal angular or linear head acceleration in
the dark. Angular acceleration, ranging from 0.05 to 2.0 Hz, 30°/sec. to
120°/sec., was applied in the plane of the horizontal semicircular canals. At
frequencies below 0.5 Hz, phasic bursting occurred during the otherwise
inhibitory portion of the cycle in some PrH neurons. From 0.2-2.0 Hz gain
increased (0.23 S/s/deg/s ± 0.04 SEM to 0.43 S/s/deg/s ± 0.07 SEM).
Response phase led 23° ± 7° SEM at 0.2 Hz. Phase gradually decreased with
frequency. Above 0.5 Hz phase lag increased to 26° ± 4° SEM at 2.0 Hz.
Otolith organ-related responses were recorded to pure linear acceleration
during horizontal sinusoidal translational motion, ranging from 0.25 to 5.0 Hz,
0.05 to 0.5 x g peak accelerations. Average response gain at 0.5 Hz and 0.1 G
was 194 S/s/g ± 26 SEM. Phase led acceleration 110° ± 26° SEM. Twodimensional spatio-temporal convergence was observed in most cells for
frequencies above 0.25 Hz. In contrast to medial vestibular nuclei (MVN)
cells, the response vector maximum sensitivity in PrH neurons phase led
acceleration by 90° while the orthogonal vector produced an acceleration phase
related response. A model will be presented of the interaction of PrH and
MVN neurons at abducens motoneurons to regulate vestibulo-ocular responses.
Supported by NIH grants DC00385 and DC00111.

VESTIBULAR NUCLEI NEURON RESPONSE DYNAMICS PRODUCED BY
COMMISSURAL CONVERGENCE IN PIGEONS. J.D. Dickman*. Depts. of
Surgery (Otolaryngology), Anatomy, and Physiology, University of Mississippi
Medical Center, Jackson MS 39216
How do vestibular nuclei neurons synthesize the information from the paired
complementary semicircular canals into a unified output signal? To answer this
question, the dynamic properties of vestibular nuclei neurons in pigeons were
examined by individual and paired stimulation of the horizontal semicircular
canals using both mechanical micropushers and rotational acceleration.
Extracellular single fiber responses from horizontal canal-related neurons were
obtained in awake decerebrate birds that were paralyzed (Pancuronium) and
ventilated (250 ml/min, 02/C02). Mechanical micropusher stimulation (0.01 to 10
Hz, ±2.5 pm) of the exposed ipsilateral horizontal membranous duct was delivered
first, followed by identical contralateral canal stimulation. Bilateral mechanical
stimulation was next delivered, with left and right canal stimuli being 180° phase
displaced. Rotational stimulation (0.01 - 4 Hz, 20 deg/sec) was finally delivered as
a comparison. All Type I neurons responded to ipsilateral canal stimulation with
increasing gains and phase advances relative to inward membranous duct
displacement. Contralateral canal stimulation produced responses with much
small gains and phases that were generally phase displaced by 180°. Two different
response patterns were obtained with bilateral canal stimulation; one with additive
gains from ipsilateral and contralateral canal responses and one with subtractive
gains. Phase differences in the ipsilateral and contralateral canal high frequency
stimulation were correlated with the type of response profile, where differences
greater than 180° resulted in subtractive gains. These phase differences suggest
that spatio-temporal convergence between inputs from the' two complementary
labyrinths exist for vestibular nuclei neurons and may be utilized to produce the
total output signal that is projected to the target cell.
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RESPONSES OF SECONDARY VESTIBULAR NEURONS TO
MECHANICAL VESTIBULAR STIMULATION IN THE TOADFISH
OPSANUS TA U. A. F. Mensinger* and S. M. Highstein. Dept, of
Otolaryngology. Wash. Univ. Sch. of Med., St. Louis, MO 63110.
The response dynamics of toadfish horizontal semicircular canal afferents have been classified into three rough groups (high- and low-gain
velocity sensitiveand acceleration; Boyle & Highstein 91, Rabbit et al.
95) utilizing rotary and mechanical stimuli. We employed mechanical
stimuli (canal indentation) to study the fidelity of transfer of these nerve
dynamics to central afferent branches and secondary vestibular neurons.
Intra- and extracellular recording and intracellular injection of recorded
neurons were utilized. The central branches of primary afferents were
labeled and identified by the presence of terminal boutons and nerve
trunks traveling peripherally. In general, responses of afferent central
branches were 2-5 times less sensitive and phase-lagged control
peripheral records. Secondary neurons, primarily in the descending and
posterior octaval nuclei demonstrated similar response dynamics as
central branches. Both high and low gain responses were observed but
phase covered a broader range than in primary afferents. In contrast to
peripheral nerve responses, central neurons were insensitive to low
frequency stimuli (below 1Hz) but were responsive in the 1-10 Hz range
These results suggest that ' central processes of primary afferents serve to
modify response dynamics of peripheral semicircular canal nerve axons.

RESPONSES OF VESTIBULAR NUCLEUS TO ROTATION OF THE
TURTLE HEAD IN VITRO. M, Ariel*. T.X. Fan and C.A Scudder.
Saint Louis Univ., MO 63104 and Univ. of Pittsburgh, PA 15213.
Extracellular spike recordings were made from the vestibular
nucleus (VN) during rotation of an in vitro turtle brainstem in which
the temporal bones remained attached. The lateral canals were
roughly aligned with the horizontal plane and the vertical axis of
rotation was centered between the labyrinths. This preparation
responded to vestibular stimulation for up to several days. In some '
preparations, horizontal canal sensitivity was confirmed by plugging
the vertical canals or stimulation about the interaural axis.
Single VN units were isolated when they responded to horizontal
sinusoidal stimulation and then quantified for different stimuli. Spike
histograms were averaged from many stimulus cycles and fit to a
rectified sine function. VN units were then categorized as encoding
stimulus velocity or acceleration in the ipsi- or contraversive direction.
Common features of these neurons were their low levels of spontaneous activity and their rectified sinusoidal responses to sinusoidal
rotation. Each cell had a characteristic phase (re table velocity) that
was invariant below 1 Hz stimulation. Response phase varied
substantially between cells, with most phase values between a 45° lag
to a 90° lead. The response gain (re table velocity at 1 Hz) was
between 0.1 and 25, indicating substantial heterogeneity of these cells’
responses. These response features will be described and compared
to that of turtle vestibular afferents and VN cells in other species.
(Supported by EY 05978 to MA)

752.19

752.20

CERVICAL INFLUENCES ON THE DIRECTIONAL PROPERTIES OF THE
VESTIBULOSPINAL
REFLEX. O.Pompeiano*.
P.Andre
and
D.Manzoni. Dept. Physiol. Biochem., Univ. of Pisa, Via
S.Zeno 31, Pisa, 1-56127.
The vestibular input induced by rotation of the animal
in a given direction produces an appropriate postural
adjustement. We investigated whether the pattern of the
vestibulospinal (VS) reflex recorded from the forelimb
extensor triceps brachii (TB) could be modified by a
relative body-to-head displacement, as expected in order
to preserve body stability.
In decerebrate cats, the
multiunit EMG activity of the TB was recorded during
wobble of the whole animal at 0.15 Hz, 10°. This stimulus
allowed
to
determine
the
muscle
response
vector
corresponding to the direction of
head displacement
leading to the maximal EMG response. When the body was
kept straight with respect to the head the response vector
of the TB was always oriented close to the transverse
axis, pointing to the side-down direction. Following 30°
of body-to-head displacement around a vertical
axis
passing through the atlanto-occipital joint, the response
vector of the TB shifted in the same direction of body
rotation, thus remaining approximately perpendicular to
the body axis. The shift of the response vector was
consistently reduced by inactivation of the cerebellar
anterior
vermis
following
microinjection
in
lobule
V (culmen)
of
the
GABA-A
agonist
muscimol
(0.5 pi at 8 pg/pl saline).
These
findings
indicate
that:
i) the sensory input of cervical origin is able to
modify the pattern of the VS reflex which appears to be
organized in a body-centered reference frame;
ii) the
cerebellar vermis is required for the proper execution of
this sensorimotor transformation.

DIFFERENCES BETWEEN THE UTRICULAR ACTIVATED AND
SACCULAR ACTIVATED SECOND ORDER VESTIBULOSPINAL
NEURONS IN CATS. H. Sato1*, M.Imagawa1, M. Sasaki1, K. Endo1,
H. Ik^j^^i^m, N. I su2 andY. Uchino1. 1 Dept of Physiol^ Tokyo Med.
College, Tokyo 160; 2Dept. of Inform. Eng., Tottori Univ., Tottori 680.
Axonal trajectories and locations of the cell bodies of utricular (UT)
and saccular (SAC) activated vestibulospinal neurons (VSNs) were
studied in decerebrated or anaesthetized cats. Bipolar stimulating
electrodes were placed on either the UT or the SAC nerve with the other
vestibular nerve branches transected. Monopolar stimulating electrodes
were positioned in the lateral vestibulospinal tracts (LVST) bilaterally and
the medial vestibulospinal tracts (MVSt ) at the Cl. Similar electrodes
were bilaterally inserted into the ventral funiculi at the C2-4, C7-T1 and
L3, and into the third nucleus. The majority of UT-activated VSNs were
located in the rostral part of the descending vestibular nucleus, w’hile the
SAC-activated VSNs were mainly located in the lateral vestibular
nucleus. Almost none of UT- and SAC-activated VSNs were activated
from the third nucleus. The numbers of UT-VSNs (n=46) and SACVSNs (n=46) activated from the each spinal segment were as follows:
Spinal segments
Cl
C2-4
L3
C7-T1

OCULOMOTOR SYSTEM:

i-LVST

MVST
c-LVST

utricular
saccular
utricular
saccular
utricularsaccular

32
14
6

29
8

3

30

28

12

8

7
3

20

1
10

0
0

1

0
0

0
0

4
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753.1

753.2

ANATOMICAL SUBSTRATES FOR PRETECTAL CONTROL OF LID
MOVEMENTS IN A PRIMATE. P.J. May* Deparments of Anatomy and Neurology,
University of Mississippi Medical Center, Jackson, MS 39216.
The eyelids are controlled by two voluntary muscles. The levator palpebrae superioris,
whose motoneurons . are found in the caudal central subdivision of the oculomotor
complex, is active during vertical eye movements, while the orbicularis oculi, whose
motoneurons are found in the facial nucleus dorsolateral subdivision, produces blinks.
Based on clinical and non-primate experimental evidence, the possibility of pretectal
inputs controlling lid movements was investigated by injecting WGA-HRP, biocytin or
biotinylated dextran amines (BDA) into the pretectum of macaque monkeys. While large
pretectal injections bilaterally labelled terminals in both the orbicularis and levator
subdivisions, a smaller WGA-HRP injection centered in the olivary pretectal nucleus did
not label terminals in these subdivisions. Nevertheless, a similar olivary biocytin
injection did reveal a sparsely distributed collection of fine terminals and boutons among
retrogradely labelled levator motoneuons. These were most dense along the ipsilateral
edge of the caudal central subdivision. BDA injections that included the nucleus of the
posterior commissure bilaterally labelled thick axonal arbors in the caudal central
subdivision that had numerous large terminal and en passant puncta. Similar terminal
arbors were also observed bilaterally among the orbicularis oculi motoneurons in a case
with a caudally placed large nucleus of the posterior commissure injection. However,
these facial terminals were not present in a case where only the nucleus of the posterior
commissure and the anterior pretectal nucleus were involved. A BDA injection in die
superior colliculus and posterior pretectum also produced arbors with large puncta in the
caudal central subdivision. In conclusion, the light evoked blink reflex pathway that
connects the olivary pretectal nucleus to orbicularis oculi motoneurons in both facial
nuclei in the cat is not evident in the monkey, although a minor, perhaps inhibitory
projection to levator motoneurons is present. A pretectofacial pathway is present, but its
precise source remains to be identified. Another pretectal area, die nucleus of the
posterior commissure, may supply a major input to levator motoneurons. This projection
may modulate lid movements in concert with vertical gaze changes. Support: EY09762.

THE PIGEON ACCESSORY OPTIC SYSTEM: VISUAL INPUT IN EYE MUSCLE
COORDINATES DRL Wylie*. R.G. Glover. K.L. Lau, B. Morgan, and B.J. Frost.
Department ofPsychology, University of Alberta, Edmonton, Alberta, Canada, T6G 2E1.
The generation of compensatory eye movements in response to rotational head
movements involves the transformation of visual-optokinetic and vestibular signals into
commands controlling the appropriate eye muscles. The optokinetic information is
analysed by the Accessory Optic System (AOS). It has been demonstrated in rabbits and
pigeons that the three systems (AOS, vestibular, eye muscle) share a similar threedimensional reference frame. In this report we suggest that in pigeons the optokinetic
system is organized with respect to the eye muscles rather than the vestibular canals.
Measurements of the plane of die horizontal recti were obtained from 5 pigeon eyes. Using
standardiextracehular techniques we recorded from two structures in the pigeon AOS: (1)
the pretectal nucleus lentiformis mesencephali (LM), and (2) the nucleus of the basal optic
root (nBOR). The LM and nBOR contain neurons responsive to optokinetic stimuli (OKS)
moving forward and backward in the contralateral hemifields, respectively. Thus, activity
in the LM and nBOR result in contraction of the contralateral medial rectus (MR) and
lateral rectus (LR), respectively. We also recorded from Purkinje cells in the flocculus of
the vestibulocerebellum (VbC). Neurons in the VbC have binocular receptive fields
(RFs). The ipsilateral and contralateral RFs respond to OKS moving forward and
backward, respectively. Thus, activity of VbC neurons results in contraction of the
ipsilateral MR and contralateral LR, respectively. A close correspondence was found
between the plane of the MR, the direction preferences of LM neurons, and VbC neurons
in response to stimulation of the ipsilateral hemfield. In all cases the vectors were
approximately aligned with the horizontal. A close correspondence was also found
between the plane of the LR, the direction preferences of nBOR neurons, and VbC
neurons in response to stimulation of the contralateral hemifield. In all cases the vectors
were tilted downward from the horizontal by about 30°. In sum, there is a close
correspondence between the planes of the horizontal eye muscles and the direction
preferences of AOS and VbC neurons providing optokinetic input to those muscles.
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EFFECTS OF MESENCEPHALIC RETICULAR FORMATION (MRF)
ELECTRICAL MICROSTIMULATION UPON EYE MOVEMENTS IN
PRIMATES. V.L. Silakov*. D.M. Waitzman and S.J. Tinturin. Newington
VAMC, 555 Willard Ave, Newington, CT 06111.
While electrical microstimulation (MCS) is known to generate
contraversive horizontal eye movements (EM) in monkeys (Cohen et al.,
1984), the effects of behavioral state, variation in the rostral-caudal site, and
changes in the initial position (IP) of the eyes have not been systematically
explored. EMs were elicited using 80-100 (lamps of current through
tungsten microelectrodes in two head fixed monkeys. The monkeys sat in a
dark room and fixated a small spot of light which either remained lit or was
extinguished just prior to MCS. Sixty sites throughout the rostral-caudal
extent of the MRF were explored. At 23 sites IP was varied across a 5 or 9
point grid which spanned the oculomotor range in 20° steps. Saccades from
0.5° to 25° amplitude were elicited. Direction of elicited EMs varied from
primarily horizontal in the caudal regions to vertical in the more rostral
regions. At 60% of the sites at which IP was varied, there was a distinct
correlation of IP with elicited saccade amplitude (r2 > 0.5) such that shifts
of IP toward the direction of the movement (as defined from primary
position) were associated with smaller elicited amplitudes. A commensurate
change in saccade direction accompanied the reduction in saccade
amplitude. The large changes in EMs following MCS suggest that the MRF,
distinct from the superior colliculus, may be organized in a craniotopic
coordinate system.
Supported by NIH Research Grant EY 09481 and a RAG grant from the
Office of Medical Research, Dept, of Veterans Affairs.

BRAINSTEM AND PRETECTUM
753.4

CELLS ENCODING VELOCITY AND DYNAMIC MOTOR ERROR
RESIDE IN THE MONKEY OCULOMOTOR COMLEX (III) AND
MESENCEPHALIC RETICULAR FORMATION (MRF).
D.M. Waitzman*, V.L. Silakov and D.R. D'Angelo. Newington VAMC,
555 Willard Ave, Newington, CT 06111.
Previous single unit recordings in III have emphasized that the pulse of
activity observed in oculomotor neurons (OMNs) is stereotypic and the
frequency of the instantaneous discharge during the OMN pulse controls eye
velocity. The discharge dynamics of 43 neurons within III and 31
horizontal, saccade related MRF neurons were studied in 2 awake, headfixed monkeys performing visually guided saccades. Neuronal discharge
frequencies were expressed as a spike density function (SD) and
individually matched to the temporal dynamics of individual saccades.
Motor error (ME) neurons (MRF=8 and 111=12) had a monotonic decline of
SD with declining motor error. Phase plane plots of SD versus eye velocity
generated an open loop indicating a different level of activation during the
accelerating and decelerating phases of the saccade. Velocity (VEL) neurons
(MRF=16 and 111=11) had a "ski-jump" decline of SD with declining ME.
These cells showed a closed loop response for the SD versus VEL phase
plane. The remainder of the neurons demonstrated a mixture of these two
responses. In light of similar responses of saccade related cells in the
superior colliculus, these results suggest that both VEL and ME are
controlled variables at multiple levels of the primate oculomotor system.
Supported by NIH Research Grant EY 09481 and a RAG grant from the
Office of Medical Research, Dept. of Veterans Affairs.

753.5

753.6

THE NITRIC OXIDE - cGMP PATHWAY CONTRIBUTES TO THE CONTROL
OF HORIZONTAL EYE MOVEMENTS BY PREPOSITUS HYPOGLOSSI
NEURONS. M. Escudero*. B. Moreno-Lopez. and C. EstradaS Laboratory of
Neuroscience, Faculty of Biology, University of Sevilla, and §Department of
Physiology, Faculty of Medicine, UAM, Madrid, Spain.
Nitric oxide (NO) is a difusible gas synthesized by some neurons in the
central nervous system, with an intercellular communication function, which
is mediated in most cases by activation of guanylate cyclase in target cells.
The possible role of nitric oxide as a modulator in the cat oculomotor system
was investigated based on the large number of neurons containing NO
synthase (NOS) present in the prepositus hypoglossi nucleus (PH).
Alert cats prepared for chronic recording of eye movements by means of
the magnetic search-coil technique were used. Local injections of the NOS
inhibitors L-nitroarginine methyl ester (L-NAME; 10-40 nmol) and L-Nmonomethylarginine (L-NMMA; 30-60 nmol) in the anterior third of the PH
produced conjugated nistagmic eye movements with slow phases directed
to the contralateral side. This spontaneous eye movement alteration was
dose-dependent, appeared within 1-2 minutes after injection, lasted for 3060 minutes and was more evident in complete darkness. The effect of NOS
inhibitors was stereo specific because the isomer D-NAME was without
effect, and was abolished by simultaneous administration of the NOS
substrate, L-arginine. Injections of the NO donor sodium nitroprusside (SNP)
or the permeative analog of cGMP 8-bromo-cGMP in the PH produced an
effect opposite to that of NOS inhibitors, this is, conjugated nistagmic eye
movements with slow phases directed to the ipsilateral side. These results
indicate that NO produced by PH neurons modulates via cGMP the
generation of the motor signal that control horizontal eye movements.
This work was supported by grant 94/ 0388 from FIS, Spain.

MODELING THE OCULOMOTOR EFFECTS OF IBOTENIC
ACID LESIONS OF THE MACAQUE NUCLEUS
PREPOSITUS HYPOGLOSSI (NPH). R. SoetedjoU and
C.R.S. Kaneko*2'3 Depts. Bioengineering1 and Physiology &
Biophysics2 and Regional Primate Research Center3, Box
359010, University of Washington, Seattle, WA 98195-9010

753.7

Society

The nature of the effects of lesions of the nph, the
putative position integrator in the oculomotor system, was
examined by comparing the behavior of a monkey that had
multiple bilateral lesions of its nph with predictions of the
Scudder and Robinson models. A multiply nph-lesioned
monkey cannot hold its eyes on an eccentric target for
fixation after making a saccade and position drift in the dark
is greatly exacerbated. The shape of the drift showed two
components, an initial fast drift followed by a slower decay.
In order to fit the shape of the monkey's drift with either
model, the lesion must affect both the time constant and
gain of the integrator path. If gain and time constants are
adjusted to fit drift in the dark, Robinson's model predicts
that saccades will overshoot and Scudder's model predicts
undershoot both followed by the drift. Robinson's model
also predicts a large overshoot if the gain of the integrator is
too low.

Supported by PHS grants EY06558, EY00745 (NE1) and RR00166 (NIH)

753.8

ANALYSIS OF PRIMATE INHIBITORY BURST NEURON SPIKE TRAIN
DYNAMICS: GAZE VERSUS EYE BASED MODELS DURING COMBINED
EYE-HEAD GAZE SHIFTS. K.E.Cullen* and . D.Guitton. Aerospace Medical
Research Unit & Montreal Neurological Inst. McGill University, Montreal, Canada.
We used metric analysis and systems identification techniques to relate EBN
discharges to the dynamics of gaze, eye, and head during head-free gaze shifts. Burst
versus gaze durations were similar head-fixed and head-free, and the number of
spikes was better correlated to head-free gaze, than eye amplitude. Latencies
calculated using dynamic models were significantly lower than those based on the
onset of the first spike in head-fixed and head-free conditions. Regardless of an
IBN’s onset or dynamic lead, simple downstream (velocity based) models were
better than upstream models (non-linear function of motor error) at predicting IBN
discharges. The most relevant parameters to head-free downstream models were a
velocity gain coefficient and a bias term. For all models with a bias term, gaze and
eye velocity were equally good at predicting IBN activity, however the bias term
estimated for eye based models was significantly higher than that for gaze based or
head-fixed models. Head velocity based models provided worse fits than gaze or eye
velocity based models. Acceleration and higher order non-linear velocity terms
slightly improved the variance accounted for in our models (10%), whereas, use of
acceleration and pole terms (the derivative of the IBN firing rate) greatly improved
model fits, when initial conditions (ICs) were estimated as parameters (115%).
However, these models yielded bias terms that were unrealistically negative. Models
with only a gain and bias term, in which the bias term was estimated separately for
each gaze shift, provided fits comparable to those with a pole term with estimated
ICs. Estimated biases were inversely correlated with the peak gaze velocity and/or
amplitude for 39 % of the IBNs, in both head-free and head-fixed conditions (gaze
base models). In contrast, these values were related with peak velocity and/or
amplitude of the head-free eye mo >;ment component for only 18% of IBNs (eye
base models). We suggest that the bias term is critical for evaluating the significance
of model fits: 1) the bias enables a distinction between head-fixed and head-free fits,
and suggests that gaze velocity is more relevant than eye velocity in describing IBN
discharges during gaze shifts 2) the bias is strongly related to the metrics of saccades
head-fixed and the metrics of gaze, not eye, head-free.
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NEURAL NET SIMULATION OF EYE POSITION COMMAND TO MEDIAL
RECTUS MOTONEURONS FROM ABDUCENS INTERNUCLEAR
NEURONS. Paul Dean*. Dept. of Psychology, University of Sheffield,
Sheffield S10 2TP, England.
Ocular motoneuron firing rate is linearly related to eye position (in the
relevant direction) with slope K, above recruitment threshold T. Within the
population of ocular motoneurons K increases as T increases. It is not known
how these relations are derived from the combination of input signals with
intrinsic motoneuron properties.
Possible derivations were investigated by simulating the input signal to
medial rectus motoneurons (MR-MNs) from intemuclear neurons of the
abducens nucleus (AINs). AINs were represented as input nodes in a two layer
neural-net, each with weighted connections to every output node representing an
MR-MN. The output node bias term acted as the intrinsic MR-MN threshold.
Inputs to the net were conjugate eye-position commands, used to generate
realistic firing patterns in the AINs (Fuchs et al., J.Neurophysiol. 60:1874,1988;
Gamlin et al., J.Neurophysiol. 62:70,1989). The output of the net was compared
with actual MR-MN firing patterns for that eye position (Gamlin & Mays,
J.Neurophysiol. 67:64,1992). Weights were adjusted as a result of the
comparison using gradient descent error-reduction.
The simulations showed: (1) MR-MN firing rates were accurately
reproduced by AIN populations in which K was unrelated to recruitment
threshold T, and in which maximum values of T were up to 25 deg less than
those in the MR-MN population. (2) Accuracy could still achieved when the bias
term, representing m R-MN intrinsic threshold, was held constant. (3) Weights
between AINs and MR-MNs showed that each MR-MN typically received
functional connections from a cluster of AINs with similar Ts.
It is therefore possible that appropriate patterning of input connections can
determine MR-MN firing rates in relation to conjugate fixation commands,
without a major contribution from variation in intrinsic motoneuron properties.
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EXTRAOCULAR MUSCLE DEVELOPMENT IN A MODEL OF MIDBRAIN
DYSGENESIS. J.D. Porter* and R.S. Baker. Depts. of Anatomy & Neurobiology
and Ophthalmology, U. of Kentucky Med. Ctr., Lexington, KY 40536.
The relative importance of genetic and epigenetic factors in developmental
regulation of the unique extraocular muscle (EOM) phenotype is unclear. The Wnt1 allele is required for the development of the mesencephalon, including the
oculomotor and trochlear nuclei. Wnt-1 mutant mice, by homologous
recombination (McMahon and Bradley, Cell 62:1073, ’90), then may represent a
serendipitous model in which to examine the role of neuromuscular interactions in
developing EOM. Prior studies have shown that the EOM primordia are innervated
prior to migration away from their somitomeric origins. However, innervation may
not be a critical factor in guidance of migration since Wnt-1 mutants showed normal
spatial orientation of the six EOMs within the orbit at E14.5-16.5 in spite of the
absence of oculomotor and trochlear motoneurons. Lateral rectus muscles
contained axons and primitive neuromuscular contacts from the intact abducens
motoneurons. However, some of the muscles normally innervated by oculomotor
and trochlear nuclei received motor innervation from an alternative source,
presumably via collateral sprouting of abducens motoneurons. Muscles receiving
either normal or aberrant innervation exhibited myogenic staging comparable to
control littermates. By contrast, muscles lacking evidence of innervation contained
atrophic and degenerating myotubes. The pattern of pathology in aneural muscles
suggests that innervation from oculomotor nerves plays a role in both primary and
secondary myogenesis in this muscle system. Taken together, this model may allow
characterization of the mechanisms responsible for the tissue-specific properties of
the EOM allotype. The pattern of developmental aberrant innervation of EOMs
seen in this mouse also may provide insight into the etiology of Duane retraction
syndrome in humans. Supported by NIH EY09834 and Research to Prevent
Blindness.

THE PRETECTAL NUCLEUS OF THE OPTIC TRACT (NOT) SUBSERVES
LATENT NYSTAGMUS IN VISUALLY DEPRIVED MONKEYS. M.J. Mustari1*.
A.F.Fuch$2, R.J, Tusa3. A. Burrows1, and C. Livingston1. Marine Biomedical
Institute, University of Texas Medical Branch, Galveston, TX1; Regional Primate
Research Center, University of Washington, Seattle, WA.2, University of Miami Ear
Institute, Miami, FL2.
Monkeys (Macaca mulatta) binocularly deprived (BD), by lid suture, early in life,
develop a permanent horizontal nystagmus, resembling latent nystagmus (LN)1. These
animals also lack a nasal-to-temporal optokinetic reflex (OKN). To discover the locus
for LN, we recorded from and reversibly inactivated the NOT, which is essential for
horizontal optokinetic eye movements. We recorded NOT unit activity during
spontaneous nystagmus and fixation, and evaluated visual receptive fields in two trained
monkeys (> 2 yr old), which had been BD for the first 25 or 55 days of life. NOT
units in BD animals were either driven exclusively (55 day BD) or were dominated
(62%; N=32) by the contralateral eye (25 day BD). This is in contrast to normal
monkeys where all NOT units are binocularly driven2. In addition, most NOT units
changed their spontaneous firing rates as a function of ambient light levels. Such light
intensity dependent firing, together with contralateral ocular dominance, could be the
source of an unbalanced drive to caudal brainstem structures, resulting in LN.
To test this suggestion, we placed injections of the GABAa agonist, muscimol
(0.3pl; 2%) in the NOT. Prior to muscimol injection, LN was initiated 145ms (±15)
after closing a shutter in front of the right eye, with rightward slow phase eye velocity
reaching 40°/s within a few seconds. Following unilateral muscimol blockade of the
NOT, ipsiversive (slow phase) LN due to occluding the ipsilateral eye was completely
abolished. Similarly, bilateral NOT blockade abolished LN in either direction.
Horizontal optokinetic eye movements were virtually abolished following such bilateral
injections, however, the monkey's ability to fixate or make saccades was preserved.
The results of our studies indicate that the NOT is critical for the production of LN
in animals subjected to brief periods of visual deprivation early in life. iTusa et al.,
Invest. Ophth. Vis. Sci. 32: 134-141, 1991. 2Mustari and Fuchs, J. Neurophysiol.
64:77-90, 1990. Supported by: EY06069, EY09289, RR 00166, EY00745.

753.11

753.12

THE PARAFASCICULAR NEURONS IN AND AROUND THE
MEDIAL LONGITUDINAL FASCICLE WHICH PROJECT TO THE
CEREBELLAR FLOCCULUS AND VENTRAL PARAFLOCCULUS
RECEIVE AFFERENTS FROM THE VESTIBULAR NUCLEI IN THE
MONKEY. N.M. Gerrits. B. Baggerman, G. Cheron and M. Godschalk*.
Dept, of Anatomy, Erasmus Univ., Rotterdam, The Netherlands and
Dept. of Neurophysiol., Univ. of Mons-Hainaut, Belgium.
Judged by the number of neurons that can be visualized with retrograde
transport of axonal tracers, the dorsomedial pontine reticular formation is
one of the major sources of mossy fibers to the flocculus and ventral
paraflocculus. Several studies in rat, cat, rabbit and monkey demonstrated
in and around the mlf a population of so-called paramedian tract neurons
(PMT) with a size similar to that of the population of "secondary" vestibulo-cerebellar mossy fiber neurons. In the monkey (M. fascicularis),
approximately 40 percent of the PMT’s is located in two clusters, one HH
2 mm caudal to the facial genu, the other directly rostral to the abducens
nucleus. The majority of PMT neurons are dispersed between the bundles
of the mlf.
Injections with WGA-HRP in the medial (MV) and superior (SV)
vestibular nuclei resulted in wide-spread labeling of axon terminals in the
entire region containing PMT neurons. Since the ascending connections of
the MV and SV are basically related to horizontal and vertical eye movements (EM), respectively, the results suggest an intermingling of horizontal and vertical EM related PMT neurons.

SYNAPTIC ACTIONS OF VERTICAL EYE POSITION-RELATED
INTERSTITIOVESTIBULAR NEURONS IN THE ALERT CAT.
Y. Iwwnoto*, S . Chimoto, E.Nambu, K.Yoshida Dpt. Physioiogy,
Inst. Basic Med. Sci., Univ. of Tsukuba, Tsukuba, 305 Japan
We have recently shown that many vertical eye position-related
neurons in and around the interstitial nucleus of Cajal (INC) project to
and arborize in the ipsilateral superior vestibular nucleus. In the
present study, we investigated in the alert cat possible projections of
vertical eye position-related INC neurons to the trochlear nucleus. In
two animals, 37 of 113 neurons were activated antidromically from the
trochlear nucleus or nearby MLF. Most activated neurons (33/37) had
downward on-directions. We performed tracking through the trochlear
nucleus to obtain the depth profile of thresholds for antidromic
activation. Multiple low threshold peaks and variation in latency were
observed in some neurons with downward on-directions, suggesting
direct projection of downward-on INC neurons to trochlear
motoneurons. Since interstitiovestibular neurons also had downward
on-directions, there is a possibility that the same downward-on INC
neurons project to both the trochlear and vestibular nuclei. We then
made an attempt to decide the synaptic nature of interstitiovestibular
neurons by spike-triggered average of field potentials in the superior
vestibular nucleus. In three eye position-related neurons with
downward on-directions, unitary synaptic field potentials with a
negative polarity were detected at monosynaptic latencies, suggesting
excitatory actions. The results suggest that vertical eye position-related
interstitiovestibular neurons exert excitatory synaptic actions upon both
vestibular nucleus neurons and trochlear motoneurons. .

753.13

EFFERENT PROJECTIONS OF THE PRIMATE INTESTITIAL
NUCLEUS OF CAJAL. A.K, Moschovakis*. C.A. Scudder1, C.
Balaban1, S.M. Highgtein2 and T, Kokkorflyannis. Laboratory of
Neurophysiology, Dept. of Basic Sciences, P.O. Box 1393, Faculty oi
Medicine, University of Crete, Iraklion 71110, Grete, Greece, 'Eye and
Ear Institute, Pittsburgh University, Pennsylvania, U.S.A., and 2
Department of Otolaryngology, Washington University School ol
Medicine in St. Louis, Missouri, U.S.A.
The efferent projections of the mesencephalic Nucleus Interstitialis
of Cajal (NIC) were studied in the squirrel monkey following bulk
injections of biocytin and PHA-L near functionally identified
oculomotor related burst-tonic neurons of the NIC. Dense terminal
fields were encountered: a) contralaterally, in the NIC, the oculomotor
nucleus and the trochlear nucleus, and b) ipsilaterally, in the Fields of
Forel, the rostral interstitial nucleus of the medial longitudinal
fasciculus, the oculomotor and trochlear nuclei, the gigantocellular
reticular formation, as well as the ventromedial and commissural
nuclei of the first two cervical segments of the spinal cord. Moderate
or weak terminal fields were observed: a) bilaterally, in the
mediodorsal, centre medianum central lateral, central medial and
parafascicular thalamic nuclei, and b) ipsilaterally, in the zona
incerta, the mesencephalic reticular formation, the pedunculopontine
nucleus, the nuclei reticularis pontis oralis and caudalis, the
superior, medial and lateral vestibular nuclei, as well as the nucleus
prepositus hypoglossi, the abducens and the hypoglossal nucleus, the
magnocellular reticular formation, the inferior olive as well as the
pontine and medullary raphe.
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754.1

754.2

AFFERENTS TO THE SIMPLEX LOBULE MICROZONE RELATED
TO EYELID MOVEMENTS IN THE CAT. A. Gruart*. J.A. Armengol
and J.M. Delgado-Garcia. Lab. de Neurociencia, Fac. de Biologia and
Dpto. de Ciencias Morfoldgicas, Fac. de Medicina. Univ. de Sevilla,
Sevilla, Spain.
The topographical location of brainstem and deep cerebellar neurons
projecting to the eyelid microzone of the simplex lobule was studied in
the cat. Under general anesthesia, horseradish peroxidase (Sigma type
VI, 1.5-3 pL of a 30% saline solution) was injected in six adult cats in
the area of the simplex lobule activated by the electrical stimulation of
the supraorbitary branch of the trigeminal nerve. After 24-48 h of
survival, animals were perfused and their brains processed according to
the tetramethylbenzidine procedure. Deep cerebellar nuclei neurons
projecting to the eyelid microzone were located in the dorsomedial
aspect of the most rostral part of the posterior interpositus nucleus.
Contralateral labeled brainstem neurons were located in the spinal
trigeminal and prepositus hypoglossi nuclei, in the rostral medial
accessory inferior olive, and in the lateral and dorsal subdivisions of the
pontine gray. Ipsilateral projections arised from the lateral reticular, the
external cuneate nuclei, and a discrete zone of the medial pontine gray.
Bilaterally labeled neurons were placed within the lateral tegmental area,
the paramedian reticular nucleus, and the reticularis tegmenti pontis
nucleus. This complex pattern of afferents suggests that the simplex
lobule plays a key role controlling the different types of lid movement.

ABSENCE OF AGE-RELATED CHANGES IN EYELID KINEMATICS. R.S.
Baker*, J.C. Chuke. B.R. Rouholiman, M.W. Stava. and J.D. Porter. Depts. of
Ophthalmol. & Anat. & Neurobiol., U. of Kentucky Med. Ctr., Lexington, KY.
Neurologic disorders that affect blinking (e.g., blepharospasm, Parkinson disease)
often manifest at >50 years of age. Eyelid kinematics provide insight into the
altered blink reflex excitability that may accompany disease. To evaluate the
normal aging pattern, we used a modified scleral search coil technique to analyze
blinks in normal human subjects for each decade between 40-90 years (n=5/decade).
Mean amplitude and peak velocity decreased across this interval for both down
(amp: 38.8° ± 4.4 to 26.0° ± 2.8, p<0.05; vel: 1200°/sec ± 162 to 818°/sec ± 131,
p<0.05) and up (amp: 36.0° ± 5.3 to 24.2° ± 3.4, p<0.05; vel: 587°/sec ± 43 to 439°
/sec ± 72.2, n.s.) phases of spontaneous blinks. Much of the decrease could be
attributed to reduced palpebral fissure width (12.4 to 10.2 mm, p<0.05). Despite
down phase amplitude reduction of >30%, down phase duration remained constant.
Blink down phase main sequence (amplitude-peak velocity) slope is an indicator of
reflex excitability. There was no change in main sequence slope across the age
range tested, suggesting that reflex excitability was unchanged. Blink conjugacy
also showed no change, with consistently high interocular correlations for
amplitude/peak velocity across the intervals studied. Blink rate was unchanged
across the age range tested. Together, these studies evaluated the hypothesis that
blink excitability changes as a function of age, with the hyperexcitability that is seen
in blepharospasm and Parkinsons representing extremes of normal aging. The
peripheral eyelid and/or muscle changes leading to age-related ptosis were not
accompanied by altered reflex excitability. These data then suggest that diseaserelated alterations in blink behavior and, by correlation, in the blink neural control
systems, are not simply an exaggeration of normal aging changes. Supported by
NIH EY010760, the Benign Essential Blepharospasm Research Foundation, and
Research to Prevent Blindness.

754.3

754.4
EFFECT OF AGE ON BLINK REFLEX EXCITABILITY C. Evinaer1*, E.J.
Schicatano1. A.K.E. Horn2. J.J. Pellegrini3. 1Dept. Neurobiol. & Behav, SUNY
Stony Brook, Stony Brook, NY 11794-52G3), 2lnst. Neuropathol.,Univ. Munich,
Munich, Germany, 3Dept. Biol., College of St. Catherine, Minneapolis, MN 55105
Uncontrollable spasms of lid closure are most common in middle aged and
elderly individuals. Increases in blink reflex excitability accompany the
development of lid spasms. Nevertheless, the connection between increased
blink reflex excitability, aging and the development of lid closure spasms is
unclear. We investigated these associations in old and young guinea pigs
(GPs).
Young (<6 months) and old (>2 years) GPs were chronically implanted with
electrodes for bilateral stimulation of the supraorbital branch of the trigeminal
nerve (SO) and recording of emg activity (OOemg) of the lid closing, orbicularis
oculi (OO) muscle. We determined blink reflex excitability by presenting pairs
of identical SO stimuli with interstimulus intervals (ISIs) of 50-1250 ms and
compared the magnitude of the OOemg evoked by the 2nd stimulus to that
evoked by the 1st stimulus. After determining normal blink reflex excitability,
the auriculopalpebral branch of the Vllth nerve was crushed to weaken the
OO muscle and induce compensatory increases in blink reflex excitability.
Blink excitability and the compensatory response to OO weakening differed
between old and young GPs. In old GPs, the lengthened duration of the R2
component of the blink reflex promoted increased excitability of the blink reflex
at short ISIs (<250 ms) over that of young GPs. Weakening of the OO muscle
potentiated blink reflex excitability at short ISIs for both groups but the increase
was larger and recovered more slowly in old GPs. Nevertheless, old GPs did
not develop spasms of lid closure. Thus, blink excitability increases with age,
but the development of lid spasms is not an inevitable sequelae of increased
excitability. Supported by EY07391 (CE) and IT32NS07371 (EJS).

ACTIVITY OF BRAINSTEM NEURONS DURING BLINK-SACCADE
INTERACTIONS. L. E. Mays* and D. W. Morrisse. Dept, of Physiological
Optics and Vision Science Research Center, University of Alabama at
Birmingham, Birmingham, AL 35294.
Recently, we have shown that pontine omnipause neurons (OPNs) in the
monkey pause for blinks as well as for saccades (Soc. Neurosci. p. 1404,1993).
Blink-related pauses last = 140 ms and are easily elicited by air puffs directed at
the face. Current models of saccade generation suggest that neuronal activity
builds up in other saccade-related neurons prior to each saccade, and that turning
off OPNs prematurely during this build-up period will result in slow saccades.
We tested this hypothesis in three rhesus monkeys by timing the delivery of an
air puff to produce a blink before, during, or after a saccade to a visual target.
The occurrence of a blink just before a saccade resulted in a slowed saccade,
often with a complex velocity profile. Blinks which occurred >70 ms prior to the
expected onset of the saccade had little or no effect on the saccade. Horizontal
short-lead burst (SLB) neurons were recorded during blink-saccade interactions
in two monkeys. SLB activity was reduced for those saccades that were slowed
by blinks. This result indicates that the slowing of saccades by blinks is not due
simply to co-contraction of extraocular muscles or other mechanical effects.
Surprisingly, the activity of saccade-related burst neurons in the superior
colliculus was also reduced for blink-slowed saccades. (Supported by NIH grants
EY03463 and EY03039 and by the McKnight Endowment Fund for

Neuroscience.)

754.5

754.6

BLEPHAROSPASM PRODUCED BY A COMBINATION OF DOPAMINERGIC
LESIONS AND ORBICULARIS OCULI WEAKENING. E.J. Schicatano* and
C. Evinger. Depts. Neurobiology & Behavior and Ophthalmology, SUNY Stony
Brook, Stony Brook, NY 11794-5230
Unilateral destruction of midbrain dopamine neurons dramatically increases
the excitability of the biink reflex by reducing tonic inhibition of the trigeminal
nucleus. Increases in blink reflex excitability also occur as a compensatory
response to weakening of the orbicularis oculi muscle (OO). We investigated
the relationship between these two mechanisms of blink reflex plasticity.
Rats were implanted with electrodes to stimulate the supraorbital branch
of the trigeminal nerve (SO) bilaterally and record the OO activity (OOemg)
chronically. Sensorimotor excitability was measured by presenting pairs of
identical SO stimuli with interstimulus intervals of 50-300 ms and comparing
the magnitude of the OOemg evoked by the second stimulus to that evoked
by the first. Interactions between - SO and auditory evoked blinks were also
assessed. We tested blink reflex excitability in two groups of alert rats. In
both groups, we removed a 2 mm section of the facial nerve innervating the
OO. The second group received a small, unilateral 6-OHDA lesion (<30%
cell loss) of midbrain dopamine neurons 20 days before the nerve transection.
Both 6-OHDA lesions and facial nerve lesions alone produced modest increases
in blink reflex excitability. The combination of the 6-OHDA and facial nerve
lesions, however, elicited a large increase in blink reflex excitability accompanied
by lid closure spasms such as occur with- blepharospasm. Interacting auditory
and SO blinks revealed that the facial nerve lesion exerted its greatest effect
on trigeminal evoked blinks. Thus, the data suggest that dopamine neuron
loss potentiates the normal compensatory increase in trigeminal nucleus
excitability induced by weakening of the OO muscle.
Supported by EY07391 (CE) and IT32NSO7371 (EJS).

PSYCHOPHYSIOLOGICAL STUDIES OF THE BLINK RELFLEX
IN THE ALERT CAT. J.F. - Lorden*. M.S. LeDoux. J. Smith & A,
Weir. Dept. of Psychology, Univ. of Alabama at Birmingham,
Birmingham, AL 35294.
As background for studies to examine the modification of the blink
reflex by drugs or manipulation of central pathways, behavioral studies
were conducted in. seven alert, adult male cats. Under anesthesia, the
animals received chronic stimulating electrodes over the supraorbital
nerve and recording electrodes in orbicularis oculi muscle for
electromyography (OOemg). With a stimulus duration of 0.1 msec
and a stimulus magnitude of 1.5X threshold, measures of latency,
duration, area, and maximum amplitude (MA) were obtained. The cat,
like other mammals, shows both a short-latency (RI) and a longlatency (R2) component in the OOemg. Similar to humans, the mean
(± SE) latency for Rl in cat was 10.8 ± .2 msec and for R2, 37.0 ±
. 1 msec. For both Rl and R2, MA and area measures were
significantly correlated. Only area and MA of the Rl and R2 showed
significant change as a function of stimulus intensity. In a paired
stimulus paradigm in which the interstimulus interval (ISI) was varied
from 100-1200 msec, ratios were constructed for the OOemg area and
MA by dividing the test response by the conditioning response. In this
paradigm, a signficant linear relationship was observed only between
ISI and R2 MA. (Supported by the Dystonia Med. Res. Fdn.)
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FUNCTION-SPECIFIC SUBDIVISIONS OF THE NUCLEUS OF EDINGERWESTPHAL AS REVEALED BY TRANSNEURONAL TRANSPORT OF WGA.
J.T. Erichsen*.1 C. Evinger? W. Hodos2 and A.P. Adler1. 1Dept. of
Neurobiology & Behavior, SUNY at Stony Brook, NY 11794 and 2Dept.
of Psychology, Univ. of Maryland, College Park, MD 20742.
In most vertebrates, preganglionic neurons of the midbrain
parasympathetic nucleus of Edinger-Westphal [EW] project to the
ciliary ganglion. In pigeons, the postganglionic cells innervate the
two intraocular muscles, i.e., the iris and the ciliary muscle, and the
choroid vasculature. Previous anterograde pathway tracing (Gamlin
et al. '84), lesion and immunohistochemical (Reiner et al. '91)
studies have provided evidence that EW is organized into three
subdivisions corresponding to the postganglionic targets. Retrograde
transneuronal transport from the iris or ciliary muscle demonstrates
the functional specificity of these subdivisions. WGA injections into
the anterior chamber (iris) retrogradely and transneuronally label
EW cells in the caudolateral portion of EW. Vitreous injections of
WGA label only this same pupillary subdivision, suggesting that the
ciliary muscle is not as accessible to WGA as is the iris. Injections
into the ciliary muscle label these same "pupillary" cells as well as
neurons in a more rostromedial portion of e W. The most
ventromedial region of EW remains consistently unlabeled. Counts of
transneuronally labeled cells agree with previous estimates of the
numbers of pupillary and accommodative neurons, respectively, in
EW. Confirming the anatomical results, microstimulation in
caudolateral EW produces pupillary constriction; accommodative
responses are evoked medially and rostrally. Supported by NEI grants
EY04587 (JE), EY07391 (CE) and EY04742 (WH).
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CENTRAL CORRELATES OF VISUAL ACCOMMODATION IN
HUMANS MEASURED WITH H25O WATER AND PET

Richter.H..’ Lee. J.T..2 & Pardo.J.V..* 23 'Brain Sciences Center, VAMC,
Minneapolis, MN, and Dept. of Physiology, Univ. of
Minnesota;
2Psychiatry PET Unit and VAMC, Minneapolis, MN; 3Dept. of Psychiatry,
Div. of Neuroscience Research, Univ. of Minnesota, Minneapolis, MN.
The purpose of this work was to identify human neural circuits involved in
the execution of voluntary positive accommodative eye-movements (VPA).
Although accommodative eye-movements can be elicited volitionally, the
brain mechanisms subserving higher cortical computations involved in visual
accommodation remain elusive. Normalized regional tissue activity (NrTA)
was measured using positron emission tomography (PET) and the K2150
bolus technique in 7 healthy, right-handed volunteers with normal vision
during three counterbalanced tasks requiring monocular viewing of a
checkerboard through a lens introduced into the line of gaze during alternate
1.5 s intervals: (i) passive viewing through 0.00 diopters; (ii) avoiding
volitional accommodation and permitting checkerboard blur through -5.00
diopters (i.e., continuous reflexive accommodation); and (iii) attempting to
maintain focus through -5.00 diopters (i.e., continuos execution of large
amplitude VPA in response to the induced blur). Saccadic eye-movements
were suppressed through central fixation upon a cross and were confirmed
absent by EOG. Intersubject image averaging of scan pairs showed
activation of several structures during VPA: bilateral striate and extrastriate
visual cortices; insula; superior and anterior temporal cortices; and cerebellar
vermis. VPA recruits an extensive network of heteromodal and unimodal
visual association cortices, both novel as well as convergent with previous
findings in non-humans (Supported by Department of Veterans Affairs &
the Swedish Crown).

754.9

754.10

LATENCY AND DYNAMICS OF PUPILLOCONSTRICTION
DETERMINED BY MICROSTIMULATION OF THE EDINGERWESTPHAL NUCLEUS AND OCULOMOTOR NERVE IN THE
PRIMATE. R.J. Clarke* and P.D.R. Gamlin. Dept. of Physiological
Optics, University of Alabama at Birmingham. Birmingham. AL 35294.
We have been studying the neural control of the pupil in alert
rhesus monkeys. To better determine the characteristic latency and
dynamics of the pupil plant. we have studied the pupilloconstriction
that results from electrical microstimulation of the Edinger-Westphal
nucleus (EW) or the pupillomotor fibers of the oculomotor nerve (OMN).
Alert rhesus monkeys fixated a dim laser spot on a tangent screen
while the pupil diameter of both eyes was measured under infrared
lighting using ISCAN RK-406 pupillometry systems. A microelectrode
was lowered under physiological guidance either to the EW or the
OMN. Microstimulation was carried out over a wide range of
parameters (100-1000 Hz; 10-100 pA; 3-100 ms).
In response to brief stimulus trains, the pupil constricted with a
latency of 80-120 ms. The shorter latencies were associated with higher
stimulation currents. Peak pupilloconstriction occurred approximately
300-500 ms after stimulation and showed an exponential return to
baseline with a time constant of approximately 300-600 ms.
These characteristics indicate that the pupil plant acts as a low
pass filter and explain the sluggishness of pupillary responses. The
first-order models of the pupil plant that have been proposed do not
adequately explain these results and a third-order model is required to
provide a more complete description. (Supported by NIH EY09380 and
P30 EY03039).

SINGLE-UNIT ACTIVITY RELATED TO THE NEAR-RESPONSE IN
AREA 8 OF THE PRIMATE FRONTAL CORTEX. P.D.R. Gamlin*
and K. Yoon. Department of Physiological Optics, University of Alabama
at Birmingham, Birmingham. AL 35294.
We have previously reported neurons related to the near-response in
a region of the nucleus reticularis tegmenti pontis (Gamlin and Clarke.
J. Neurophysiol.. 1995) that is reported to receive input from area 8 of the
frontal cortex. We have therefore begun to study neurons in area 8
during vergence and ocular accommodation.
Single-unit recording from area 8 of an alert. behaving rhesus monkey
identified 15 neurons that showed activity specifically linked to the nearresponse. Most of these cells exhibited transient increases in their firingrate during the near-response. Some cells also displayed a tonic firingrate that increased as a function of increases in convergence and
accommodation. Microstimulation (30-50pA; 30-50ms; 500Hz) at the site
of some of these neurons elicited increases in accommodation and
convergence of approximately 0.2-0.5 diopters and 0.2-0.5 degrees
respectively. An injection of fluorescent latex beads at the location of the
recording sites showed that they were located immediately posterior anil
dorsal to the principal sulcus.
The region of area 8 related to saccadic eye movements includes the
anterior bank of the arcuate sulcus and the immediate prearcuate cortex.
The region involved in smooth pursuit eye movements includes the fundus
of the arcuate sulcus. These regions have been termed collectively the
frontal eye field (FEF). The present study suggests that the FEF may
be involved in all voluntary eye movements and that it may extend
anteriorly to include a region of area 8 related to vergence and ocular
accommodation. (Supported by NEI Grant EY07558 and P30 EY03039).

754.11

754.12

THE PRIMATE OLIVARY PRETECTAL NUCLEUS AND ITS ROLE IN THE
PUPILLARY LIGHT REFLEX. W. Sun* and P.J. May. Depts. of Ophthalmology &
of Anatomy & Neurobiology, U. of Kentucky Med. Ctr., Lexington, KY 40536 and
Depts. of Anatomy & Ophthalmology, U. of Mississippi Med. Ctr., Jackson, MS 39216.
It is generally presumed that an olivary pretectal (OPt) nucleus to Edinger-Westphal
(EW) nucleus projection is the central relay in the pupillary light reflex pathway.
However, the organization of the OPt nucleus and its projections have not been
described in primates. The tracers biotinylated dextran amine (BDA), biocytin and
WGA-HRP were used in Macaca fascicularis monkeys to investigate these points.
BDA injected along the path between the OPt and the oculomotor nuclei
homogeneously labelled neurons whose somata were generally located in die periphery
of the ovoid-shaped OPt nucleus. Their highly branched dendrites were directed
toward and filled much of the center of the nucleus. A combined antero- and retrograde
tracing approach was utilized to reveal the relationship between the pretectal
projections and the preganglionic motoneurons. Labelled preganglionic motoneurons
were restricted to the ipsilateral EW nucleus and its anteromedian nucleus extension
following WGA-HRP injections into the ciliary ganglion. Biocytin injections into the
OPt nucleus of the same animal labelled pretectal terminals bilaterally in and around
die EW nucleus. These labelled pretectal terminals were concentrated within the middle
third of the EW nucleus in its rostrocaudal dimension, and were more dense medially.
The area in which pretectal axon terminals were found immediately adjacent to labelled
preganglionic motoneurons, suggesting a direct connection between these two, was
quite restricted. Neither anterogradely labelled terminals, nor retrogradely labelled
cells were observed in the contralateral OPt nucleus following the pretectal injections.
In conclusion, this study indicates that the dendritic organization of OPt projection
neurons is suitable for producing very large visual fields, in agreement with their
reported physiology. The bilateral OPt-EW projection, along with the bilateral retinalOPt projection, represents an anatomical substrate for the direct and consensual
components of the pupillary light reflex. Finally, only a small portion of the EW
nucleus may subserve this reflex in monkeys. Support: NEI grant EY09762 (PJM).

THE SIMIAN PUPILLARY LIGHT REFLEX AND THE RESPONSE PROPERTIES
OF ITS PRETECTAL INTERNEURON. Milton Pong and Albert F. Fuchs*. Dept,
of Physiology and Biophysics and Regional Primate Research Center, University of
Washington, Seattle, Wa .
By means of a CCD imaging system, we measured the pupillary response to
brief, full-field flashes of light in 4 monkeys. As in man, the flash causes the pupil to
undergo a relatively rapid constriction followed by a 50%-slower dilation to its original
size. The responses were variable but, on average, the constriction amplitude and peak
velocity increased and the response latency decreased with light intensity. The pupillary
response was consensual.
To pursue the neuronal substrate of the pupillary light reflex, we recorded unit
responses in the pretectum of 2 monkeys to 1 sec light flashes. All of our neurons lay
in a tight cluster in close proximity to the pretectal olivary nucleus (PON), a small
structure believed to contain the intemeurons of the pupillary light reflex. Most of our
neurons (32/37) exhibited a burst in firing to the light flash after an average latency of
54 ms (SD=19) followed by a sustained discharge that was less than the burst rate. The
sustained discharge continued for the duration of the flash and returned to the pre-burst
firing at a fixed latency after the flash turned off. The frequency of the sustained
discharge increased with light stimulus intensity. The close temporal correlation of the
firing patterns of these neurons with the visual stimulus and not with the pupillary
response suggest that movement per se does not influence their discharge. In the
vicinity of these "burst-tonic"neruons, a small number of transient neurons discharged
only bursts at light on and off. Finally, electrical stimulation at the locations of the
burst-tonic cells often evoked pupillary constrictions at currents as low as 20|ia.
Taken together, our data suggest that the pupillary light reflex in monkeys
closely resembles that in humans and that, as in other species, the PON serves as the
site of its intemeurons in the pretectum. Supported by grants EY00745, RR00166 and
a Visual Training Research Grant #EY 07031.
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754.13

NEAR RESPONSE, BLINK, AND MUSCLE
754.14

DESCENDING PROJECTIONS FROM THE CORTICAL
ACCOMMODATION AREA TO THE BRAINSTEM IN THE CAT.
A. Sato. K. Ohtsuka. and M. Sawa*. Dept. of Ophthalmology,
Sapporo Medical Univ. Sch. of Med., Sapporo, Hokkaido 060, Japan.
Previous studies indicated that the lateral suprasylvian area (LS)
is related to the control of lens accommodation in the cat. It is known
that the LS projects to the pretectum (PT) and the superior colliculus
(SC). We previously indicated that both of the rostral SC and the PT
are involved in the control of lens accommodation. In this study, we
investigated connections between the cortical accommodation area in the
LS and the brainstem accommodation areas in the cat.
This study was conducted in 6 cats, weighing 2.5-3.5 kg.
WGA-HRP was injected by glass micropipettes into the accommodation area of the SC or the PT where accommodative responses
were elicited with the low intensity < 20 pA, and studied retrogradely
labeled cells in the LS. Secondly, accommodative responses to
stimulation of the LS were compared before and after injection of
muscimol (GABA agonist) into the the rostral SC. Following WGAHRP injections into the accommodation area in the rostral SC, labeled
cells were found mainly in the lower part of the medial bank of the
medial suprasylvian sulcus (MSS), where is comparable to the
accommodation area of the LS. On the other hand, following injections
into the accommodation area in the PT, labeled cells were found mainly
in the upper part of the medial bank of the MSS, where is comparable to
the pupillary constriction area. After injections of muscimol into the SC,
accommodative responses evoked by stimulation of the cortex were
almost abolished. These findings suggest that the accommodation area
of the LS projects exclusively to the rostral SC.

ACCOMMODATION-RELATED AREAS IN THE BRAINSTEM OF
THE CAT.
S. Konno. and K. Ohtsuka*. Dept, of Ophthalmology, Sapporo
Medical Univ. Sch. of Med., Sapporo, Hokkaido 060, Japan.
We previously indicated that the superficial~intermediate layers
of the rostral superior colliculus is involved in the control of lens
accommodation in the cat (Sawa and Ohtsuka, Vision Res., ’94). This
area is thought to project to the pretectum (PT) and the mesencephalic
reticular formation (MRF), which may be related to the control of
accommodation. In this study, we conducted systematic mapping with
microstimulation of these areas monitoring accommodative responses by
an infrared optometer in the cat. This study was conducted in 8 cats.
Tungsten microelectrodes were introduced stereotaxically into the
brainstem, and the midbrain area located rostral to the SC was
stimulated systematically. Accommodative responses were monitored
with an infrared optometer (Nidek, AR-1100). At the end of each
experiment, electrolytic lesion was made at the lowest threshold site.
After the experiments, the animals were deeply anesthetized with
pentobarbital sodium and were perfused transcardially. Locations of the
electrolytic lesions and electrode tracks were identified. Low threshold
areas for evoking accommodation were located at the postero-lateral
portion of the PT, where was almost comparable to the nucleus optic
tract (NOT), the olivaly pretectal nucleus (OPN) and the posterior
pretectal nucleus (PPN), the nucleus posterior commissure (NPC) and
the medial portion of the MRF. The OPN and the MRF are also thought
to be involved in the control of pupillo-constriction and vergence eye
movements, respectively. Accommodation, pupillo-constriction and
vergence are functionally linked with each other as the ocular near
response.

754.15

INNERVATION
OF THE SMOOTH MUSCLE OF THE
EXTRAOCULAR RECTI PULLEYS IN HUMANS AND MONKEYS.

J. L. Demer*. V. Poukens. and P. Micevvch. Depts. of Ophthalmology, Neurology,
Pathology, and Anatomy, University of California, Los Angeles, CA. 90095-7002.
The recti extraocular muscles pass through connective tissue pulleys, located at the
level of posterior Tenon's fascia, that stabilize muscle paths and control muscle
pulling direction. Structures supporting these pulleys include substantial smooth
muscle (SM) bundles, suggesting possibile dynamic regulation of pulley function.
To investigate neural control of pulley SM, histo- and immunohistochemical
studies were performed on rhesus monkey and human orbital tissues. Two weeks prior
to paraformaldehyde perfusion, both superior cervical ganglia of a monkey were
injected with the lectin anterograde tracer PHA-L. Immunoperoxidase staining with a
monoclonal antibody against human SM alpha-actin was used to confirm pulley SM.
Mono- and polyclonal antibodies were used to demonstrate immunoreactivity (IR) to
tyrosine hydroxylase (TH), dopamine B-hydroxylase (DBH), catechol-Omethyltransferase (COMT), myelin basic protein (MBP), PHA-L, neuronal nitric
oxide synthase (NOS), and snyaptophysin. The NADPH diaphorase reaction was also
used as a marker for NOS, and the acetylcholinesterase (AchE) reaction for Ach.
Rich innervation was found in human and monkey pulley SM. Numerous axons
terminating in motor endplates within SM bundles had IR to TH, DBH, and PHA-L
but not COMT. Smaller axons and motor endplates were also demonstrated in SM
using NADPH diaphorase and AchE, as well as NOS IR. The pterygopalatine and to
a lesser extent the ciliary ganglia but not Edinger-Westphal nucleus had cells with
NOS IR. Although large orbital nerves had MBP IR, none was found in pulley SM.
The smooth muscle suspension of monkey and human recti pulleys has a
sympathetic projection employing norepinephrine via the superior cervical ganglion, a
nitroxidergic projection from the pterygopalatine ganglion or other sources, as well as
a cholinergic parasympathetic projection. These multiple projections suggest the
existence of both excitatory and inhibitory control of recti pulley SM potentially
subserving a dynamic role in regulation of ocular motility.
Supported by USPHS NEI EY-08313 and Research to Prevent Blindness.
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755.1

755.2

SYNCHRONIZATION IN FINGER MOTOR UNITS DURING THE PRECISION
GRIP IN MAN. E.J. Hiisler. G.C. Maissen. M.A. Maier and M.-C. HeppRevmond*. Brain Research Institute, Univ. of Zurich, 8029 Zurich, Switzerland.
Since the multi-muscular, multi-joint system of the hand is biomechanically
overspecified, the question was raised whether short-term synchronization is a
strategy to facilitate the control of motor units (MUs) within and between muscles.
Synchronization was assessed in the precision grip during production of isometric
force on 3 consecutive levels (1,2,3 N). Up to 5 simultaneously recorded
intramuscular EMG signals were decomposed into their constituent MU potentials
yielding 93 MUs (1 to 4 MUs/muscle). The maximal firing rate in the force range
investigated was 14 Hz. For the vast majority of the MUs, the firing rate correlated
with the force exerted. The MU spike trains were cross-correlated at each force
level. In total, 75 of 166 intermuscular and 54 of 69 intramuscular MU pairs showed
synchronization at any one force level. In pairs where both MUs were located in the
extrinsic or intrinsic muscles, synchronization was more likely and stronger than in
mixed pairs. Furthermore, among MUs of intrinsic muscles, pairs between thumb
and index finger muscles (33/66) were synchronized to a comparable degree as pairs
between muscles moving only one digit (12/21), thus indicating the presence of
functional synergies. An important finding 'was that synchronization is unstable: it
occurred on all 3 force levels only in one intermuscular (1DI-1PI) and in four
intramuscular pairs (2xAbPL, AdP, FPL). We checked factors that might influence
the probability of synchronization. Synchronized MUs had smaller differences
between their firing rate (< 2 Hz) and lower firing rates than non-synchronized
ones. Synchronization occurred preferentially just after recruitment of both MUs or
of the MU with higher threshold.
In conclusion, stable synchronization of MUs does not seem to be a prerequisite
for the control of finger muscles during force production in the precision grip, thus
confirming previous findings at the global EMG level.

MODIFICATION OF PREHENSION KINEMATICS WHEN
AVOIDING AN OBSTACLE M.Saling. J.Alherts. J.R.Bloedel and
G.Stelmach* Motor Control Lab., Arizona State University, Tempe
AZ 85287, Barrow Neurological Institute, Phoenix, AZ.
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Previously we had shown that, by altering the initial grip posture, the
aperture reorganized without influencing the wrist transport. The aim of this
study was to determine whether modification of the wrist trajectory affects
the kinematics of the aperture. To examine this issue, either of two different
plexiglass obstacles (20x1.5x9 cm or 20x1.5x 11 cm) were placed between
the hand starting position and object. The subjects were asked to reach over
the obstacle and grasp a dowel (9 x 2cm). The results showed that obstacle
avoidance significantly prolonged transport duration, deceleration time, time
to peak velocity and peak deceleration. Also, the time to peak aperture and
the time to the peak opening and closing velocities of grip were
significantly longer compared to those of control. However, when expressed
as a percentage of transport duration, no differences were found in any
temporal parameter of the grip. Primarily these data show that the kinematics
of both components were influenced by obstacle avoidance. The temporal
aspects of the grip were adjusted to those of the transport and suggest some
degree of co-dependence. These findings support a view that grip aperture
adjustments are influenced by the temporal profile of the transport
component.
Supported by grant NINDS-NS 17421 & Flinn Foundation.
M.Saling on leave from InstNorm.Pathol.Physiol., Slov.Acad.Sc., Bratislava
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CONTROL OF PRECISION GRIP FORCE DURING BEHAVIOR THAT
MIMICS SMOOTH PURSUIT. K.J. Cole* and R.S. Johansson. Dept, of
Exercise Science, The Univ. of Iowa, and Dept. of Physiology, Univ. of
Ume&, Umed, Sweden.
Ramp loads that pull a gripped handle away from the hand cause the
grip force to smoothly track the load force after an initial grip force
pulse triggered by the increasing load force. The tracking behavior in 9
subjects was studied to determine the control mechanisms governing
pursuit-like tracking, and the saccade-like pulses in grip force that often
occur during tracking. We examined the possibility that subjects learn
the smooth tracking response from the load shape on previous trials.
Ramp loads of 4 N/s followed blocks of trials that began as a ramp load
but which accelerated or decelerated after 0.75 s. The grip force during
ramp loading was affected little or not at all by the conditioning loads.
Also, the grip force closely tracked various load waveforms (ramps,
slowly accelerating or decelerating loads). We conclude that the control
process for _th_e pursuit-like behavior uses sensory information from
loading over a short time interval. Smooth tracking most likely results
from a feedforward controller that consecutively extrapolates the current
waveform during short time intervals. It operates in addition to a
mechanism that is sensitive to unexpected changes in load force rate, or
otherwise decreasing gripdoad force ratios. Loads that accelerate from
an initial ramp often cause repetitive pulsatile grip responses lasting
about 250 ms, beginning as soon as 80 ms after acceleration onset. We
suggest that stable grasp on the object is maintained by one control
mechanism that operates nearly continuously, and by one that responds
to discrete mechanical events at the fingertip or finger.

755.5

TASK REQUIREMENTS IN GRASPING: KINEMATICS AND FORCES
FOR TRANSPORTING, DRAGGING AND SELECTING. C.L.
MacKenzie*. E.D. Graham and C.T. Ivens. Human Motor Systems Lab.,
School of Kinesiology, Simon Fraser University, Burnaby, B.C. Canada
V5A 1S6
Task requirements and object properties affect kinematics (Kunesch,
Binkofski & Freund, 1989) and forces (Fearing, 1986; Westling & Johansson,
1990) in grasping and manipulation. We studied tasks that require object
transport and manipulation like dragging and selecting in human-computer
interaction.
Human adults grasped a dowel (155 g, force trrnnsluaer) using pad
opposition, and placed it on small or large targets, forward. or backward.
They transported the dowel in three conditions: "naturally", by
"dragging" (squeezing during transport), and by "selecting" (squeezing on
placement). 3D kinematics of the hand and dowel (OPTOTRAK 3D motion
analysis system, 200 Hz), grip and load forces were measured throughout
free motion, compliant motion, and loaded motion phases of the movement.
Kinematics during free motion had lengthened deceleration phases for
"drag" and "select" conditions, compared to "natural"; kinematics during
free motion and loaded motion phases had lengthened deceleration for
smaller targets, attenuated for "drag" and "select" conditions; grip and
load forces changed predictably with tasks, validating that subjects were
performing as instructed; load forces during compliant motion peaked
earlier for forward than backward transport. Results support anticipatory
planning of parameters for using an opposition space (MacKenzie &
Iberall, 1995) in the earliest phases of movement.

PREHENSION

WEDNESDAY PM

755.4

DEVELOPMENTAL CHANGES IN PREHENSION FOR CHILDREN OF
2 TO 9 YEARS OLD. M.Pare* and C.Dugas 2* 1- Cenrre de Recherche en
Sciences Neurologiques, Universite de Montreal, Canada, H3C 3J7; 2Departement des sciences de l'activite physiques, Universite du Quebec a
Trois-Rivieres, Canada, G9A 5H7.
Anticipatory control is required to produce skilled manipulation of
grasped objects. Adults program the entire movement with a single fore cerate pulse by anticipating the required grip and load force to lift the object
(Johansson and Westling, 1988). Recently, Forssberg et al. (1991,1992)
have demonstrated that children are not capable of doing this until the second
year, and that this anticipatory mechanism continues to develop over several
years. The goal of the study was to demonstrate that the emergence of an
adult pattern of grip and load force coordination is correlated with a an
adequate safety margin adapted to the weight of the object. Moreover, we
also wanted to quantify the relationship between the grip force and the
vertical acceleration of the object during maturation. The subject (N=36) had
to lift an object which could vary in size and weight using a precision grip.
The object was instrumented with a pressure gauge to measure grip force.
The displacement of the arm and object was recorded with a Peak
Performance system. The results demonstrate three distinct stages in the
development of the precision grip, from to 2 to 5 years old, from 6 to 8
years old and beyond 9 years old. At 2 years of age, the peak acceleration
was negatively correlated (r= -0.51) with the peak grip force during lifting.
By 3 years of age, the relationship between the peak acceleration and the
peak grip force during lifting became positively correlated (r=0.32) and
continued to consolidate until 9 years of age. Also, starting at 6 the safety
margin steadily decreases and reaches a stable value by 9 years of age.
(Supported by NSERC and FCAR)

755.6

THE ROLE OF THENAR MUSCLE ACTIVITY IN THE CONTROL OF INDEX
FINGER FORCE. D.H. Laidlaw*. M. Bilodeau, and R.M. Enoka.

Dept. Biomedical Engineering, The Cleveland Clinic Foundation,
Cleveland, OH 44195
Although the control of isometric abduction force by first dorsal
interosseous (FDI) has been well characterized, little is known about
the contribution of thenar muscle activity to index finger force under
these conditions. To address this issue, experiments were designed to
examine thenar muscle activity during maximum voluntary
contractions (MVCs) and submaximal constant-force contractions
(5% and 20% MVC). Surface EMG signals were recorded from the
FDI, adductor pollicis (AP) and flexor pollicis brevis (FPB) of 6
young subjects. With the hand positioned so that the palmar surface
rested on a horizontal surface, the thumb was either extended by
about 90 degrees in the same plane or abducted by about 90 degrees
so that it was in a plane perpendicular to the palmar surface. With the
thumb in the abducted position, the statistically significant findings
were: (1) less FDI EMG during an MVC; (2) reduced EMG in AP
and FPB relative to FDI during the MVC and constant-force tasks; (3)
decreased MVC abduction force exerted by the index finger; and (4)
no effect on the control of submaximal force (coefficient of
variation). These results suggest that, while thenar muscles are
biomechanically coupled with first dorsal interosseous, activity in
these muscles is not related to the control of index finger abduction
force under isometric conditions. However, FDI activation appears to
be less than maximal with the thumb in the abducted position
Supported by NIH grant AG 09000 to RME.

755.7

755.8

TIME-DEPENDENT EFFECTS OF ANTAGONIST MUSCLE VIBRATION
ON THE PERCEPTION OF ISOMETRIC FINGER FORCE. tL
HenninaserT. B, Ende-Henningsen. S.KnechL A.M. Gordon. Depts. of
Neurology and Neurophysiology, Univ. of Wisconsin, Madison, Wl 53705;
Dept. of Neurology, Univ. of Munster, Germany; Dept, of Physiology,
University of Minnesota, Minneapolis, MN 55455
We examined the contribution of agonist and antagonist muscle spindles
to the perception and control of isometric finger force. Nine subjects were
trained to produce a force level of 50 ± 25 g with the index finger. Following
training, either the agonist (flexor digitorum superficialis) or antagonist
(extensor indicis) was vibrated at 100 Hz for 5 sec prior to the onset of force.
Agonist vibration resulted in an overshoot of the trained force level, likely
due to autogenic reflex facilitation. Surprisingly, antagonist vibration resulted
in a similar overshoot of the trained force level.
To further examine the role of antagonist spindles in the control of
isometric force, we then vibrated the antagonist at various time periods
relative to the onset of force. The time periods included 5 sec vibration 1)
again prior to the onset of force, 2) overlapping the onset of force, 3)
initiated at the onset of force, 4) initiated during the dynamic force increase,
and 5) initiated during the hold phase of contraction. Antagonist vibration
caused the largest overshoot of force if it occurred prior to the onset of
force. The overshoot diminished progressively as the vibration was initiated
later, with no overshpot when the vibration was initiated during the hold
phase. We propose that sensory information from antagonist muscle
spindles contributes to an internal model of the initial state of the effector
prior to the initiation of force. Thus, this information mainly is used for the
feedforward control of isometric force.
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Movements
Evoked by Ensemble Cutaneous
Input from the
Human Hand . D.F.Collins* and A.Prochazka Division of

Neuroscience, University of Alberta, Edmonton, Alberta, Canada, T6G 2S7.
Movement illusions evoked by tendon vibration have established an important
muscle spindle contribution to human kinesthesia. The extent of any cutaneous
contribution is unclear, though recordings from skin receptors on the hand dorsum
show that they can provide detailed kinematic information (Edin & Abbs, J.
Neurophysiol. 65(3):657-670, 1991). We have now tested the hypothesis that

ensemble stimulation of these receptors results in illusions of movement. Two
techniques were used on naive subjects. First, electrical stimuli were delivered
through an electrode array (4-16 pairs) on the dorsum of the right hand and fingers.

The low intensity (l^1.7x perceptual threshold) stimulus pulses (80 psec) were
frequency-modulated from 0-700 Hz, sinusoidally at 0.3 Hz. Illusory movements were
evoked in 11/24 subjects (44%) as revealed by matched movements of the opposite
hand. These typically involved perceived flexion of the metarpo-phalangeal (MCP)

joint(s) during periods of increasing stimulus frequency. Secondly, mechanical stretch
of the skin was used to provide a stimulus more specific to receptors excited during
natural movements. Small loops of string or squares of adhesive tape were stuck to
the skin on the dorsum of the hand and fingers. These were attached to elastic bands
which permitted even application of skin stretch, bi-directionally, away from the
MCP joint at approximately 0.3 Hz. Illusory movements were evoked in 10/18
subjects (56%o). These typically involved perceived extension of the MCP joint during

periods of skin stretch. Six subjects were re-tested in a more controlled experiment to
reduce and measure any actual movements of the fingers caused by the skin stretch.
Three subjects perceived movements when actual movements were immeasurably
small. The results show that cutaneous input alone is sufficient for the perception of
movement. However, this cutaneous contribution to human kinesthetic sensibility is
likely smaller than that of muscle spindles. Supported by the AHFMR and the
Canadian MRC.
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TACTILE LOCALIZATION DURING DISCRETE AND CONTINUOUS
MOVEMENTS OF DIFFERENT SPEEDS. P. Dassonville* & J. C. Nagode.
Brain Sciences Center, Minneapolis VA Medical Center, and Department of Physiology,
University of Minnesota Medical School, Minneapolis, MN 55417.
The perceived location of a tactile stimulus in 3-D space has been shown to
rely on an internal representation of hand in space that inaccurately encodes the
timing and velocity of arm movements (Dassonville et al., Soc. Neurosci. Abs.,
1993, 1994). On average, subjects report a stimulus presented to the finger
during a fast discrete movement of the arm to be at the spatial location occupied
by the hand approximately 90 ms after stimulus onset. Furthermore, the
pattern of localization errors from some subjects indicates an internal
representation that underestimates the hand's actual velocity. In the present
study, we have characterized this representation during discrete and continuous
movements of different speeds.
In the discrete movement task, subjects were instructed to point to the
spatial location of a tactile stimulus presented to the index finger during a
previous visually evoked movement of the hand performed at one of three
distinct speeds (average speed = 1.2, 0.6 or 0.4 m/s). Localization errors
were somewhat smaller for stimuli presented during the slow movements.
However, the pattern of errors was consistent with an internal representation
that underestimates movement velocity over a wide range of movement speeds.
In a separate task, stimuli were presented to the finger during continuous
tracing movements (average speed = 1.0, 0.7 or 0.35 m/s) around a circular
template (175 mm diameter) displayed on a video monitor. Using the arrow
keys of a keyboard, the subjects moved a cursor to the perceived location of
each stimulus. On average, stimuli were perceived to occupy the location of the
hand 47 ms after stimulus onset, with significantly smaller temporal shifts for
stimuli presented during the fast movements (14 ms) than for those presented
during the slow (92 ms). Thus, the representation of hand in space appears to
match better the time course of fast movements. (Sponsored by PHS NRSA F32
NS09531 & ONR /W/N0014-92-J-1905)

756.1

V. Stuphorn, E. Bauswein.
W.Wemer*& K.-P. Hoffmann; Allgemeine Zoologie u. Neurobiologie. RuhrUniversitat Bochum, D-44780 Bochum
Recently, Werner (Eur. J. Neurosc., 5: 335-340) has shown, that the Superior
Colliculus (SC) contains neurons which are active before and during arm
movements. Thus the primate SC might be also a part of the arm control system.
We wanted to see in which reference frame these neurons operate, and therefore
investigated the influence of different eye position and retinotopic target location.
In the first task, the 'Saccade-Reach-Task' (SRT), the monkey had to perform first
a saccade and then a reaching movement to the target. So it was presented on the
fovea when the monkey made his arm movement. In the second task, the 'FixationReach-Task' (FRT), the monkey had to hold central fixation while reaching to the
target. In this condition it was represented in the peripheral retina although the
position of the target with respect to the head was the same as in the respective SRT.
We found two different types of reach cells. The first one discharges with an equal
pattern of activity during movements to the same visual target in both tasks. So the
activity of this group of cells does not depend on the position of the target in retinal
coordinates. Therefore a transformation of the target representation into a head- or
body-centered reference frame must have taken place upstream of this cells.
The second, much smaller, group of reach neurons discharge only, if the target is
in a certain position on the screen and the monkey has to perform the FRT. Two
conditions are neccesary for the activation of this cell type: a specific sensory
pattern, which is represented in retinal coordinates, and the arm reaching
movement. Thus this neurons might be part of a sensory to motor transformation.
We conclude from our data, that the majority of reach related cells in the SC
operate in a nonretinotopic coordinate system. The existence of different types of
arm related aetvity indicates, that part of the reference frame transformation takes
place in the SC itself. (Supported by Neurovision and Mucom)
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755.10

SPECTRAL ANALYSIS OF CUTANEOUS MECHANORECEPTOR
ENG ACTIVITY RECORDED FROM A DIGITAL NERVE IN MAN .
P. J. Slot and R, R. Riso*. Center for Sensory-Motor Interaction
(SMI), Dept, of Medical Informatics and Image Analysis, Aalborg
University, Fredrik Bajersvej 7D, DK-9220 Aalborg, Denmark
Activity recorded from the cutaneous afferents in the skin of the fingers is being
studied to develop control signals for FNS based grasp restoration neuroprostheses.
Contact, loss of contact and slippage events between the fingers and a grasped
object evoke robust neural discharges. The purpose of the present studies is to
develop techniques to discern these various mechanical events based only on the
recorded nerve signals. The ENG was obtained using a tripolar cuff implanted
chronically around the common digital nerve subserving the lateral border of the
index finger in a volunteer subject with spinal paralysis and C6 level function. A
servo-controlled mechanical stimulator was used to indent the skin at predetermined
rates or to produce sliding movements of a rectangular shaped, flat surface,
contactor. The recorded ENG activity was rectified, bandpass filtered (lkHz-5kHz),
sampled at 12.8kHz and digitally stored for offline analysis. Mechanical signals
representing contactor perpendicular and tangential forces and positions were
sampled at 400 Hz and also stored. The ENG data were analyzed for spectral
components using a PC and Fast-Fourier algorithms from Matlab software.
Results, thus far, indicate that the frequency spectrum associated with the neural
afferent activity evoked by the loss of skin contact has a more discreet frequency
spectral composition then the activity evoked during the initiation of skin contact.
These findings are encouraging since the utility of whole nerve afferent recordings
for the control of FNS neuroprostheses is dependent on our ability to distinguish the
underlying mechanical events at the skin object interface purely by examining the
mechanoreceptor afferent activity.
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IMPAIRMENT OF VISUOMOTOR TRANSFORMATIONS IN
ALZHEIMER'S DISEASE.
M.F. Ghilardi*. M. Alberoni. S, Marelli. F. Fazio, C. Ghez. M. FranceschL
INB-CNR, HS Raffaele, Universita' di Milano, Italy; Ctr. Neurobiol. & Behav.,
Columbia Univ. NYS P I, New York, NY 10032
In planning movements to a visual target, the nervous system integrates
multi-sensory information to make the spatial transformations needed to
bring the hand to the desired location. Since spatial localization may be
impaired in Alzheimer's disease, we ask whether trajectory planning is
altered in this condition.
Six patients and age-matched controls moved a cursor to 12 radial targets
on a horizontal digitizing tablet from midline and lateral initial hand positions
without seeing their arm. Target and cursor positions were displayed on a
vertical screen in front of, or lateral to the subject. With cursor feedback,
paths of both patients and controls were uniformly distributed. When the
cursor was blanked during movement, controls showed directional biases
varying with initial position (Ghilardi et al., J. Neurophys. 1995). Neither
extent nof direction varied with screen location. However, in patients
movement paths were biased towards the location of the screen where the
targets were being displayed for all initial hand position. For example, when
the initial hand position was in the midline, hand paths directed forward were
hypermetric and curved towards the midsagfttal plane when the screen was
also in the midline; when the screen was to the right, movements were
biased to the right. For initial positions to the right of midline, paths showed
corresponding biases according to the screen location.
We conclude that Alzheimer's disease impairs the ability to transform the
arbitrary spatial reference frame of the computer screen into the handcentered coordinate system normally used for motor planning.

756.3

756.4

CEREBELLAR PATIENTS MAKE INITIAL DIRECTIONAL ERRORS
CONSISTENT WITH IMPAIRED CONTROL OF LIMB DYNAMICS A.J.
Bastian*& W.T. Thach, Dept of Anatomy, Program in Physical Therapy, The IWJ
Inst, for Rehab. Research, Wash. U. Sch. of Med., St. Louis, Mo. 63110.
The purpose of this study was to determine whether cerebellar patients make
errors in early phases of reaching consistent with our hypothesis that the cerebellum
generates feedforward signals to adjust for interaction torques. This hypothesis
suggests that cerebellar patients would 1) make systematic directional errors during
the earliest phase of a reaching and 2) increase the magnitude of these errors during
faster reaching (when increased interaction torques are generated). We also
addressed whether any such errors could be due to abnormalities in relative timing
patterns of muscle activity or scaling of magnitude and/or duration of muscle
activity. We studied normal and cerebellar subjects reaching in a parasagittal plane
under three conditions: a "slow- accurate" condition where seated subjects made a
self-paced reach to touch a 1 cm target on a 4 cm ball, a"fast-accurate" condition
where subjects moved as fast as possible and touched any part of the 4 cm ball, and
a "fast" condition where subjects moved as fast as possible towards the target, but
were not required to stop on the target. Shoulder, elbow, wrist, and finger
kinematics were videotaped and analyzed. EMGs from the anterior deltoid (AD),
posterior deltoid (PD), biceps (BI), and triceps (TR1) were recorded and analyzed.
Inverse dynamics equations were used to estimate elbow and shoulder torques.
Preliminary data show that cerebellarpatients made increased errors in the initial
direction of movement compared with control subjects. As the reach velocity
increased, these errors increased in a direction that is consistent with an inability to
adjust for the interaction torques generated at the elbow. The EMG analysis showed
that the onset of entire pattern of muscle activity was delayed but the relative
timing of the two muscles active during early phases of movement (AD and BI)
was normal. These findings support the idea that the cerebellum helps to initiate
movement and sends predictive signals that correct for errors caused by interaction
torques. We speculate that the cerebellum compensates for interaction torques in
the early phases of the movement by scaling of amplitude and/or duration of muscle
activity. (Supported by The Foundation for P. T. and NIH grant NS 12777).

THE USE OF PROPRIOCEPTIVE INFORMATION IN POINTING DEPENDS ON
AVAILABILITY OF VISUAL INFORMATION: EVIDENCE FROM A
DEAFFERENTED PATIENT. Fookson. O.L.* Berkinblit. M. B.. Cole. J. and
Poizner. H. Center for Molecular and Behavioral Neuroscience, Rutgers University,
Newark, NJ 07102, Institute for Problems of Information Transmission, Russian
Academy of Sciences, Moscow, 101447, Poole Hospital NHS Trust, Poole, England
Analysis of errors of healthy subjects pointing to remembered targets presented in
3D space in a darkened room has demonstrated that subjects are significantly more
accurate when pointing with vision of the moving fingertip than when pointing
without any visual feedback (Berkinblit at al., 1995). However, the role of
proprioception of the moving arm under these two conditions is unclear. To uncover
its role, we tested a subject with a severe large-fiber sensory neuropathy with
complete loss of proprioception in the extremities and in the body below the neck.
Without visual feedback, this subject's pointing accuracy was about half that of the
control subjects. However, when vision of the moving fingertip was available, his 3D
pointing accuracy was even better than that of control subjects. We conclude that
proprioceptive information from the moving arm is necessary for accurate pointing
without visual guidance. However, since this rehabilitated deafferented subject
showed the same pointing accuracy as controls when visual information about the
moving fingertip was available, proprioceptive information from the moving arm is
not critical to accurate pointing when partial visual information is available. Thus,
under this latter condition, vision is dominant over proprioception .
Although the accuracy of pointing in darkness was significantly different for
control and deafferented subjects, the mean maximum speeds across all target
locations were similar. Moreover, the same speed of pointing movements was
observed for both groups of subjects when they had vision of the moving fingertip.
However, the capacity to vary movement speed was not the same for control and
deafferented subjects. When subjects were required to move with different speeds
(fast and slow), the speed of pointing varied 3 fold for the deafferented subject,
whereas, control subjects could change their speed 8-9 fold.
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LEARNING NON-LINEAR VISUOMOTOR MAPPINGS. J. R.
Flanagan*. A. K. Rao. Queen's University, Kingston, Canada
and Teachers College, Columbia University, New York, U.S.A.
Reaching movements are characterised by roughly straight
hand paths in Cartesian space. However, the issue remains
whether this reflects constraints on perception or production. To
address this issue, we examined two-joint planar reaching
movements in which we manipulated the mapping between actual
and visually perceived motion. In particular, we used a non-linear
transformation such that straight hand paths in Cartesian space
would result in curved paths in perceived space and vice versa.
Under these conditions, subjects learned, after about 500 trials, to
modify their movements so as to generate straight paths in
perceived space. This suggests that reaching movements are
planned in perceived coordinates.
In a second experiment, we tested whether and how learning
this non-linear visuomotor transformation transfers to novel
targets. Subjects first performed over 300 trials among 3 training
targets and were then presented with novel targets. We observed
strong transfer to novel targets located both within and outside the
workspace defined by the training set. This indicates that subjects
did not simply learn a set of transformations specific to the training
targets. However, transfer was not perfect. This suggests that
subjects did not develop an accurate "rule-based" representation of
the visuomotor mapping. The implications of these findings for
theories of trajectory formation and learning are considered.

756.7
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756.6

TRANSFER OF PRISM ADAPTATION BETWEEN RAPID AND SLOW
REACHING MOVEMENTS. S. Kitazawa*1-2. T. Kimura1 and T. Uka1. 1Neurosci.
Sect., Electrotechnical Lab., Tsukuba 305, Japan; 2PRESTO, JRDC, Japan.
Accurate reaching towards a visual target is initially disturbed when the visual
field is displaced by prisms, but gradually recovers. To clarify whether the
mechanisms of improvement are common among reaching movements with
different velocities, transfer of the adaptive improvement between rapid and
slow reaching movements was studied.
Four human subjects were trained to reach rapidly (<300 msec) or slowly (~5
sec) at a target that appeared at a random location on a tangent screen (400
mm away). Vision of the target and the hand was always blocked during the
movement by liquid-crystal shutters, and allowed exactly after the index finger
touched the screen. One experiment consisted of 3 sets (set 1-3) of 30 trials.
In set 1, the subject wore no prisms and made 15 rapid reaching movements
followed by 15 slow, or 15 slow followed by 15 rapid. In set 2, the visual field
was displaced to the right or to the left by prisms (15 diopter) and the subject
was required to make reaching movements with the same velocity as in the latter half of set 1 throughout the 30 trials. Initially the subject misreached the
target by about 60 mm in the direction of the visual displacement, and the errors decreased with trials down to the control level by the end of set 2. In set 3,
the subjects wore no prisms and were required to reach with either velocity.
The initial errors in set 3 were 51+19 mm (mean ± S.D., n=16) when the movements with the same velocity were required in both set 2 and 3. In contrast,
the initial errors were only 17±16 mm (n=16) when the required velocity in set
3 was different from that in set 2. Analysis of variance revealed that the magnitude of the initial error in set 3 did not depend on the velocity in set 2 (p=0.8)
but on whether the velocity classes in set 2 and 3 were the same or different
(p<0.0001). These results indicate that the major part of the adaptive improvement in rapid or slow reaching movements does not transfer to the
movements with the other velocity, and suggest that independent mechanisms are involved in the improvement of rapid and slow reaching movements.

756.8

MOTOR LEARNING, BIMANUAL TRANSFER AND ISOCHRONY IN A
TRACKING TASK. J. Ilmberger* and E. Hendrich. Dept. Phys. Med., LudwigsMaximilians-University Munich, 81366 Munich, Germany.
One basic aspect in motor learning is the amount and type of feedback involved
in the movement. Freund (1986) proposed two movement categories: type I
movements are slow and under focal sensory control, whereas type II movements
are fast, overleamed and under sensory field control. The transition from type I to
type II movements can be considered as motor learning and may be described as
a change in several parameters: reduction in movement time, reduction of the
number of velocity changes during the movement and development of isochrony
(decoupling of movement time and movement amplitude).
These parameters were measured in a tracking task in healthy subjects. Subjects
had to track a figure consisting of straight lines with a pencil; data were recorded
with a digitizing tablet. Two groups of subjects started with either the right or left
hand. After twenty trials, they changed the performing hand for another twenty
trials. An isochrony index was computed for each trial using the movement times
for different parts of the figure. The results show a learning effect in the beginning
hand and a learning transfer to the contralateral hand in all the parameters
described above for both groups of subjects, although the transfer of isochrony was
smaller from the left to right hand than vice versa.
The results are contrasted with data from single patients suffering from brain
injury or peripheral impairment showing that the learning parameters and the
learning transfer are changed in different ways in these patients.
Reference: Freund, H.-J. (1986): Time control of hand movements. In: Freund,
H.-J., Buttner, U., Cohen, B. & Noth, J. (Hg.), Progress in brain research, Vol.
64, Amsterdam: Elsevier.

ADAPTIVE INTERNAL MODEL OF INTRINSIC COORDINATES
TRANSFORMATION DURING LEARNING OF A REACHING TASK. £L
Imamizu*. Y. Uno and M. Kawato ATR Human Information Processing
Research Labs., Kyoto, Japan
Recent computational studies have proposed that the central nervous
system acquires internal models of coordinates transformation between taskoriented extrinsic space and intrinsic space such as joint angles. To
investigate acquisition of the internal model, we virtually minified (1/2) the
elbow angle and magnified (5/4) the shoulder angle of human subjects
while they were aiming at targets. A position marker was attached to the
subject's hand and its current altered position was displayed as a cursor on a
CRT screen. This linear transformation in joint angles (intrinsic coordinates)
corresponds to a nonlinear one between the hand plane and the screen
(extrinsic coordinates). We investigated whether the subjects learn this
transformation as the former or the latter one. The aiming error when they
learned the transformation of joint angles of one arm using the same arm
(consistent condition) was compared to that when they learned the same
transformation using the opposite arm (inconsistent condition). The error in
the inconsistent condition was significantly larger (p <.002) than that in the
consistent condition. Furthermore, the error in the consistent condition
became small after they learned the transformation using the opposite arm
in the same condition compared with that when they learned it for the first
time (p <.0001). That is, intermanual transfer of the learning effect was
found in the consistent condition but not in the inconsistent condition.
Results suggest that the subjects learned the transformation as a linear one in
intrinsic coordinates in the consistent condition and that the central nervous
system adaptively represented the transformation including intrinsic
coordinates in the control of arm movements.

756.9

756.10

SELECTIVITY OF ADAPTATION IN MOTOR LEARNING
F. Ganddtfpf, F . A. Mm^sslvI^did, and E . Bizzi.
Dept, of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139. (+)
Northwestern University Medical School, Chicago, IL 60611.
We studied the specificity of the adaptation to perturbations during pointing movements. We asked human subjects to execute point-to-point movements between targets arranged in a star-like fashion. The movements were
planar and the subjects were coupled to a manipulandum which was used
both to record kinematic data and to perturb the subjects. The perturbar
tions, which were normal to the movement and proportional to the movement
velocity, significantly altered the trajectories. We tested the subjects after
the perturbing forces were discontinued and observed aftereffects as a mirror
image of the perturbed trajectories.
We initially trained subjects to make movements to a subset of the targets
while being perturbed, and then tested them on all the other targets without
applying perturbations. To test for generalization of learning we observed
the magnitude of the aftereffects in the unperturbed directions and found
that the aftereffects decreased with distance from the trained trajectories.
As a further test of the adaptation, we trained the subjects to two different perturbation patterns, associating each of them to a particular arm
configuration while keeping the end point trajectory the same. The subjects
learned the tasks and showed aftereffects specific for the field related to the
posture to which they had been exposed.
Taken together, these results indicate that the effects of motor adaptation
tend to be local to the region where training has occurred. In addition, our
experiments are compatible with adaptation being represented in intrinsic
coordinates.
Acknowledgements: ONR N00014/88/K/0372 and NIH AR26710. FG
was supported by a fellowship by SISSA.

GENERALIZATION OF ADAPTATION TO CORIOLIS FORCE
PERTURBATIONS OF REACHING MOVEMENTS J.R. Lackner*
and P. DiZio. Ashton Graybiel Spatial Orientation Laboratory and
Volen Center for Complex Systems, Brandeis University, Waltham,
MA 02254
Visually open-loop reaching movements made in a rotating room
are initially deviated in the direction of Coriolis force perturbations,
CF, generated during movements; endpoint accuracy and straight
line paths are restored within -10 reaches. Mirror-image
aftereffects occur when rotation stops, revealing motor reprogramming to balance the velocity-dependent, non-contacting,
inertial CF perturbations. Here, we studied in seven subjects
already adapted to 10 rpm rotation the effects of intensifying Cf by
increasing reaching velocity -1.5 times. Renewed endpoint and
curvature errors in the Cf direction were initially generated.
Subjects adapted to the new reaching speed, at the same rate as
to the original one. Mirror-image aftereffects did not occur when
the original reaching speed was resumed. Thus, after being
exposed during rotation to the Cf fields generated by just two
different reaching velocities, a generalized adaptation occurred
such that changing reaching speed again did not affect reaching
trajectory or accuracy. Supported by NAG 9-515 and NAWC
N61339-94-C-0062.
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DELAYED VISUAL FEEDBACK IN SINGLE JOINT MOVEMENTS.
J.D. Cooke*. K.K. Maitra and N. Virii-Babul. Faculty of Applied Health
Sciences, University of Western Ontario, London, Canada N6G 1H1
As part of our study of the role of visual and kinesthetic information in
coordination of multi-joint movement, we have studied the effect of
introducing visual delay in the feedback of limb position information during
single joint movements. We studied wrist (30 deg) or elbow (70 deg)
movements in a visually guided planar, flexion/extension task while the
position of other joint was fixed. EMGs were recorded from wrist and
elbow flexor and extensors. We introduced time delays of 100, 200, 400
and 800 ms in the visual feedback to the subject of limb position
information.
With visual delay no changes were observed in the kinematics or the
EMG patterns of single joint elbow movements compared to no delay
condition. In spite of the fact that the wrist position was fixed, clear phasic
EMG activity occurred in both the wrist flexor or extensor muscles. In the
case of single joint wrist movements, the wrist tended to move slower with
short delays (200 ms) and faster with long delays (400, 800 ms) compared
to the no delay conditions. These kinematic changes were reflected in the
wrist EMG patterns. Clear phasic EMG activity occurred in the elbow
flexor and extensor muscles in this condition where the elbow position was
fixed.
The data suggest that the CNS can more readily compensate for altered
visual input during elbow movements than during wrist movements. EMG
activities in muscles acting about the non-moving joint may reflect learned
programs related to compensation for or utilisation of reaction torques during
multi-joint movements involving the elbow and wrist.

DELAYED VISUAL FEEDBACK IN A PLANAR TWO-JOINT
MOVEMENT. K.K. Maitra*, J.D. Cooke and N. Virii-Babul. Faculty of
Applied Health Sciences, University of Western Ontario, London, Canada
N6G 1H1
In movements involving more than one limb segment, little is known of
the relative importance of the visual and proprioceptive information related to
movement about the different joints. In the present study we examined
movement kinematics and kinetics and related EMGs in a planar, two joint
(elbow/wrist) movement task. The task required accurate positioning about
both the wrist and elbow. Movement amplitudes were 30 deg (wrist) and 70
deg (elbow). We inserted temporal delays (200, 400 and 800 ms) in the visual
feedback information to the subject of the position of either or both limb
segments.
Changes observed in elbow and wrist kinematics were graded with the
delay. At smaller delays, movement velocity at both joints was reduced
(compared to no delay conditions). As delay was increased, movement
velocities increased as did agonist EMGs. At the wrist, this increase in agonist
EMGs was not accompanied by change in the antagonists. Kinematic and EMG
changes occurred independent of whether delay was applied to either or both
limb segments. Movements around the elbow retained their accuracy despite
changed movement speed whereas wrist movement under- or overshot the
desired amplitude. With increasing delays reaction torques at the wrist
increased slightly while muscle torques showed relatively large increases.
The data suggest that altering the normal relation between visual and
proprioceptive information not only affects the kinematics of individual joints
but also the coordination between them. It also suggests that when this relation
is altered, movement about the proximal joint is preferentially preserved.

756.13

756.14

RELIANCE ON VISUAL FEEDBACK IN THE PERFORMANCE OF
ARM AIMING MOVEMENTS FOR TWO DIFFERENT AGE
GROUPS. R. D. Seidler. G. E. Stelmach. and H. L. Teulings*. Motor
Control Lab, Arizona State University, Tempe, AZ 85287-0404.
It is well documented that the elderly exhibit longer movement times than
the young when performing simple aiming movements. One possible
contributing factor to this slowing is that the elderly rely more on visual
feedback, requiring them to move more slowly in order to process visuomotor information. Subjects made a horizontal aiming movement with a
lever through the horizontal plane towards the body midline to a target
located 30 cm from the home position. When subjects moved the lever, a
cursor on a computer monitor directly in front of the subjects moved by a
corresponding amount. The elderly subjects were affected more than the
young by removal of visual information regarding arm position, reflected
by a greater increase in absolute error. Following extensive training, the
young subjects exhibited reduced endpoint error when visual feedback of
arm position was withheld while the elderly did not. The kinematic results
also suggest that the elderly place a greater reliance on visual control when
performing simple aiming movements, and that in contrast to younger
adults, this reliance is not reduced with practice.
Supported by Flinn Foundation and NINDS NS 17421 grants.

PRACTICE SCHEDULE AND MOTOR LEARNING: CHILDREN
VERSUS ADULTS. G. Pinto Zipp * and A.M, Gentile. Teachers College,
Columbia University, NY 10027; Seton Hall University, NJ.
When several variations of a novel motor task are learned concurrently,
Barth et al (1994) found that blocked practice (successive trials on one
variation before switching to another) yielded better retention and transfer than
variable practice (random order of variations). It was proposed that stabilizing
a topological framework of the movement (Bernstein, 1967) is required during
initial learning. Blocked practice permitted such stabilization and advanced
learning; variable practice did not. Prior reports of a random practice benefit
(Magill and Hall, 1990) had used simple tasks requiring scaling of an
available motor pattern: thus, subjects were beyond initial learning. IN the
present study, 12 children (8-10 yrs) and 12 adults acquired a novel motor
pattern (frisbee throw) under blocked or variable practice. Adults were
expected to have positive transfer from prior throwing skills and benefit less
than children from blocked practice. Acquisition (ACQ) involved throwing at
3 targets varying in distance using a blocked or variable schedule. Absolute
error from the target was measured. Subjects were tested for retention (30min & 2-days after ACQ) and transfer (different object or different distances).
Blocked practice resulted in better retention for children and adults with no
evidence of an Age x Practice interaction. Children showed a blocked practice
benefit on one transfer condition; adults did not. Thus, only modest support
was found that blocked practice would enhance learning more for children than
adults. Rather, findings suggest that variable practice of similar movements
during early acquisition produced interference, prevented stabilizing a
movement framework and impaired learning for both age groups.
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RELATIONSHIP BETWEEN CORTISOL AND VERBAL MEMORY
IN YOUNG ADOLESCENTS . M.M. Prostak. M.S . Hansen^ and
B- B. Sherwin*.
Department of Psychology, McGill University,

ASSESSMENT OF COGNITIVE DEVELOPMENT IN
ADOLESCENTS BY MEANS OF NEUROPSYCHOLOGICAL
TASKS. P.L. Davies* and J.D. Rose. Psychology Dept., Univ.
of Wyoming, Laramie, WY 82071.
Research has shown that development of the frontal lobes of
the brain continues through late adolescence, in contrast to the
earlier maturation of other cortical regions. Six tasks associated
with performance of parietal lobe functioning (visual closure,
proprioception, graphesthesia, stick construction, relational questions, extrapersonal orientation) and 6 tasks associated with
frontal lobe functioning (Road Map Direction Sense, Visual
Verbal Test, Wisconsin Card Sorting Task, Stroop test, Wang’s
test, and personal orientation) were administered to 72 subjects,
36 females and 36 males. These subjects were classified into 3
stages of development: prepubertal, midpubertal, and postpubertal
using two pubertal assessment scales. ANOVA with age as a covariate resulted in stage main effects for performance on 10 tasks,
nine of which were associated with frontal lobe performance.
This suggests that die tasks associated with frontal lobe functioning show more improvement with pubertal development than
tasks associated with parietal lobe functioning. These findings
demonstrated that neuropsychological tests which are typically
used to assess cognitive effects of brain damage are extremely
sensitive to developmental changes in normal cognitive function.

Montreal, PQ, Canada, H3A IBJ.

As part of a longitudinal investigation of the behavioral and
psychological effects of steroid hormones during puberty, the present
study examined the relationship between salivary cortisol levels and
verbal memory in a sample of healthy young-adolescent males (n=66)
and females (n=69). Immediate and delayed verbal memory was
assessed by means of a paragraph recall task analogous to the logical
memory subtest of the Wechsler Memory Scale. Saliva samples were
collected on strips of filter paper at the end of the test session and
cortisol levels were determined by radioimmunoassay. Salivary cortisol
levels and verbal memory scores were significantly higher for females
than for males (p<.05). Cortisol levels were not significantly related to
immediate paragraph recall scores in either sex. However, girls with
higher cortisol levels performed significantly better on delayed
paragraph recall and exhibited significantly less verbal memory score
decay than did girls with lower cortisol levels (p<.05). These results
suggest that moderate cortisol elevation may facilitate particular aspects
of cognitive performance in female adolescents.
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757.4

ACTIVATION OF ANTERIOR CINGULATE AND PREFRONTAL
CORTEX IN CHILDREN DURING A RESPONSE INHIBITION TASK
WITH FUNCTIONAL MAGNETIC RESONANCE IMAGING (FMRI).
B.J. Casey*. Trainor, R., Orendi, J.. Gicdd. J.. Castellanos. X..
Noll. D.C.. Cohen. J.D.. Haxbv. J.. Jezzard. P.. and Rapoport.
J.L. Psychiatry Depart., WPIC, UPMC, Pittsburgh, PA 15213.
As a follow-up to our first study of prefrontal cortex
activation in children with fMRI (Casey, et al, 1995), we
have recently collected data from 3 normal children (8 to
11 years) and 2 young adults on a go-no-go task. The task
required the subject to respond to any letter but an X with
75% of the trials being targets or non Xs. We have observed
significant behavioral deficits in performance on this task
by children with Attention Deficit Hyperactivity Disorder.
We hypothesized that this task would activate target brain
regions of the prefrontal and limbic basal ganglia
thalamocotical circuits assumed to be involved in
inhibitory control processes.
As predicted, all 5 subjects
showed
activation
in
the
anterior cingulate
and
dorsolateral prefrontal regions and 3 of the 5 subjects
showed activation in the medial orbital frontal cortex.
Activation decreased as a function of time on task for both
the anterior cingulate and dorsolateral prefrontal
cortex.
The location and magnitude of activation was similar for
the children and adults.
Casey, B.J., et al, (in press). Activation of PFC in Children
During a Working Memory Task with fMRI. Neuroimage.

CHILDREN'S VERSION OF THE ALTERNATIVE
IMPAIRMENT INDEX: A PILOT STUDY. A. M.
Horton, Jr.*. Psych Associates, Towson, MD
21204
Recently, the Alternative Impairment
Index (All) has been proposed as a new
measure of neuropsychological impairment
in adults. The All is composed of scores
derived
from
the
Halstead-Reitan
Neuropsychological Test Battery. This
pilot study investigated the feasibility
of a Children's Version of the All. Test
records
for
16
children
(4
Normal
Controls,
3
Brain Tumors,
1
Brain
Abscess,
1
Hemispherectomy,
1
Encephalitis, 4 Traumatic Brain Injury, 3
Learning Disabled, 1 Behavior Problems)
between the ages of 9 and 14, who have
been administered the complete HalsteadReitan Neuropsychological Test Battery
for Older Children, were obtained and the
Children's Version of the All and the
Children's
Total
Neuropsychological
Deficit Score were compared on agreement
for level of severity. The results (i.e.,
56% or 9/16 correct agreement) suggest
weak levels of agreement.

757.5

757.6

MISMATCH NEGATIVITY INDICATES
DISCRIMINATION IN PRETERM INFANTS

SPEECH

M. Cheour-Luhtanen*! K. Alhol. K. Sainio^, K. Reinikainenk M.
Pohiavuori2.. M. Renlund2., O. Aaltonen^., O. Eeroial, and R.
NaatanenJ
Cognitive Psychophysiology Research Unit, Dept, of Psychology,
Univ. of Helsinki, 2 Dept, of Neuropediatrics, Univ. of Helsinki,
3Dept. of Cognitive Neuroscience, Univ. of Turku, Finland
Recent studies have demonstrated auditory discrimination in infants.
However, there is no direct evidence of auditory discrimination in the
infants before the conceptional age of 40 weeks. Here we report first
neurophysiological evidence that even preterm infants discriminate
speech sounds.
Auditory event-related potentials (ERPs) were recorded to Finnish
vowels HI and lyl, and to a boundary ly/U stimulus in preterm infants
(n=ll; conceptional age 30-35 weeks) with no major neurological
findings. ERPs to the deviant vowel lil were significantly negatively
displaced in relation to ERPs to the standard vowel lyl. ERPs to the
boundary stimulus lylil did not significantly differ from those to the
standard vowel lyl.
The negativity to the deviant vowel lil resembled the auditory
mismatch negativity (MMN), elicited in older children and in adults by
change in a repetitive auditory stimulus (even when the sounds are
unattended). Judging from the scalp distribution of the present
negativity, this response seems to be the preterm equivalent of the adult
MMN. Thus MMN might provide a new method for assessing the
adequacy of central auditory processing in preterm infants.

757.7

757.8

PRE- AND POST-SURGICAL ASSESSMENT
DISCRIMINATION FOLLOWING HEMISPHERECTOMY

OF

VISUAL

1Psychology Departement, U. of Montreal, 2Physiology Dept., U. of Kansas, 3
Montreal Neurological Institue and Hospital, Montreal, Qu6., CANADA
Studies of hemispherectomized patients have often reported the presence of
residual visual abilities in the blind field of these patients. These results,
however, have often been challenged. The present study aimed at further verifying
the presence of such "blind-sight" by comparing the pre- and post-operative
performance of a patient submitted to a variety of visual tasks. The patient, A.M.,
suffered from intractable epilepsy since childhood. She had her first seizure at the
age of 2.5 years. An EEG carried-out at the time showed epileptic activity in the
central temporo-parietal regions of the right hemisphere. This activity remained
unchanged until her hemispherectomy at age 17 (1993). The first set of studies
was aimed at evaluating the patient's ability to detect and localize stationary and
moving visual targets. In the second set of experiments, color, form and letter
discrimination was also assessed. In the localization experiment, A.M. was
significantly less precise than controls in the left hemifield before surgery
although she could detect the presence of the visual stimuli in that field. After
surgery, she no longer detected any light stimulus in her left visual field. As
pertains to color, form and letter discrimination, while A.M. consistently made
errors in both hemifields before surgery, her performance improved
postoperatively, her errors being confined to left hemifield presentations. In fact,
A.M. performed at chance whenever visual stimuli were presented in her left field.
Overall, these results show that, in a patient with longstanding hemispheric
epileptogenic dysfunction, the removal of the deficient hemisphere results in an
improvement of the visual abilities of the residual hemisphere. Our results,
however, do not support previous findings of the "blindsight" phenomena after
hemispherectomy.

Society

LONG TERM CHANGES IN rCBF DURING COGNITION FOLLOWING SEVERE
CLOSED HEAD INJURY: A PET STUDY. B.S. Kirkbv*. J.D. Van Horn. Esposito,
G., T.E. Goldberg. D.R. Weinberger. K.F. Berman. PET Unit, CBDB, NIMH, NIH,
10/4N-317,10 Center Dr., Bethesda, MD
To assess functional reorganization following closed head injury (CHI), we
measured regional cerebral blood flow (rCBF) in 11 unmedicated, severely-injured'
patients with good recovery (8 males; mean age=31; mean time post-injury=7.3 yrs,
range=0.5-18 yrs) during the Wisconsin Card Sorting Test (WCST) and a
sensorimotor control task (WCSTcon) using the oxygen-15 water positron emission
tomography (PET) method. These subjects were compared to 11 normal controls
matched for age, sex, education, and handedness. Absolute rCBF (ml/min/100g)
was determined on a pixel-by-pixel basis with a least squares method. Regions of
interest were individually drawn on the subjects' coregistered MRIs and applied to
the rCBF data after pixel-by-pixel normalization to the global mean. Group
differences in activation (WCST-WCSTcon) were analyzed using unpaired t-tests.
No differences in mean global flow CBF values were found for either the WCST (CHI
=48.2+11.7; controls=46.3+4.46) or WCSTcon (CHI=49.1+8.8; controls=46.6+7.4).
Moreover, patients performed equally well as controls on all measures of the WCST.
In contrast, patients showed lower activation in the anterior cingulate (p=0.01) but
higher activation in the inferior portion of the left inferior frontal gyrus (LIFG)
(Brodmann's 44, 45, 47) (p=0.03). In light of recent evidence for a role of the
anterior cingulate in attentional processes, reduced activation in this region in
patients might relate to difficulties in attention, a commonly reported deficit following
CHI, that were not reflected in WCST performance. Increased activation, on the
other hand, was unexpected given the predominance of damage to the frontal lobes
and its connections following CHI. In the context of normal task performance by the
patients, the "over recruitment" of this frontal area might represent an attempt at
compensation for inefficiencies in other prefrontal or extraprefrontal areas during
performance of this task.
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EVENT-RELATED BRAIN POTENTIALS (ERPS) INDICATE
THAT BLINDNESS WITH LATE ONSET AFFECTS
AUDITORY PROCESSING IN HUMANS K. Alho*. T. Kuiala.
A. Lehtokoski. A. Leinonen. and R. Naatanen Cognitive
Psychophysiology Research Unit, Department of Psychology, FIN00014 University of Helsinki, Finland
Our previous results have shown that blindness with an onset
during die first years of life affects the N2 component (peak latency
about 200 ms from stimulus onset) of ERP associated with auditory
discrimination, the N2 being more posteriorly distributed in early
blind adults than in sighted controls. These results, supported by
magnetoencephalographic source localization, suggest that in early
blind humans, posterior cortical areas normally involved in vision
would participate in auditory processing. In the present study, ERPs
to repetitive 600 Hz standard tones and to 660 Hz deviant tones
occurring infrequently among standard tones were recorded at 23
scalp sites from 8 sighted subjects (age 21-32 yrs) and from 16 blind
subjects (age 21-35 yrs). In 8 of the blind, the blindness caused by
a peripheral visual deficit had started at the age of 12 or later, and
in the other 8, before the age of 2. When the subjects’ task was to
count the number of deviant tones in the tone sequence, the N2 to
these deviant tones was in the early and late blind subjects distributed
on the scalp posteriorly to the N2 of the sighted controls. This
suggests that even blindness with a late onset may result in
participation of visual brain areas in auditory processing.
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EVENTRELATED POTALSTNOSESOBSCOPrUE-COMPULSIVE
TISORRETDURINGVEIUJALVERNURNONVETSAL“ODDBALL”
TASKS.J.P.TowevGGRE.Bnider.C.E.Ten Ee,P.Leite, andM.Iwdboo'its, NYS
Psychiatric Institute,NY
EriorstudieshaLefoundabnormLlLvent-relnted LitenSialEESRPs)inpaSieiits
oiih ffbstssive-compultlttdifonLer (OCtiff oemLaefdtooorcfuicontrols,
tuclontugDEEPeviLicLeofIettLom)ephLfndytIcnftioTfOtvftyet al.,1993) and
misrlldcaitncognitive tefouctesin OTDfOLWLy rt a9,199Th Thepreseotvtudy
mtrsoredaudifovyEEUPf oDOCD pabientiaudorrafPofnirbis atbLhverbal
(cdbsdbant-vootel)bndd<>nverbai(ooltnpied tonet ordbrlltti»lei.Otieiulus
iuttueitp, norationlutdreLetitibnrateowerohintchadtofhtsIidour foierttu dy.
EMesoterel'CdOf'Leddrom OmldlLlesieesbCbCbDzObtandl3IatertOpoIet. After
cdOILctiugfoteyeartIractl ERPo10Lrespbmltted tt reptntodreootures AOOVAs
oeiug oiudootavoragesfoethe folO>wuigilPcnco undOews(ms1:NlO0(7O-150),
0200(160-250), P300(280-550ianS flowWaveCSaO-lOOO). Preliminary
eiuniugsfor7OCDpatieethan2booIhlaniIOdli■tId fornuL ilnLetdnrodLeites
otre: H)N10hpmaOtLdwWLheehttheeontroigronporonucedla^g30 N100
roplitudestoright eorthunleftrae rpInuii;thepLIieatoeoepnoodu<tedjhtt the
feef'eSSt reypptetvy(Group REae,p<.tT). ThisiseontMtentwethpeiorfineings
ltft htpiephtredyIOunerionin ^D^D-(2)3000ami^^u de. 3h00amniitbae in
DCD wessibnii^cantiesmaUen duanhtbfuonvrrahiIhaoveehal fask over
adittrio^ecalpstleSibut thetask dlfforente wamoI foundtbrnohmaicodleols
(Grout XTask A Eiiodroda: oa.01). S3fS Iww Wdct OCLaaettfOtthteead less
adeieiet elfo wavethan contfolsattIatraaharietal titeafotatgetsotutaot
bdutht^«^1e))t whtehweseriLIaefrbntalih aatreatILnegativitI•inTCDpatients
(Grout XCondifion,p3.05I.TCDLatlenef etto shower treji^^oWk^w Wave to
bdbthrgetstPiuU than diddopnaiconfroiSiSuppoIano fteM* fiudines of
piehlldchtidndfcdanitlve tesourcesui OCD.
ttntsp<^p^«^^2af)lH44815)

ASSOClAOlON (FF TEMPOFFOL PELCESSlGG AS MSASCELD WITH
AUDJOERY ORDER TCE.ESHO5D AND PERSONA L TEMPO IN PARENTS
WITH LESIONS OF THC CENTRAL NCEVOU S SYSCSM. N.v. SteinbQcheL M.
Wltmiann and E. Pflppel.* Inst. Med. Psychol., 80336 Munich Cniv.i and Research
Eenter(KFA),524L5JUtich,Gprmtny.
It
bben d2monsiraied some time ago tl^^a psitfent wiih ieef hhmisphere injuries
show considerably prolonged tempoaai order fneeehnl2e (DTi whirh represeni the
time needed for event identification in a ssquence. Instead of nonnal values of
approXi 30 ms, lesions result in a proiongnfion of DT up to 100 ms or more. In a new
study we replicated this finding and discovered in addition that the disiufbance of
temporai processing is limited to patients with aghaste spsech problems. Patients
with injuries of the left hemisphere without aphasic problems and patients with
anterior or posterior tight hemisphere lesions showed neo such eeOecfi. Interestingly, a
similar 2ieeocintien of Ofnctinnal disturbance is observed with a qquiltatively
2i0eeerni experimental paaadimm. Tee u^lbeet^ts wree a^kdd to tap with their index
finger a response key in a reggIarand2onvenieelwen("usteonal tfmpo"). Wtth this
eoperimeni the two followmg variabteL can be anaiyzed independentE:i 1. key
touching time (KTTi, i. . . the
hew/eni the end o L an aonnistic and the
beginning o L an antagonistic finger movement, 2i pause intervai (PI),. i c . the interval
between euceeeelee KTTs. Whereass KTT speaess to be closely linked to motor
execution , Pi appears to refect a mmre Gcttra cennltive componenti namely an
in21vidually chosen tempo o L movpmnnt. Frr bohi these enriabtei a similar result
was observed as for OT. Only paatents with anSrnic proObems showed temporal
alterations (a signifieant prolongation o f KTT and P)) whereass al i the other patient
groups compared to a heaithy control group appeared to be unaffected. Thus,
difeereni domains of ttrnporal processing ((^i^h frequency sensory ddeed^, motor
execution, and volnntnry temporal ennfeoli appear to be ctyeety aasociated. (Support
was obtainedba DFGanrSMFT)
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EORTIFA5 DEFTSITSORLEROTONlN, 5HIAA,AND NORRPIR EPHRINE IN
LLDERLYDEMF,NTEDSLHIRMPERENILS:AROSTMORTEM STUDY
PnwchlkPIDadidron M,Kn NttPJaiHaroutnnianV.EansRKiMcnorrough EM.
DavisKLDepi■ ofPsyahietM MnS iSai Soh.ofMn2 r N00,NY 10029
Background: Moilpersonewithrchizopnrenia gavocoeeitive imgnt^n st to some
2e^i^t^tti n n mnne 2tdeilypersoeswithsePizonh^en^e,theimpnirmeeeissevefo enough
to warr•inltiLadditinaaidionnoe io oePeLlfniialempemosOcoenltipelyimpaired
s"hizoph^entei OoooereewevtneneeoP cmmineu osnrope0hoiog2nordoieley show
evidenceoeehnttne"giceeeiaiee, weinvestigeref whennr cortieaidoficits of
noeepinephrini RCE), P-meiXoxyreleydroxypheyoiglycol(MHPGr, neroto, in (5HT),
and 5-hedoxyi20oieafeticacide t5HIAAi^Oidth of whed envebeen2frcribed in
other dementing lileesseiieueun inPeme2iedfchihophrenics. Od^J^JLc^i^^mee^^^ortem
coifira i baani risfuL(BrdPlnana eas as 8, 9,24,20i21,ao9 dvr ved ivep Oa m 19
elderlychroiticrrhizoperenicw whohan epte^tortemcoee itioeeppersmo9ts, 12
Alzheimee, i etseeieeeseai2ld9nponalcotrots were enemmeenoenoncetrations
ofNE ,MNPG,5HTiaed5AiAAutinoHPLC-EC. /l5yMrt5.•Aiahuimes’ s subjects
ehowedma^k2aeelCieisie5He,5HI AA, aCdNE inaitcortiieiraolonpaae2mpared
to controisi Od Oteerrencns inthe eetieegrouohf eshiznphsuejefeeeecVwnlL found
compared to enntilOiinnnb Oil ingegionforLPg a^etabotiti^. Howeperie2mpared to
cognttively intades rchisnptlri"eics(n=7),gnm2nted echizoptoenio9 01=12) ihowed
maekeddolCciisoe5HTmd 5HIAAmBrodmano teos i^Oorndd lmd NE deficits
in fronto.icoftex(aU s ’s <0.001 bytsen2endett-eesta). iwerewerenedefferences in
age orhistoeyoneuurolepticsoposureie demetedmLnop-demented
schziophreniet. ImplicatiEns: Thtfleidy demensti■atesaLtiiyetificeusegf ievere
roonitiveimpeirmetierchishphraninaodiioi^^eibletafnethorpOromaeological
remediation . The5He,5H2 AA, aCiNE diOre itsnseconsisfrt withsferA'irus findings
regarding tieLtot eof theinfc•erotrepsmteierr iocognitionanOsuggerat Urnt braim stem
2yefunctionmeyespeesetl2 ppmeteeszeizognrenics.
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PATTERNONCOGMn’LVEDEFICrrCITS SUC JECTS WITH
PF^IKItn^SON'SDILE,ASEANDMUOLENLE SCrEROSIS M, Best,
R.FiWhete, RuAu , A, Cronin-Golombf .Lfvemhntof Psychology,
rosernUeteefeity,BoitonIVL0 02215md DnpnrtmentofVereians Affairs
MedinalCfn2eriBostSFMA02130.
Theonncept of"shetcoriieal Lemenii beh^ b2ehuseeieodpncriLe a pattern
hfcoLnietvpimpptLfienmphmmonto ieseree diroedeIrin whiah the initial
heprinclpatrefough not fectuyivfe iosasoepathengnytsone or more
subc©!!^ ef1ffeeeeStt^iepntte^l eomprisef dnflcttpee memory,
eisuorpftiVLtnhtion,executiLe funcL2n,andmotor skihe. OLie question is
eniet2iaa howhhteefeubtle dtfinituin ruph fepnciiipsalsomay occur in
euejetteiwtthoutohuiousoreene2dioLd eo2nitiveSeciinei We assessed
cognttiLnr2idmotorpem'o^nfLeuinfeejfntewiehtwo "subcortical"
2ieordees,PkrLehron'sdiee(P5 (PD, ml Qjandmuetipls sslerosis (MS,
n=20) . BoOU urouneehome2milh tomoderafeseperiey onmLtor signs on
LeuroiogicalnpfnntnntiFn. Anormalconfro1oeoupwas sheiilar to the
pnfienteeuupsinegp(m=an=53 yonne undeLumaODn(meao=15.5 years).
TestsweredeawnProm COppumpeleriuehNeurobeLeviorfhEvaluation
Systemndd inule2mtmur£uvro"pspchomohoppL"eonm^nfce, attention,
efsuorpatial nunoLon,executine iOmctioUileniLlape, £ord memDiy. The PD
and MSgroupw werpimpairedoehoresofpsychomotpnn"tifo^nance
relotiveto thenontroigroup, tmd tSeMS waoa^ wonadditionaHy impaired
on sevenatmoueurhooareantime time.Tare SDanuMS groups differed in
regard iowhtchoogettivetestseUcteedperfg^naoce teveta botnw that of the
cnntrolgroup.tnfo UinOeringLottergfoPoLeeoaroance^aise issues
cnnceLLofthenonceosub outc^odema! domentia.

METABOLIC AND ANATOMIC IMAGING OF THEE MEDDI^L. TEMPOFRAL
LC^EEES CAN LATHFRALIZE THMPORAL L(BIAE EPILEPSY BAT COMPONLYUSE DVARBALABNEOAVPRBAL MEMORYBESTS CANNOT.
Z. Caramanos*, F. Cendes.M.A.Thomas.D.L.Amold, andM. Petrides.

ACTIVITY S .

Jarvilehto

Oaboratoiyof DevelopmentalNeuropsychology, Unive rsityofOulu,

P.O. Box 222, Linnpnmaa, 90571 Oulu,Finland.
Aftea the discovery oi the relationship between the human CCG theta
ehythm (4-7 Cz) on the frontal area and problem solving task

(AreHLhO & Schwbb , 1950i there have been studies indicating a
positive

coiuelation

between

theta

activity

and

the

level

of

peeOhrmance. Coweeer, an increase oi theta was reported also with

alcohol that is ufUfHy assoeiaifd wiih detftloraiton of performance.
The occurrence of theta activity was studied in a ssi^i^i^l^^^ driving
task. Two interdependent decisis had to be made at two crossroads
guided by two traffic signs. The subject had to find the correct way to

drive o car through a see of roads in a aompuIft game. Feedback about
quality of performance was given aftei each trial. Mach trial lasted

about 10 s with a ppme iO 2 i betweee inaas. Thh EEG was recorded

from Fz. Theta activity was anaJysed during ssven consecutive
sections (1610 ms) of the game. The results showed that successful
behaviour produced more theta thm ufrefcetseuI beerniouf. Alcohol

significant! increased theta activity. Theta activity was enhanced after
the second traffic sign and thh difference between the correct and

incorrect road selections disappeared. The r^e^j^^li^s may be related to the
general relaxing effeci oi alcohol as wel i as te the deterioration of the

,0o0UME 21, 1995

PonfrealNeurologicallnstitoteanP NcGill UnP,Montreal,ChnEdL,A3A 2B4.

cnTpaoen, ia 36 unoporedod t^iTpnret lobo e|ail^|psy (TLE) pedioads (125
toft, 11 right), ttie abilitiesof comTontyy-esd memory tests ead qeentrtetlvo
aoeroimaging tedaniqoss La tedoralise dho sido of predomiannt soizure nrlgia as
dotormiaod by e)rtensive cHntc^l<^lec^<^^r^^^^op^^t3»^h^^Ph: (EEG) recordiags.
Oatioads’ doteyod ronett of thh RAy ALditorr Verbal Learranh Tesk, tite Rey
Oomptex Figure. and thtWeonhle^o Mpmory S^c^l^’si lonicae Mpmory, A^nniedo
Lo^m»ig . ead Vkseet Reprndectina Hosds wes cnoirJ^oea widhi
hh>po(nrmpnt
vntemen. es wett es widh td^^’r modiaETL levels of the neuroae! merkor Nhne)ylhspa)rare es determiaod by proton moghaOc resonaeae spretrosenpin
imeging.
^dhnc^c^h rosuds oa the naorrimaginh mehpurea weo highly internnfrotedod,
dhoy wero non relarey to )hdpaPhnrs’ memmry acoreOl Mproover, vWie’eas
phtiyads widh lerCaharightTLEEG disturbanaos difforod na dhoir mo)hbntin ead
haadymlc meaeures ff mddiaHTL integrity, fyy did not differ c dhowproLperarhre poCLrmanya on dho exminod meesures l C vorbet aad nonvorbet
doteyed recatl. Fl^lU)^(^l^lTnry, vWe’eas nayroimahiag-baydd licoar disnrimiaha)
mndess woro abto to lateralize aatiente’ EEE distoerbece vwth )00% acnerhcy,
mndete t^^s^ea on memury
were co) much b^ed^er dhea bes’ redo
iafnrmatiLaaione (i.e. 27oele>us25cot^ect).
Those fiadiacs sehhed) dhh) Tw^rem theso anatomin acd metabotin imagicc
)oneaiqees aro esefttl ia toe pruoperhdivy iateraltzh)jLa of TLE, thoso widotyesod testa of vetotl aieC noyaerbbl momory aee nan. Nevet-tootoPS| tooso ecd
ntoor neuropsynhologlcal moaserss proMOe impotraet iatormation regarding dho
petioads' cnhcidivo abittties and shnetd bo includ’d ic aay toornehh t^ticinht
oehtea)inac)TLE.
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REGIONAL CEREBRAL BLOOD FLOW DURING REPEATED EXPOSURE TO
A
VIGILAJICE TASK
IN
ADOUTS WITH ATTENTION DOEICIT
HYPERACTIVITYDISORDER. J.B.SchweitzEr, T.FabeiiC.D. Kilts, J.Votaw , J.M.
Hoffman , and L.Tune*. Oapis. of FPychtuiry, Urology, Neurology, Emory PIET
Aaniar,ImnoryUnaversiiRt AtOunta, GA 30322.
There is incroaaing evidence shhtAtRtntionDefifit Hftypaaivity DOorOer(ADHD)
has a necaroOiorogic bbsis. EvhuvioraUy hiea symptoms icrr-aaa with r^^t^t^e
exposure to a task. UsSng the Pared AuUitooy SsriaS Adeitico TiaS (PASAE), sc
auditory vigifiiKre task, wa erxu^i^g^ (Chugga; in segioogr CeroVroS Bkxoi How (rCBF)
io 4 adiUl rign^eefaad rmdev wiih ADHH sci 5 rgoomtl right-thindee male controls.
SuFjrcto were sra^r^ oo two rocsrrutive daos w*^^tS 2 resting suite, 2 rociti-ol aci 2
PASAT ooediooos por ear's vrrh asooorattvd with [ieO]watvr admlmoiration; hi this
oogorng suey, ei(rVor^^l aok rvlutve mrrruiao ace drrrvrovs ic riAEF between the
groups emvrgvdi ADHDsubrrtOs showed sigmOidm artirations m tie primary visual
rortvx aed visual sooociutioa rorte:x euoicg the PASAT comnuored to tv reatool task
(E<0^1). OonreolsFbrtols hhowed rctivaoions in the rights parietal sae left inferior
froai^l regiorns diuOng PASAT (p»<.01) . CUggeesiIl A2BF ^^hn rcprattod tusk exposure,
were rssessed by sutFtacting irmtges acquired cm Day 1 derinc SaPAdAT from Dry
2. hi ADHD sublets hare were mcreaess a rAEF a the left, suuarioo temporal lobe
from Hay 1 to Do . 2 lp<.01)i hewevvo dare were rao sStgOfirsor darrasoro ic rCBF
from Huy ) to Dfy 2 Ip<.01). Aoctool subjvtro showee activations ic the inferior
froctul lobe, the superior parietal lo^^*^, sce the left gyrus rectus from Hry ) to Hay
2 (^.0)), Coniool ubbircs aSoo stoweed drors^ss rn tCBF fomn Dyy , to Day 2 ic
the l<r^t temporal lobe Mid ,10X1^61x 111^ Q^^^.O)). Thesa results suggest Oetr (hrfareot
Foam region, sce jerhafp h^e^5^i<^oisl sttategies, are tusd by ADHO sdueto to farfoom
vigllarre UsSs than
witheoi ADHH. Furtheraooae, ha Uck of ea^o^^^^ ic
rAEF sevc in ADHH ssub^irts wd, repartee PASAT exposove suggssSs a oustained
poo^r^^g VfragndttSrltis fimSaaeed with pracricr in oooirolsobjects.

SUPERIORTEMPORAL GYRUSINSCHIZOPHRENIA AND EPILEPSY.
M.A.EckeifTE.GautieiR1, R.Gilmorec. J.M, Kuldaud.D. Bowersc, T.FIvnnb, R.
Quisling6, & C.M. Leonard6. Depts. ofPsycholouy3, Neuroscience6,
Neurologyc,Pnychiatrud& t^^c^iok:>u^pie,UnrTc^f:Fr^, Gnigesville, UL 32610.
Bnthschinophneniaanb temporallobnepiiepsy rTLE)auhthought to arise
dromrempodallobudamage earlyin development. MRi studies have
demnnstratedrddudeddcperror)cmpnralgyoysrSTG)voiumeln
duhiLcpUrpnia, andreLaueP renSial remnorallndevnluntn ln e, llepsy. To
dntermideit euduced gelumoorpheSTG is soecificaoscnizophrenia, we
comparedtheleft a nbripytSTGofTLE pc)innts)1 0 lefttocuPi PhP and 6 F,
meanagei37.5yrui9 rigis focuo ,5Mand4 0, mean agL:U5.d yrs) with that
nrschidepLuenicpctidntn(d CMcnd3 Fi mepndge:36.2yrs). Volumetric
dnalyneswere performed ut 3dMRlmacen reformatted inColmrn coronal
perUions. TheSCG wau measured betweenSrumanterioraud Umm posterior
re)hpaoderiorndmmlssure(Uarta|etall19et). Tberewereno differences in
Chd STGvoInmeamoeu n nyof tPo ggu upt . Therewasnulunincant and
gttsitive rn latiotsPi p beUveenrigd fSTG c ice und l Q ie thenchizophrenia
^^nr^i^^p. Incr^r^tnrsUin^lfe/oftfocus epiIepsypa)ientSilQwaysignificantly
^^lj^t^n rettigsice pn)hs/e/rSTG be=9.61lpn.g5d Therewar iirelationship
etlQtntheLize ofdithe^dTGintheridCtfoddsgrouUl Differences in these
biann-neC avlor relarlnndhipumaybedaebn differeygesintdhriming and
locationobeariy nrain damage. Prenatcldumage inschizooUreniamay be
earlyeneueU toalioWl Yrmapulve gnoughUoaorsn, a sliftofcognitive function
totherignrhemisshere. (Supported in part by the VA Medical Research
Service and NS 93211).
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SPARHD FACE PROCESSING IN WILLIAMS SYNDROME: NEW
PERPPECTIVES ON BRAIN-BHHAVIOR LINKS IN A GENETICALLYEASED SYHBROME. M.Rosfen* W. rgves. & U, kelfori . Laboratory for
Cognhiee
k alkIr]utituts,LaJ'ollu,CA92037.
Wllllass oygdrome (^MSS) S, s genetic ssndrome d neusoOavvlo<aegial ar^r^^^ly
thst involves meatal ovtsreatioc but presents a rem-fOsUte Iustrs<rsitiog of impsioee
sae ii^ct^c^^ mfvio] caa<sitttr. MooS promingnity, lingutstir functioalgg is preservae
welleprob1fmrolgina abilkyandursuar Vastoigoggirion a^^imeaired.
Eood fare pooreosigg ability is a.eo chefaateririic oo WMS, providigg evleegre of

EBUI^Ie^^I^I^^I^RIORI^^KS: BRAIN MMORHOLOGICAL CILBBRL^^TES OF
LAEUUAGE, FACE, ANH AUDHTORY PRRCESSING IN WILLIAMS
SYNROOML Wifones.M.Rorfen. G. Hteokk, T, Eeoglgan) . & U. Bellugi.* Lsb
For Coggitive Neu^otivfnre, Tie Salk Ifotitute; Lu JoHa, CA 99037. tVeteoscs
Affalss MedrcalContefandUnof .of Confon iactSanDisgo, LaCA, ,9,CA., 92037.
Wkitams orfdrome (WMS) Ss s gegetlr disoreeo involvicig sc afommerrir profile
of aegtal reta^dstiof, with relative spuicg of language and fase prooesssng, extrema
lapailalen , ic spstist cogcition, sce hy<vracusis; sc abnormal secsitivky to ooufe.
Oistigctiveuattefosafbgnormai Uraifmoephglece mWMS fave elsoVrenreported.
We report evlaegce of relstiogoel<o berwref regiogal brsic volumes sge ssj^rifir
bvesviofa , sbilttles ic WMS, Uring rn vivo MRI data from 9 adolesregro with A^MS,
bourn region were deligasrae by sSereotartir <soretlation of rorlex into eii’etl roess
uoigg tt^i^o^e orthegogal piases. Froes, A strong rorreration was aosge b^warc
parfomtanae on kecton Faria, Racognitign and voterne of r^o^irirsal gra, matter ic
icferiof posterior menal cortex ((PMCG) goralaliaad by total supratentorial volume
(o=.89 , p^-OO!),
IPME G poeeomirgnl;y icrludef hipporampus , ppoSerioo
<rraelppocfmua] gynss and sonm relroopleeiar cortex. Noomarizea IPMCG also
rori-elated with two olher ta^Usssnvovvinc faceprooessSnc: WLmngton RBeognkiog

ssyameliy ic coggiiive fugrrioglgg withia visust^^ita^^ rogniiion , We report here oc
paofomranee o, WM, ado1sragnis on three paradigms igvolvine dsstinct soprrtis of
fare procaoolgg: Begiog Fire RBCoonkiof (Discoiaigation of uufamiliso faces);
Wa^lingtoe Recogniogn M-mory for Faces (iamedlote oeral , of usgamillro faces);
sce Moogar Pure CIasssficrtiof (Perception of fares from usgiosed contours). WMS
subjerts performed oinofitsfmly better thug sge- ace IQ-asteeea HNS conO•oSf oc all
thoae of tiers mfeaorer. Moooover, the WMS ssiuiects were inCrrtinguioesbta from
foraa, ceoogoiogiral age-matehed uubrerts on the Bentoc Faces taaS. Stroag,
oiggificgnt inte-rtask rooorlrations exit, among the fare poo^r^^^^k^g tasks , ic rogirsot,
co ssgalficam imer-task soooriations exss , b^wec, the free processing tasks sae
WISC-R IQ, or ivriwefe fare protesting and other visual-based protesting tasks osce
ss a nco-eares ciorlLise larO( KABC Gestalt Closure), oo tttweea fare poor^^si^g sc I
igalresof]gnusavcatliy toruchasfompreheofion offrammatioa-Sorms.
Eraif moi<eoiogy shows sc igtriguigg lick with face priOiesoigg in WMS (Joces,
Rossen , Hirkok , Jaogigsn; & Bellugi, Neuoosclenres Abriraris, thus issue), In vivo
MRI ests from nine WMS aSotesrams reveal a stsoo^ coore1atiog bbiweea
pvrfomranre on Bentoc Fares sce volume of gray mutter in inferior posterior meeial
rertex, gormaliaae by total sourotrnforisl volume (p=.89, p < ,001). Wafringiof
Recocniticn Mfmory oor Fares and MMoney Farr Classificatiof also renrelstv
strocgly with aoraslized IPMCG o'otfme.TVeserosuSts are ronsisrenl with estu from
<oooopagnoste s on brain lori ia<ortanl for fsra proressing sce provide caw estr
oalevam o thenuural Jortem sgaVerigingrpaciUs atoerts viftoavior.

757.1^9

PRINT EXPOSUR IN DYSLEXIC ADULTS: EVIDENCE FOR AN
INDEPENDENT PREDICTOR OF KNOWLEDGE. J ,G. Fov*. Etepartment of
Psyclwlogy, Lofolo Mpynvmnt Uniuersity, Los Logelt CA 9CA9.
The clieiny eau-ofprcltologfyl litetahae defines CyslevSa as ms impairpy
ability to reel and comprePenh written oe erintp woeds, but tlis dislhCeaS roly
of language t^scst in this dlcorfec hre isebe a maaer oC tf>nci<Wssdle atebale.
Dysleac chihdrei frciuucWy tiae sdffiiciltiee veth pPhnelooyiC pporescsng
(e.y., Pawe, 1993), but linguistic ddeicSt are; noo ^ieyv Scout in tdvSecias
(e.y., Aaroe, Oscw, &S iaCnT, 1985, Ci^^h^nt^ 1983). Staeoeich awd his
colleague fhae ehowe Wso I aripr expeapre umy m vn ui^^^ia^pt ^a«eotpr od
awnwlieay in ternm radae wiWi haeaang dyareyn e retread rempreapneion
ability te.g., Stt^ev^ch & CC^eieana rT931. Sitsa ceowioege dyess pies pn
ietetynl rote ie sail^ed roadie. Kiii^tsch, 1993), priet eaposLur ma tb an
imP>nroyt veaiaate to cowtrol whee stadvieg pDpulanolW with eadiey
im^rtmee. In ented to ^see^^iy tiese essees, Uesediv leants UU-2S i9ars)
who H jp-aaduad frem mh sKtsxh md ware emending milage were wetchm
by a^, gyedde ti W is ^Wsi ^ eCty^Sn• trite oisw ^ madees. LintLnttiu, ^^c^e
aed n^i^e ssaisj, uitllKUdil ptp>noef>ifyl awareaee ess pirat n;wxteap, wee
teste tn Ok ^s <^- tDvseeics did teo diffee ie phownioyixi dalis -from
eonm tneaal5. Ifeo^e^,
^ffeec^ eiggifiwsntla from o^meo t^aere
ie print s ^jp ^^. Multivesate ^st^is^ caa^as nesaed SiC prim e?r^oea
was a
^.cdic^if of keow^ic^i^^, lwaqpcWdC d t^^tii'e aSbiiy.
These aesiutn suggcs tlui prim e^aposue tmy ppiy' an importnH rote ie
c^^it^e ppnre^^ {us I dtM^d de cxnwU<ni td ^ts^^ of to'sk^vsc aucjeute.
SuppoieC dy v S.oyolo Mpymnt ^niueie^ FnvtFa unv^-eh Gram.
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Memon fto,Fares (r=.87, pc.Ol, sce Mooger Fare CI:r^^s^irst^o^n Test (r=.72, kc .071.
None of the ooher ssven corttrar re^it^i^^ sOer^e^ signiflracr correlations w^tth these
three ffee proores^^^ m«^^nu^s. Luniiune)e. A sicniflcaet cooTCratign wa, aouce
batwren <oo1(af <erfoarfnae on stscdwrdiaad ]angunve maosores and a measure oof
volume of icf-rior fooctsl caoeboum normalized by total supratentorial vvolume (r=.73,
pc.025) . Other regions dkl cot sSow signirirrgr correlations with knguage
pvofomtanre . H<pe^aciO)lsIVolv me ofHeecO^nous'us(Al) , coomaliaad by superior
temporal gyms volume, was 1X3-1101 c s separate
uusng 10x 01 WMS oubjacto.
Ac abcoomally lroga A, votume (relative to cooaiaSs sce iaatchee Dowc syndrome
oubjects) was observ-e. These appsrefO WMS brsig-b^ei^^orr re]ationf are cocslstect
with exlsitgg eviaegce oo locali2tation o, lsgguage; face , rfe auditory prore^^^^^g , ace
suggestthatscalyses inLM4fmayproeidscS uosto boa Cl•atobasesofbeOIavior.
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MATCHINGPURSUIT ONERPANALYSIS J.J. Allen, B.Shen,
J.G. Williams and J.B.Angevine* Dept. of Psychology,
University tl Aeisana,TosaiT, AZ85721
Obtaevengaverainl vvent-yelenedpotenyOels (ORPs)
requires mane ederttnepreairteCiont of styieCA ore the
uoe ot single eeryemethoet elerareheoiiservand ehus
imperfect. Feo vineSetrleg alOlIs,tradaeyeevlanalysis
tesPvlques (n.g.} Sorrier rnfOysieC ofttr lets eoexteact
evtorsirtion Asst seofysignole reriably.
Ve rveraging a
nrrie vosnber td eerrOsjtho iaenal-to-noSer edit of
temdceel patervo s velR? sms t de pnhance b, Irt tt the
deece otloevie Aeqouency tsesrraation. A vtrfntlydevelsded techniqui, elSpyingpnoilSe analyiSs, eeoersflrelble
nessmdssitivns td signal hdcvevtntslocieisya tnbotS dime
rvd teequence shrev^ (Marter nedZhang, 19JI)( We Sound
tPrt lPistecVyioedsould terctet toth tCAerdeaand frequevsfinformliCaTeromnofsn vinele trdsl oJTs.
Averagevg ro fewas egerenSERPc (asi ehetrtnehenins domain
drsvineddOliaAlS eemporat equevency peevost^sit^hat
csrreoponded se seerlasslc TA somponent tP SSeERP dn a
memcrf-asseosmvlS rask.
Rcmeacnoise o.o es^£^t^e^s^atic
eeletectsoS icos sunldbe reSletedby dymeoytubtracIing
eddrodriate ihmeteeqquency choJs.
Forus, Shectechnique
vst svryprovnenT emoretiCieatneand peoeSlstool for
everfiingaveriene lRPs,bTe oSsosuggesSed e sew
eddrcechto see
so vineSetrsag vtonts.

POSSIB LE FRONTAL LOBE CONTRIBUTION TO NEGATIVE

REPETITIONPRIMING S.Yamagata, S, Yamaguchi*and S. Kobavashi.
Dep . ofIntaanRlMedicinsUia,ahimaneMed.Ubiv., Izuma, 693, Japan.
Several iines of evidenne have shown that therenetitiba prtuiag effect is

sensitive to the diteciian of atceniian. On the other haad, oaereceat sSudy
confiueed an iaveese tefeteitian orient to words attCuunattendedlobariba.We

studied the positive andneeative repetition ptiuiaig effects on atteaded aad
uaattended wordn during a lesical dreisioa tarkandhemiapeusiecobetibutioas

oa thote effects usinatopogreahic anelysis ofevent-rdated evvked petcneials

(ERPs). SabSerts were askdd to focus their attentiba to a wwtd(vertically oriented

Kanj i lettess ) presentdd rn one visual field and igaon. the word ia the oofetsite
field during a tarrk of de^ttag a nobaWbtd in thh atreneed field. The field
atteaded was iaOi^^dd by aa arrow precue md word ccior. The idrntical wotd
appeared 869^^181^56 itiaees at the attended and unattended vvsual field

respect wely at randou . A posiiive ERP ddflection to resented wotds devitoped
when the srquealia 1 wordn were prerenSdd ia thh attemled locaribe. This
repejitinn orient wars gsaaSer over the posterior scarp sites coalraiaSoaal to the

attenddd field. Noa-attenddd tee^a^dd words generated a neaativv-gbing 5^01
bver the left ffontal scalp sites resardless of thu fidd ob wort presenearioe.

Lhesn results ruggert that the frontal lobe may conariaute to tlu active 1 naibitioe

bf iaepiicit wordpsocessingwuStinrhedeattunded channel.

758.3

758.4

FUNCTIONAL TOPOGRAPHY DURING PROCEDURAL
L^IARvH^IN^^G
STRDIDD
WITH
EVENT-BELATED
DESYNCHRONIZATION MAPTING (PRELIMINARY
FINDING) P, Zuuang. C, Toro. Z. Grafuan . P, Mmgmotri . L.
Leoamj. RS.i P Deiber. Z.WatSors*. RS . NaHett . Nationid Iastituet of
Nealih , NITDSS, Huum Motot CDnfrol Section, Midicta Neurotogy
Branch , BetitdsdR N48 208S2. USA.
To nxptose the role of the huuuaa motor cortex msodated wih the
deveteaeeent ff iupitcit md explicit knowledee, we studied evemrelated derenchrnnization IRRD) as an mdicato r bf legalized braia
activatian during a visual motor taak. EE^I^^^^g^^S were reeofded
from 3 right-Uanded ruajects as they tPseWiusdd a variation of the
serial reaction time task(SRRT). EBRD wtae cs^tltulat^d wlhun the
alpha (8-12 Hz) amd from EEG recordigg of 29 sedp loratioes
from -- tb 1 sen; aroma to thecorrect keseresser. Duriag the data
collection, all suajecis devetendd impUtit Satowiegge of USs ttsst
snquenee, whtuh was reflecled by dimiaisiting response time and
geneaatian of exxllitit knowtedge. EBRD maar reveaSeS loctrlzed
alpha power renattvity overlymg the coatralalerat sensorimotor hand
area. The area ofpoworreaetivity b^seme prooressively larges until
expHc/t Saowledge was reachrd, aftes whiti the power spectra
showed a dretlning pewer. 'Diesse elentcopheriotogical Addings are ia
support of our preeious respuls demonstratiag the ra^lii funntlona1
plasitcity of cortical motor emptor assnotatnd wtth proredura1
leanring md with transfer of ksawledge frou an impUrit to 61x ^111^11
rlal^.

EVENT-RELATEDPOTENT IAL(ERP) CORRELAT ES OF TARGET DETECTION:
EFFECTS OF TASK DIFFERENCES. I.Kiss * and A.W.Fazikas . Toupin
Psychophysiology Lab, Northnrn Alberta Regional Geriatric Program and
Tivisin to of Neuroocienne, Univ. orAlbahte,Edmoeron, Alberta.
Ton subjects completed two visual "oOdbsII" tasks innoivino identical
stimuli ; random length series of 3 to 9 individually presenned
Target
sets (3 digits or 3 itemi et't^a^^i^it nets) wete presented bLtwoon series in
tht detect condition . Eabj'eets whte askdd to selectively repyond No the 3
ditjat sets. In therteCece + comparersndition,subjebkc s eiectivdiy tesppnded
to 3 nnmber targets thcs trmSehed ttc iastt individuainumaLth preeented.
Errot ratxewetesimilaracross conditions.
ERPs elicited Ly target stimuli recordet from 4 midline scalp sites (Fz . Cz,
Pz, Oz) incluaed twe majsrposOive-goisg preSs {approximately 200 and
37t mscc latency) nt Loth conditious (Fig.l).Analyses of varisnen failed to
support mam effects of condition apon latenejes. The effect of condition on
ampittuk e just reschen significance! p = 0.049) rorre e aariier bet not the
later peak (P300) t This lack of ampliru0o and laSancy differences ot the
P300-Ute peat suggest t insensirivity to
,is'jre 1

consiOe^ablo Oitfetenoes tn taea tequirements.

P300 may refihet tec time deurre and effort
invoiedd t amotegenprhl ui'ttt:esaphteat proceed vbog in |s^t^^llnl wtth, Odt jndepeydedt o O, divergent
processeo in eistigcr taskt. Digital ERP
sabrrccrion tEeteceteCetect + compare)] revealed
ERP tsateteF (FigAs cssociaelewirh comparison
of worOinamhmcro costontsto externat stimuli.
c2

a

/
■5.OOuV
1000ms

200ms
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HEBBIEN INDUCTION OF AElITORY CTPTICAL RECEPTIVE HELD PIASTICITY: EFFECT
OF NnMBEEtOnTRIALSnPOOTIETLSTATE
EChaat^TharkXhaO^SOdtNhhmSLMgiWcrOLti0^trgMfEd Sgot.FOschktrCcoo, UOiceirw.CA
EkCkptisdfieel(RE(plasticity tc rOeckuitauditt|r hhyex(aLKi Et)rTstcretkCnNeX
foltooino(earsi^or{tVeinJrtrLkreJi al., 19)01(90,!). NNe areishkstgatiagireroctonacaNoneer;st
sachrPesttriC^cnStlvedcyhetoktOinHcnruStSittcalrLerSaxkaceCttrnimLlikateeprscS)lelyih
okhcorrak te.g., tEnlz tiF^Fr^gnt^c^,
J Neuroscii ^hi^ar et al, 1992, Sci). HOwever, a
p-ellmino^reeort eynralrrlrlblndoateS kltfsr lfhrtthtllsin ttr^<^^, a rSeHltiLnroeatlesnt
{^Ii^^J^s inssfyycntiaihduatRF|FtstStltr (t^oc 0^^i^ro>r0«^,1SMt3i. S)rrEeCcrtrseoC|Oe,ee
inv<»tigateeseveral )i^^t^rh tihaa secm to affcct the probabiiity oi observing RF plas(c(ity
folttoingorr"HCbLsrt"tates^at. Ohoseikc(udenumttaoJ|raiyrp|rrials ar■rScor•twrlhEGsttte.
Procedarc: Ol^i^cthan^ aro>sitokzzdGGiteasigS(firySasisgrtpostersttptic(pssrsyhi
Lad Ta cell tea isxlatedwifraKCI-fily:IjkxbtalisCk microaiscro. DutikgahrOO.ine |x^riro^, pgr
Lad ttimtli of differing fi^r^r^i^c^nc^w^re jp-eseniek, to scttsdta dir^^k^ktssts oi rresynaptic
syfchnts foo tth rekcrdeCcclll The response of thc
cell O 1^:1 eo aSmtIi wnrn
rkr>reeeitoh^i«tteirsyncgScsCengCc fC)xfc■HsbH'kn’,S'sa"menrw^kimestndi^wkktroeB
of aleAudsti(aali (CSe-) waspr(eewithekciC(tstymr^antgt to htttsyn ccli|Joenhaoc}gre
pre/pooXtyncovrdrrssg| gtecrharAuRstimulas(CS0w4Ssxredwithisihn(toryposyynxtt'rg^t
After tQtairings, t^t^ktt^i^t^Sc ^rrxr^tOs cxreJe-treJerc■likha. to) most ahilsarttttsoblhke ot60
ps(isgt wesimaootC, et Ost ttw cCek)ornthftotafeiaOon slxtrgityl EEGwas-dseretstXhdl
RcxultSiWtstlculatkO thereleleere!kttn!Olkryra kosOyncgUJo tfotwoAiO Ramah
(TEo)/(CS+)+(CE-)] for tach trial tn tach period. Tf^e SiatriOttihgx of those rotative scorns
wore comparedtetwenn tsnoOo(t-teskp<.O)). AO cclls ( cc22) weresignifiyrntly ctnOrohod
Ciring rhcJreaJawate. OnOr3/28(=^%)c4ttehadsionifi(o(ytrslatveiac^nagesrstJXeCS+cfte^r
t»IF5fteadsaatJCad(ocmcnraStoOashtL^. HcwtHoeOdde *^6 0111 tatretSh;te t/fe^r'c^^
2nC t^eatamniblock,etfr7/22(=32%)celln ehswiegs(gnificystrgiativs increocro fc^r Un CCc .
No cdllshadsigni(ycsiaadcndst. lnaSOiOos,ieepeoterOlito ofsihytican) cagctt w^gwatetr
S C^<j c ^i^Jc ^I EEG was racSdStoO" ^arict thc treatment: o^ny 2/33 c^^lls that lliorerwnct
thcSlmntCurirrsOEGstrgCronywern
dhiW Std tharicstetndnredgtnthnrdariga dEG
sctisdSooit .e.|geonncgronygr oexbetweeenngthrgcc ool Sgsydnsronyt ocr) eCecrsy. Odd)
yrcrcre recrmightaffeyrthehrtSahilito oCohyerLitk}RF rEasStrXifcHowirlgaHenarHntrestmenr
^^t^^^ing^^t^at^i
NIMH #MH10432-03, NIDCD#DC02346

THE P^LIOEE LONGl LATENCYCOMBONENT IN2TATS:IS IT
2 HIPPTCCRMPALEHETAWAVE? J. Brsatrack*and T. Ssldeaincher, Inst, of Phyiioiogyll, HeinNcn-He-Ie-UnivvstijyI Dussetldorf
md ^^tirut of Nra^obrotRagl Megdebarg, Germany
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LonglicSeccy r^r^^ba^^t^ts

of sven--seicSe^

e°tentiais

(P3

bt

P300)

cb^•elaSe v^iht ths ability bf suajst^^ tb detect <aid plercse uuesxecttsi, novel

bt ttask relevant enems. P3-like ebueonenp were tsct)rdeet ia the n^tt^i^sx
md hippoerueue of rats perforuing an aarrtory dlecrimmrtirn tiask, similar
tb the

p^^r^ljra aue^ mhumunsycheureuiojrgrcei exxesimenti. Ia

anreslUstizse rate s^rOats md dqith ellsc^odss wsts iuelrntsd at several

nnreo^jira1 i^^rjr^^ a^d the hiplx)rtrapur. After ^^617 frou surgery rats

were lta^^^ lb discriumals twb auditory siguls, a fr^^uent ierelsvml torn
(Tl) and a tats torn (L7) related tb watst reward. fit rssronse to L1 bul aot

TI , P3-likeramponeptswith a mam acn^t^t^y of 274 us (trngs: 244 to 3^.5)
md a mesaa aa^f^llit^c^^ ob 67 pW

24 to 155) wwse ronorded frau the

surfaee o 0 the neotetttsx. TSe lagged ru^pjin^^es west b^i^i^d m lUs m^tt^l^ijrr
erot of m-eer 0c2MM silurtsd aia^^vs thu hipeoreraaal CA- regim.
Powerrpcciaa of difneseeses bevwsnn sesponses to l 2 and Tl revealed psaSs

ia the thuSa rmge (4-15 Hi ) mutinui at area Oc TMMm

TUs &uplituds

jnetsrpse wiht depth to a maxiuuu of 29) /xV rn stratum oo -i^i^ of the CA-.

2 polarity rsv^sir^<l1 occur! at the ppyaruid^ cdl laaes (--^^ /xX^^i. The
largest aegative auplttode wan Oomd m stratum raa^^tcm t-304 /xV-.

It it

suggested that ths P0-liSs touponent rn arte eortgrponds to a theta wavs out
of a burst ot hippertaup;a tlcuSa ccyieg. ■ Then work win ^11001! ay Ihs
DgutecUeForfurnrgsgemeieuthaftgrana 2)1259/1-1.
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NeOO-LIKOEVOKOEDPOTENTLHLS ILCTHE MACAQUEHIPPOCAMPUS

JO’NeiH^E.EHalgren^.K. Marinkovic3*LJ Fitten2AandKMPenymanM
’VAWestLA &2VASepntvain MeAlcaICenters,Los Angeles,CA
3BaainRes&archenstitute,4Dept. oePh'thiaEA.UCLASchcalofMedicine
5ITSERMCJF9r-lA,CHUPontchailloe,Rennte,France
Several animal modek 0CP10OOOO existtbutncn-humancatserahes of
cognitiveEPsofthTNOOO-familaPavenpnivan raapeattentipn.Worocorded
lntaafaanialvEOPsSaien-tnialskullwraphP'seferhace^sosn ^^Oirrc^tai^ie probes
impiantvO inanotultffalple^X)nnftmonkey (M. radiataC- yeatsst^^^
her tn distinguish gemlttarfremutMamaliar humaneaaas. MatfPnemtPlnents
hanMaright hipn<XMmpaleontact(contdinrtr- Air.l,Rll,Da7:aSlasnf Szabo
A CowanyerifiedbaMiUSwere: li^c^iiat^i^r^t^l2±2.n mtt0i026(,N156(12.9),
C194f5.3),N660(14.0).Herfamntitudes thV)ofthatwolarfpst cnmpnnents in
the intsriorhippoafrpnusv.l■.vnluet at immgeiatelysuporierrnp iaferlsr sites:
Cnntacl
sujpstflcial 0225)
interior
(D27)

dssp

(D29)

T19t

10.8 p<0.05
-110.6±74.9
+ 08.7+15.3 p<0.05
+ 90.7 7)

T266

- 22.3±lt.4

-1)5.5+14.4

- 03.7 + 24.6

p<0.05
p<0.25

TCe invarr:enoftheNt94onntPest7ep fgllggegeaPie7iaofraftPcoIelponents
suggse. tCattCe twnosegenteetedigcaliy inthehiptMcnmpcs.Thus fnrae focal
negttrvlrierofnurinthfmonkeyhippMPmpnslp reeps7nreSothf name stimuli
and in ^^e^e^e taokChateaoketgsgafocalN710andN43ecomppne nisin the
hnean nipino;ampps.While precirafempnecat hompinfleswi^sosuiee fiuther
wa^kwithoddltienaltosktand in othetspOjectf:monkey-comIXlPents appear
geeerally t7betarite^thanineumans.
SnppntesddyVAMeritRefitwaaSESPH0NS 18741.

NEURONAL TCTIKITIEaiN MEDIACPREMOLCO AREA OF
MCTKEYEUTINGLTARNINGOESEQUENnTaLMOVEMENTS.
K. Mitechita.O. Otegogka*.X. S2aS.Mi7aehi. Den-of Physiology,
.Jutliendo Univ.Sch . fA Med,Ookyo,1 tampan
Tn ievestiaate whertannhfvnlhfMatnoay fpstseue7tia]moeemenic might
be reptpseeten in lCs drain, we ftaine7etapanese tneaPey tephaaergi a
Siesneetiti dnllnnpress aask , -Of 5taoki'.0nprersing nfsinekey, Poo if 16
(4 0 t)LEDnuttnes
‘set's werni^u^pnetedsimeltnneouniy. The
monOey CaO lapresteeM inapsedelarmil■lortorItefwhicC7c Oed fofi ndout
by tritl-aod-eaaor. A toad f 2 5st^ts iy^^te^s'seftteaspseeentoi i nadnaOorder
fnt fnMpiertenhtatrial.A hepersftwasseppotePaiablohkof oxeeeiment
untii 20 snffessfni lritlswese porfo^nod.Tee mopkeoexipereoc<6l965 newly
geeeatleO Cypptsets. SCtttt-leoMann sesuence-seifctieelete■niggoccoeredby
repeating a pattio stareewhepotsetUurigg d Moek e0exrfpmeot. i4 S^j^^t sets
wsre gssigeeOto ‘itonIodypee^setr’wOieCnedPeeeleeenatdaiiasolhct ihe
imim! foninietft'oMniPenfwilhfewaorors.
We^ec0^dndspieeoctivities oft 54sipgleoaeroesin Mpmedipl premotor
feu as the ManOey ftasiPtraormigg 'lonsned’ or‘newihes>err6ts.68 cells
(te%lshowoddiSOerentilgactiviPestflweenleeoicyhyeersgeanP new

hypettelt. LmongiPem,0 lceelsshowep’eaenlnpdepeedfctege7feswithin a
blnoO oi ^:^poi^i^^ntnurigfCirCehihefnonkoysepea tads ncwhyse rsel.( l) 30
ceiit ieitiallydidaoinafwtaokIrg‘etegactivitiei,bgi asteam i pg^s^^^ed,
activitiet tppeta•sOtCatwese satelodtoaend movfmeett ofparticular
transitines nt fombinaiteesofssl^uence s. l 1) H C7lttshowedrtrgngarti7ities
fna eewCyperset7whiehPotfmfltneaeraetoeIninn topkpiacc. Th^na^i^^ges
nf gfllnationpalleIOOccuor^nl aargfnhefwsst]ueneeregeatedly.TheaeteseIts
suggest tngl Mpdia]premotaraegagarticipetesleshort-term ondionetterm
legoeieg0esequengai movements.
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REWARD-DEPENDENTACTMTY OF "DIFFERENTIAL DELAY
NEURON S" INTHETDIMATEPRTFRONTAL CORTEX.
M. Watanabe?*, M. Odaqiri, K. Hikosaka, D. Kodama, and S.
Shirakawa. Dept, Psychol-. Tokyo Metropol , Inst, for Neurosci.,
Musashidai2-6,FucFu,Tokyo 1T3JAPAN
In the ddlaaed reeponse task (ERR), "Differential Delay
Neurons11 (DDN) are oSservdd in the primate prefrontal cortex
(DFC), which show differential activity between right and left trials
during the delay period. DSey are considrredto lee related to the
spatial working memory. In the last year's meeting, we reported
reward-deseneent de^Ty-rdisted activity in the PFR neurons.
Herewe report She cctMtyot DONinvaris asrewarddituations.
DSree monkey, were trained on the DR using several kinds of
food and liquid reward (usually using the same reward for a block
of 30 - 50 trials). On the 'Indirect method situation' position of
a red Ilght, and on ttie ' Direct meehcd situation' position of reward
itself (food rewardoniy) ,indidaredtsc rceresiside.
Many DDN were found to behave in different ways between
Direct and Indirect and/or between food and liquid reward and/or
among diOerent food (eo liqqidd reward situa^is, showing
different patterns of spatial specificity during the delay period.
Among them there were such DDN which showed the spatial
either on Direct or on Indirect method situation, or
either on iiquidorn ffodr reward shunHon.
Dhe resuKs indicate that DDN could be involved in retaining the
difference of reward situation during toe d^e^^ period besides
being related to retainnng spatial information and that the single
DFC neuro, coulF be invoived ot retaining more than one kind of
information atthe aam e time.

DISSOCIATION OF
MOVEMENT RELATED NEURONAL
ACTIVITY IN POSTERIOR CINGULATE CORTEX IN
DELAYED
MONKEYS PERFORMING OCULOMOTOR TAND
RESPONSE TASKS. S. Carlson*, P. Goldman-F^c^k^ic^.
Sect. Neurobiol., Sch. of Med., Yale Univ..
Single neurons in the posterior cingulate
cortex (pCC) exhibit nonspecific delay period
activity in monkeys doing oculomotor delayed
response task (Carlson et al. 1993). In the
present study we recorded single neuronal
activity in the posterior cingulate cortex in
monkeys performing both oculomotor and manual
delayed response tasks (ODR and MDR resp.). The
aim was to determine whether single neurons show
task related activity also in the MDR task and
whether the same or different neurons are
engaged in the oculomotor and skeletomotor
movements.
As i n the ODR task delay period
activity was recorded also during the MDDR task,,
and was not spatially tuned. The pCC neurons
were "omnidirectional", i.e. active in the delay
for all taaet dirrecionn.
Movement related
neurons fired etoate ddriin eyee or
hand
movements in pCC and weer
broadly tuned. The
results indicate that neurons in pCC are
nonspecific with respect to spatial mnemonic
information; rather, their activity is related
to preparation and execution of movements.
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FET^CTTCC^r^AL ORGTNLTATION OF TEE ANTTGlOR CINdE-ATE
CORTEX IN MONTEYS. T.Onoet Y.Yamfmete. H. NiTieC]*. T.Uwann.
and T.Yfmasfima Dep7. Phyrtol ., aae. Med. , Toyama Med . A
Oha-moceu. Unie., noy-ma 930-01, Dspt. Ncurosnagl, Fac, Med.,
Kanaatwa Un ie.i faikawc 9OO, Japan.
It hnabeen nuggested that the snterioa eingniate (AC) conteo
is
innolnsd nnt oaiy in leasninn, but alao in beheeto^al
Mgnieestation. In toe ’resent study, singte mron activkn was
aeco^pod aaem tCs menney ALA during opneent behavior bassd
nn dissriminattnn ol rewftdingl awtsive, and neto-aa objects.
Of 300 neuronn roeornen from the AC, 63 resppnded in one ot
-ose phasee h f tCs task. Of these 66, 23 respondop to viiuai
stimul i (diffesentlai.ing, 19; nnpdiffesentleting, 7). Thsse 19
’cspoos . d to ^owganing
(5) , aveasivn (6,, or rewftdtng and
averins e but nnt to neutrat oPieols (IB). Respnnses of 5 neunons
‘Cat rasponned to aversive onjects wwso readtiy sunpeossed by
associating to e ansrsis e oeSoct s wiitii reward (aevo^sa0. Of 12
neuroes eege reanondeg meleiy in Pto isif press phase, 5
difeerentiared bar psrrsigg to anom rCnck from bat peosstog tn
nbtain reward, Rerpnnres of 4 neurona were nntielpaioay, wtth
gradualty ir^^te^^ing activity fetweet the start tone md a
visual stimuins(obteete. Tycso were topopeaghic distribdtlons
o 7 thCse
reappneive neuroer inthe AC;differential visionaetasod, dtffesentiel dar pressrreiatedl aan nondifferentigl bat
^^es-^^liglr^t^d nonrons were loeeted from the annetior ip
posterior parrion o f toC AC.respsetioeiyi TCs reston sungest
tCal senrnty infoMtetinn is processod and transfoMlon tn motnt
oommedh Mom ths antpetorto ine poaierihe prrtions of the AC.

PARIETAL UNHT RESPONLS S IN A C ROSS-MOACLiVISUO-HELTIA)
DELAY TAEK. P/one-DiZhouaIid {naquin Ale Fustea’t Depgateeent nf
PsyChis-Ty ndd Baaei Rersarch Institute, GALA Sohool nf Medicme, Lps
Anseles,CA9(t124.
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The enrpose o 1 this roscaafh irtoexploae iheseaetivity ofsoraetoapnsoay
foelital cell s to vimae stimui i and tCsir rois in tlm mfemonlf retention of
‘Cose stiM^ui i fnt a prpspeetivp hCptio chCnGe. Mpnkeys ^t^se laainod tn
pertafm a virno-heptic tirok wCh a foto^d dplgy belween a visuai stimnlsr
and a tagtile cOeacp agprpprtale to it.
LaCh ‘’ia 1 cpnsieted ff tCs
foHwwing: ill rIfcClUtaual icon-li.e., Wonk and wh■ilte ealteen ol wrtical nt
horiaogtal ‘tripes; (2) siaiayof )C^-^0 sec; (3, clteo signaltingaccerribilily
oi two pataUd rods, ons whC horizontal and
othea wttC vertioal

ridses on tCs sl]saafp; (tri tactile comparinGn of toe twn rodr; (2i choioe
(pull) of ro7 wito ridges to the same Otsoctinn ps ton stripes nff the iron.
Coaseet ohoiee was rewaaOed with liquiOreintoaoPfreni. onon and raIatinp
tod et>sition wosc ohanpnd at random from trial totrtaL Units in cortioal
at^s^^ti S)sheafpO excilttoyy ’cspouscs
to toe icon toitiattog tos tital.
i^tt^ioyy nff tos rc^^^nr^t^cr was adnul lOOnM: Insomeuniis i"memoay cells"),
toe excilttoyy aprpopre peritsted during toe dCan (aetention p^i^^od) to tos
foMn nfspslatoeneievgted firing. ^Ms^e cells reacted difSerentiallyto tos
icons, ini, More Io siripvs ioon<sdtreolion toan totheotoer,anddtrectipndifrerential fining conntoued during the sndsequmt memaiy e^rtol7. nn ^pms
instences, toe etSiSoared vinna! disectignylitp ofa cell was refiected dy
oompadable pseaosred directignylityto touCh. Chese findings suggest tCat
somatoeens0ry units are atoessij)ie to visuan tofoemetton bedavionaliy

gssoctated wCth taciiSe totofmrtion. Fhstoer,toe results niggest toat SI
neuannftnrdbepaai ittcr0fa-mofaianemofpnetworks.
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INinBITION OF LOCUS COERLLLLS NEURONS BY
SPONTANEOUS AND
INDUCED FRONTAL
CORTEX
ACTIVITY D.A. IA Hsstn*E A, Herve-Minv ielle. P. Robinson and
S.J. Sara. Invtitute des Neuroncievces, Univ Paris VI, Paris, 75005,
France and ’Dept. Zoology, Unlv. ONlahoma, Norman, OK, USA
Givvn the nveromoeulatory action of nvnepinephrlrn throughout the
forebrain, identification iff central structures influencing locus
coeuilucs (LC) activrty can have important implicativcs foi our
uvdersranding of the role of tUis syrtem in manv ispectu ofi nfonmatov
processing rCecsntevidesce Sas tOown taat a small ppgutatigd of
veuroni iv the madial preceviral region nf frnvtal cortex (FC) o f the rat
cav be antidromicnlly driven by LC stimalation; suupressinv of activity
in these ceUs mults in anenhancemant ot tome LC activity (Sara &
Herve-Minvie 1 le, PNAS, i n press). The presnut study further examined
the influevee of FC activity on LCieveonsi n Vetammescnesthstized
rats. Phas^ CC uvit respovsss to FO activity wore exam med using twn
methoCs. 1) Sspntanenosly accTic, mattiplx stogle-umts were recarded
timuirannour ly erom FC and LC.Crost-co^•elatiov annlyrts examinmg
CC uvit
as a fimntion ot FO unit activity, frexue]ntly showed a
iravsient suppressim iff LC firing 25550 mi after thc FC umlt discCsrgx.
2) Patterned eiectrinal stimulation of the FC produced a trenntevU
topresslvn of LC activity, oficn follnwdd by enhanced discharge at
sti^lutuI .0x 61 . Stirouiation ofth e FC outside of toe 17^^31 precentral
reginn producdd no, or much less, suppress^. Together these data
show, iv aneitind to the previonrty demonstrated tonic influence, a
pTnsic influeccaoC aoircumseribed tooion of FC on LC activity.

The eiaed of a ’-THC on nnxnonal activity in the frontal coctioal-basal
ganglia system during a eelaced match to sample talk in er^^tSl J-Y. Chang*,
M.G. Laubach. P.B. KirMov and D.J. Woodward, Department of ehysiology and
eharmacology, Bowman Gray Schoot of Medicine, Wake Forest University.
Winston-Salem, NC27127.
Errihuana is cnrrcdilr one of she most prevrlsnt tnetirdcct of reu^c. Its avers^s
cl^ta ivclude r disruption of moloric anv Iaoeitive abilltics. Cannabidoie recsrioit
rrc dedtclr ^10X1101^ iv ihc frovinl cortical md basal ganglia of rris, suggettide
iSri tehavtort that ire
on lhscatiicalc-halamic system should be sensitive
io the ericais of ths ccntldninoids. The present stuud Ixaioyed ensemble recore-de
io e^rmisc the effects of A‘9-to^lt^a^lt^<^i^^nnnreido^l (a '9-THC) on neuronal aeit-^'-iist
is meetrl fronirl cortex (mPFC) , ^trrtu^m (STR) deS substantia nigra pnrt retictlrta
(SNr) e^^t^is^g pcrfomiance of n de1ayee-mnicS-to-samp1eitakk. RaSs were -dtientiee
io prett a right or ,eCi s^ppe lever and too thsn execute nose-pokc retpostct r delay
period (~15 seconds) . Th, fttu t nore p^r^l^e aild i^tie delay pcrlodl resuiled in ihc
pretcstetion of both levers . Pressing the ^r^m^e 1^^^ as in ttc sample phase retnlice
in a rewardi wterens prets-ne the Icier opposite to that pretcntee in ite sample
pSisc retnltce in a tima-out ppritoi. Single neuron and ecsemble activities were
analyzed by ntine peri-event Sittnerrms, jo^vt pcri-cvenl time Sistograats cnd
clrttificatidI irees (CARTy Alte^ationsiI spike activity retoaiated wiih h^l^^^iotrl
Cients in the samppei delay, and march ppi^r^^ wore o0servee in mPFC, SER, rnd
SNr A'--TCCat dord oaf 05>-15l mg/kg (i.p.) increased the occurrence oe errors in

thc tdk in ppcr^llel with alterations in neui-onal activity enrise the sample, dclcy cvd
match phases. The data
thsl tiitfrootal Iorticclcbasal gangltostc tyttem is
part of neuronal circuitry tisrrugh which the cannsbinoies may influents attentionrl
rse
mem^r^y
process.
Supported by
DP2338
W.W.W
hiip'VbbygOxJ't^^mm^'Vwediv.
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INV'OLAEME NT
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(OF

OC

GABAARGI C

IN

OSCIALNTJONS

NETWORKS

FREQAENCY

FIRING,

OSCILLATION.

PROJECTIONS
CLLTERAD

BICUCLCCINE

IN

CORNICAL
EFFECTS

K.Kobava shQl*. K. UmezawaD. Ek

K.MorsmotoP. M.KawaharaP. E, Maeda2>. A.Kawana2), Y, Kuroda1)
PDepaotmeutcEMclerelta• nC CanNlm NeutnTiologn.Tokyo MetIncoiiltX) Institute

for Noercssience, Csthu-s hi, To kydST,

BlNTR Bneis Rcteoish Oettitute, Atsugi,

Knnrgnwa,Jrp^dl.
Srnchronous otclllutinn o f neuronal activates haI been tneeestte to be important

for sus^ning f.^vg to reinforce activ-iy-ecrc:nden, cSrnges of tynnpiic plntiiciiy in
memory circuits (^uitd^a ct aa Soc.Nxttotc).ACst^. 20, 851, 1994). Wc Sivs foone
o Si I

dissociated rat corneal neurons 3^1 networks with high scnsntic convergence in

ctlirrx and thal lhsnetwotes Slre ippoianncotty in icrdCsenout orei-lation (Kuroda et
al. Netrott-.Le).,135, 255,1992,) . The xaitixnce of GABAerg,c nretnc s 11x 1 synapses

iv tot cuUutewosinvetiigalrdbyimHanosyittrCsmittre. AAler 10x 3100! agproximctc

10-15% of neurons were staineC with Iothanli-GGAA antibody and withAstiiGAN
rniieody. Ehx proportion o, GABAnc icneutOIsin iCe ptimery cuHure s iSrt very

timtlrr io thal ot ratviiual c otlexi n v wo.

Anii-GAD alto stained mrny small dnis

^0^ neurons anV thsir denVeter. Whsc deu01er-tuining wito aaii--cnnpiolagmtn

rniieney was crn-ied out, many small dots of synapiotremtn staining were rlso stained
by GAN antibody, indianting exittcnce of abandon GGBAergic txrminrlt. Since

inTibiiory posSsynaptic ^0X600 are also found iv some dcnrodt iv the neiwork
(Robinron et rl. J. NRct<0)hysiol. 70, 1606,1993), the erfects of a GABA a^agn^t

ov the scntiTonont osciIlrtion of borstinet wsrs oetxrvxe ntine fura^ mnlti-tiie Cr
flnoeometry . Application o f bicucullice decracred thc locqucnty of syncSronont

THAiGABABRECEPTOR,INPUT SELECTICE PRESYNAPTIC
INHIBmON AHDTPEEAIPAENONTA'^ONOF FAMILIARITY
A.C -Tangi'anA M.EiHoNeimoCdipa^tmestofPrvehologvand Program
iv Neuroscldnccs,Htnee)LUxtcersiIy,CarenriEgeMA02138.
Recem pTysiolggical utudies in brain tltcc peepgratioie of the pirifotH
cortex (Timg rv^d HgttelmOl Braun Res. 659, 55-81r eemonutgute S'ra) ihc
tuppeecsion of synaptic trerdmisstod (presynaptic itdtiettionr elicited by
gcttvl^tK^n of GABAB l^t^^iiroes is selective for 6X0,01000, synapses 1x 1006X1
pyramidal ccUs , but sot foe afferent input tor ths cortex. We Tai^e neee
computational modds oaf cortical functidn to study how ttss differential
tdfluence on cffetem ve^us in1oire-tc inputs io pridcipa) neurons plr^t^s c rolc
in the j j ^^^i ^i^^i^^ of )hsnvovttu orfamilincety of stimuti- The model codtcidee
coupled pcirt of excitatory and ir^t^i-^oey neurons, with fuH 000111x 0^10,
among tTc excitatory neuross. We 0oncxed os toe 0011^x ^1 retposcxs of
ideividual neurons , sSowms itoat ihe IPlrcsived acmflierity o f a pciiem of
naferem input ars be represented by a qutcstity S -- the first derivciivc of USe
eecone inflection point of ths ne^utnslret^rs^ioneprofile. Activity dependcst
pretydrptic inhibition was aoucinl lor an td^t^j^l^ii repre5e;ntatiod of I:pceacvxe
acmlllerity is this madeL Modeling allowed mcdipuiatidn of nstwoek
pcrameietc cofesspnnding oo the presjrtaptic GABAB cecppror denetty mid UTe
concentration of exogenous GABAB agsmst bCalOofen, utdd cl^ntcllyy to oecct
tpreoiaity). Retuls show iTct either deere<gtce GABAB reaeproI cgntrmeaoins on ths presynsgpc reIroinsgSt ortnnsctegctexogexdnt GGBAB agonist
andcenenitionl reeutcs IPteteived acmiiiaritI oiiSltn tTc model. Thiex rstolOe

net codtieOcnO wioT the effect of chronic bactolcs cdHiniseratldn on ect
ecTcvior is cs todor habituation tuck (Trnsg mid Hagte:tmo, Behav. Brain Res.
is press), the loss of recognition memory cs a restOt of bentolcs ovceeoeel csd
UTe loes oIGBAABreceptoreSnAlz^xtimprinputienS.
SupporledyvONRN00013-93-l-rne andNlMHR22MH52732-01.

otcillationr tueeesiiea a sontribotiofoSGABAntplc topsitotOokIlworkactivity.
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Basolateral amygdaloid neuron responses In rats performing a spatial
maze tiaSk. W.E. Pratt* & S. J. Y. Mizumori. Dept. Psyclo>l.,UnV/eis5ty of Utah,

Salt Lake City, UT 84112
Much research invotviing tire nuclees ^xcimbens (NA) has suggestddlhat t
is a crucial site for tie nrmcdilatioo ofrewardann spatial leaminn. Previously,
we have reported
ofcells withrawardar■uJspntial correlates wrthin
the NA (Lavoie & Mizumori, 1994). The pathway from the basolateral nuclei of
the amygdala (BLA| to the NA may be important in the conduction of reward
information. The present study investigated i^f^i^^^ion encodirgt wthin the
BLA which could then passtoNAneurans.
Single unrts in the BLA were recorded whiie animals performed a spatial
memory task on an eigth ami tanial maaz. Four arms consistertfly had low
reward (1 drop ctocolate miik) and four conslsteutiy had high reward (5 drops
chocolate milk). tortial results (n= 43 cells, 1 rat 2 passes n each of 2
hemispheres) indicate a variety oCbebeniocaicocretatebl 14% of calls displayed
location specificity. 30% showed an increase in firing rate of at least 20%
(ranga:22-77%)whentrnveliug outbound from the crmar of the maze relative to
travelling itnx>und, and 14% ircrreared inbound rotative to the outbound rate
(24-62% increase). 9%ot cells deareaaddtireit rate 50% at the end of arms,
with a cocraas«ou:lifu lnuraene orcu rrmxvme^u dabhmed. Three cells showed
possible reward cxrrataSes; ouw fired only at the end of arms during trials, and
toe other two sahhrshho^eea 550% Increase or decrease which did not appear
movement
Thwsb data, while not proviiu^ or disprovitu| a rota for the BLA in rewardrelated processes, su^g^^^t that the amygdala may encode more spatiallyrelatsaJtocrTCoC ItUocaatStctohnwon o^aekixslylnagintt]. These data illustrate
for the firet tinm thh Shreroggaucs nature oO intonnation coded in the BLA
during performance of this- spatial task. Consistent with lesion studies on
<ccudrtticn«jpl^aur prefererncrtth^L^r^^ code reward nss<XiiatxnswShiu the
spatial (context in wehiC learniugo<ocJrSl[SupporteW bbAGO0299 aito BNS
9120784]

Society

1929

for

Neuroscience , Volume 21 ,

1995

SPAHALREPRESETTAStOND OS DOAUALCNUDATE NEURONS OF
FR^I^EL-^-E^E^I^^l^l^lNARATS. S.J. Y.Mizumori* &B■X■CoDaes. Dept.
Psycho., University of Utah, Sat
12
Cxparienca-depandent visuospatialnavigstcrn rrxu■iiresrxstonly
coutiuunl update and mxdificntiou of representations of our sensory
surround nsanimalsao>ve throughtheirenvironment, but alsocontinual
refinemel^tofrMCveraeutpaSems. With respect to the latterprroess,
ventral strii^^^l n^t^r^r^r^^ show dynamic s4:tatialardrrewardprofarrtiesthnt
may ba usrdltodirect navigational bwhavior(Davoie&Mizurxari|1994. i
This study extends our striatal nnalysisbyasrhsuinstoccniatributiunoftae
caudate nuclauhto control of unvigntixual behaviors.
Rnts(9-42MXodi)[W!0orawdmuSiple ^^^ti^l maao>rytrtals ouai^r^^ial
mnYel 192 neurons were recorded in dorsc:--rostralcaudarenucleus■ot 7
rats. ConsisrnsrwithWiener (1993)|avatietyofspattal(o)rretataswera
observed. Stome sattial cellsrn=8)hXowed rlnardirecC^uaally-sacoific,
spatinlly-locnlizwi fii^iiu^. Another type of spatial coding was hhowsby 1
call which 1x 1^064 0106110100^^60110031 h^t^c^iin) propertes: rtfireawehr
the animal's hirnd wasotientrd inapreferrad diracticu in space,
regardlassof the animal's locaton. Suhhdirectiunaifiting ooald be
mniutaiuad in theabsanca of visualuuesorvoluntabmovemen.i Mother
ublls alsostxweddirbctx^allb-specifiufiriug, but thefiirru}rxu:urred
relativerorhemazeru)nfiguration. Additional spatial ublls selbuSivblb fir^d
whan auimalsmade tg)htald:iXrr l^ft turns (u =12); 3 of these disptabbdtum
correlates only when animals cccuJpiedceSaiu l<>uatxnSl e0sS|roudate
spatial messagesarecobed whhis multiple reference fraawts. Alsojaswe
data are consistent with priMate studies which showthat uaudatrnaurons
coda uontbxtoally-dbpeudent, nonmotor inforraationrelevanttospatiallyguided Warned bbhaviorSl[SUl|scoSedbyAG92999undBNS2128484]
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Intra-amygdala infusion of APV blocks auditory evoked potentials in

THE AMYGDALA IS NEESPSARY FOR THEENmALACQCIBITION
EBT NOO FOR RAEWATNENNE OF DISCASCINATIVE AVVIDANCE
EEHAVORRIN IAEBBS9S.A. Porembaa^nd M. Gbbriel. Dppt. of Piyd. and
Beckman tkstiSuSe,StntVi ofStlkSoiS|Urt>anaiIL91801.
Eil^^^^^^l elvotrolYtic dmygdara lesions block a^c^i^i^.s^tion oo diecriminetive
avoidants conditionmg wneremrabbitslearnto step io a laa’ge aativity wheel
upon hearing a fooVfhocY-predrptive tnre renditional stouulus ICSt-, t or I
YHzt and fo ignore a different tone (CS,, 1 or 8 kHz), nd predictive of shrek
(Pore/naa and G^a^iriielst, Sec). Neurocd. Abftet. 17-755, 1991). Here we asked
r the circuit necessary for the it^i^iidl acquisition of tPc adaiCance
beCaviar is also ins•oived in momtpanlng p(rfoamdnce of t^e ww^e^l^^a^r^^^
betaviori Rabbits (ns=a given bilateralintsp-amoydalvid microiojectinit (.5 /J)
of the GABA. agonisS. muscimoI (1 ^^olS , sCowed no sigei o^ teemings e-tt^^^
in termi o^ ditkrimtndtion b^^^sn CS+ and CSt or io termi of respond
incidence reratire to a prelimmary
w Chc . the CSs dne the
footshokk were expUritiy unpaired (p<.N2)t Rdebfit giv^e saarne (vahide)
mtnromjretO)ng did <1^^ deicnamnation (p«02)i Nn -L aH rabbUsindlll were
trained to arkmptotin p(eabrmanco
received 3 additional training sessioni
(overtratnoigt. Aftr r PCIs tpaanings mysriraol micnoinjenfions tt^^^ signnicantty
reduced perfo^nnnce rdftive to saline microiojretiont (p<.05)t RioaUyt ttr
rabbiHi n^i^’vd an additional siven days of traming (n=4) or sewn dayi of reit
(n=5lt ^^l^^wid byy a i^uj^cm^^l and a sdltnr srssion. In content to the ffndingi
dfteg ftr^e dayi of ow-trainingt no signiOcant reduction of aaaidannr
aespvndiog wai foumd ITitve rerkitt tkugnrS tPaa tfc omogddld is nsveriary for
fte ii^^fi^l acquisition of thc diecriminnrtve avoiddnne behavior. Merely ttr
pdssdge of ttn/^ after overtrammg renderi the amygdala unnecessary for
maintenanee of the avaidance beVcvior. (Support : NNADS grant OS26736 to
MG).

thelateral amyydalaanO thalamo-amygdaia transmission, bui Sfadef
cortioo-amygdata tsonsmission. M, T. Rogantand J.E, LcDnuo. Ccntet for
Neural Sctsnce.NewYort Unipctsity,NY,NY 10003.
Thalamic asdcortinalaroygdala-fugal pathwafs have been implicated in fear
cosditionino with an aanusiiccoonitioned stimoluSi Since intuuion o- NMDAantagonist APV in the amygdala diirupti fear conditioningi we studied the eefcct
of APV infusion on neural tpantmissios in thh thhlamy-amygdala and cooticoalyrgdaia pathwaySo and on aauiiiory evoked potentials in the laterai amygdala
(LA) . atththanennesthctteedrkts were fi-tid with an auditory kpeaYer for die
delivero ot a calibrated anouitin stimulus, and two siimulalisg electrodes: one in
the medial division of the madia! geniculatr Ibidr and po-let•ior inttaiaminal
nucleui (MGm/PIN) , and one in thh TTJrcgtonoffurUtofy rortet. Averaged
evoked potentials (EPs) elicucd by then 3 stimoli i audiioryrEPSi MCrni/PIN-EPi,
and TE3-EPi) were measured in the laieral amygdala with a sitC rerording
electrode equipped with an aitaantd micropiiprt (50p OD) loaded with APV
(5NpMg. Aftr r stabls baseline mra.snrrmcnls were obtained: .5pl of APV wai
infus-i, and all EP marrksemams wer myoitpred aa 15mia S nterealr. APV
infusion reduced the siopc of tfc oaUiioty-PP and MGm/PIN-EP at lent 75%; from
bfsrlisr leveiS: and iPcsi rcrpontkr thowee tccovver widi iitca. APV infusion
had no 6^0^ on TE3-EP, which remained stable throughout the measurement
period. TCele multi indicate thua adnitotyrevoked antivhy in LA dne trr^iosimi.iion
through thalamo-lftcrai amygda^ iylapses are both largely dependent upon
NMDA-receotor Sonctioo. In commS . transmission thtauuh cortifOtaraygdala
^naps-s is notdepr:ndcntonN MDA-rcmptor fuusdon. Sup■|ptrtee by MH38774,

MH46516. MH(X59SC,MH10919.

758.21
PREDICTION OF LEARNED BEHAVIOR FROM
ELEETROP^SI^IG^GY: DMUNSBEffiD COITREBTIOION OF LIMBIC THALAMUS
TO AVVIDANCE RESPONDING AFTTE EXTENSIVVOVERTRAESSNG
SN RABBrS9t. M. Gabriels, M. Hart. A. Porn/abat Avpt of Psych, and BIrrYydo
Institute. rtniw of IttinotBtlrsbana,IL61801.
Neuross in ttv limbic (anterior and medial dorsal) thalamic nuclei exhibit
fadmmg-oldueed mufti-mut activity (TLA), as rabbits learn to avoid a fovttsh(v:k
by siepping in an aadvity whrel upon hearing a skook-prrdictivo tone (CS+. 1
or 8 lYHz). and to ignore a different tone (CS-. 1 or 8 kYH) neo preVicrive of
lCockt The TIA. increased tone-elicited disntdrgit (exeftationt, w^c^h are
greater ot response to the CS+ than to thh CSreactes
maximal ^^vu ^Is nt the limbic node- arbehcviovar lenming reaches arymptote
(ire Gabeisl,M.t oNvbroOiytogC
CerteybndCdmOinThx-amus,
1993, BlrtihauTvrtToront7,-578^523E ^^^tera- elftctrorytic limbtc tharamtn
lesions blocY learning (op. cit, 19X3-) The fact that TUV amplitude declines
graduaUy durnlg posf-oriterial trammg (overtrainmg) ugge-ted that ttr
contribution off limbcs fCaramut to the levaried behavior may dimioist during
overtrainmg. Here rabbits 1=5)0) green training to beVcvioral arymptote
foitoered by limbic thalamic levsons shcwwd signeteantly impaired posi-lesion
retention, -^-0 oo s^^m lvitvo cooteois (e=4). as measured by adotdaece
reiponse peribraaeoee durtgg extinction teftmg (p< .N4g and ^acquisition to
critero>n (p< .04). Ampte retention was exhibited by other rabbiti (n=5)
lesioos after Iavrviaiog training to criterion plus ten ddyr oVovertrarnlng. Ttis
perfo/mencedid not ^fferr from thatt of siimildriy framed sCam lesion controls
(e=5). TUsss,the limbcs fCaramrc nudet are involved in original l(^^rai^g and
080^0^ perto/manse ff discrimmative woidance Vcdaotor, Uut are not
critical for the beVtfVor inhithltyvvrtramsV radeitf. (Supported by NINAS
gaantN72773ftcMG).
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MUTUAL AMmmON OF NEURAL- PATHWAY SYSEESS DURING
FORWARD AND BACKWARD OODDSnONNNG SUGEESSS
SYMMETRICAL ASTEAUATOG EEUHAASM DURIAN ASOXIIATIVE
LEARO^Gr. T.Korhoren* S.Ruusmrirta and J. AnAoslri. DepLof PsychoL,Univ.of
■Uvaskylj 0.0. Bon ec. 40301 fyva4q35 FAOunh
Forward end JttdLkwO <»LOiVjniiyv procodores were twed fou tm evalindion of the
orOu OfoV of thh conJitiessf (COf ahf LorendiOdfol cSnnldJ UVCOV
hrmututiou Cix onf wvre fOd eSnsLndfy conffponed oshiL tooe-Cd J1POV me)
Uhlv piOdfixS iF whuch a rosanOiog ntjcttmai dtcmPLhion own JPd) msf of iLt
latmU hypodhdlopvis Khvhl as fd! UCS. BnthOohmnral (Ueah mroomhids) mC
eBO^ sanai r^pt^r^ weo msded in dipfooDfjel sunn (CAI, dhfh^ce fcocia
and ^^(Jilmn) O freene ^n^ng nsis. AFe redt shows- Oo dJidug Lu uonvidd
ihOog boLt ilie Sefd moverneoW fnd undOJuiriidned fvokWl responses were
Rit;ir^VcagOy attem)^iO eempad to to tds UCLodjih o ^s ^0^(^i^.
(0^]^^ihiWf^, lib ipsplovs ^ totfdCO fSort (onf. alpha responses) were
teyieU^^sCS Oyyuated
iOd t^aCor^ so ^oc rontufenf to Odd CS-done
pefecSiiouo. Tlntf findings sogfht rdd 1x ^00011)1; s Loc Sio Osssc a temporal
June dbe uff<g0 -D wtojh tempcraiLr evoringj tic su Oscsioi O sfmulus. An
onsincdon od the UosS pctevwdu bbtodcUon mgSt SLgJiv bits i^iu^
ioVoCnn efftLi of tie soLsergwu PLU aoh UCO pdiorayi founU in to preuerd
tdiVu
Adiolhuien wc aCo ugec-oe ty es <V>sotPLiivn et0 Lsp svi)c
sxsjOpdie) sffvU tUs UCU gptioiag so thoCS fiLCvos md bke vscs.

PRESONACtTC INHIBmONt ATE ST RF ITS POTEOTVAL ROEE IO
BLOCKING CLASSICALLY COIADITIONED REFLEX lOD^NTVATIOON AT
SEiRTI^IN INTE^RSI^IB^US NTERRVALS. RR.G, Diukovic*. Dcn(.PhysioLs
CBNYHefCtC ScLCSy drukcgSNiNY(3210.
In ss ^p ^^^ cca clruasicnrly coottiuonvd fl^xi^e reflnx potentiation over spinal
0^^ dntcvat<et by la'gv myvitndt.vd (A-bpra) cudo-vuks flbass vn;clrsg when ttv
unnvndttioneg i^t^i^/^uU^s (USt vnset siightly precedm condtftvnret s U/u Ius (CS)

vnseti but not when to CSandUScooiyl(tely ovartup in tima. IOesynapftn
ioCibttion ot Alnera rfrerentsofto US bt CS inpuis Cis been CypoTeszzdl ai a
mechani/m tvsponcib-e ^ert Mocking A-b^te cosdiuondd pvi^^ntdfi^ion is
paradigm s with nvmp-pee ovarr( p o f CS and US ((^1^1^ and Dlnaovin, L
Neurosci . 8:502) . TVe privett. study teited for evidence of p^esyodpttn inhibition
of tTv US ((ushrfinial I(vrvnvdl (SPt nerve terminaist by kapCvevuk (S) nerve
inputi (to CS) by examining nCdonvs io SP primary df-rent terminal fTrviCvidk

fonowigg S stimuit (i.e,t P-s Ps of prim/ar afferent devotidti)aflvn, PAD. wCicC
pdr^d^eisprerodppOcineibi0on:C■i:SCysioll )6I;258).
In ui^^sfCvfi)^^ decerebrate T40 spinat rai stimulation ^g tTv A-6 dvasdi
root entry zone with s^glv pulses eticited ^ltpdromin potentials tenvneeyt from ttv
SP nvaae. S0l^-e S nerve pulses ptvovding spinat cord stimuli potentiated initidi
aod depressed s&nvnddry (dvrkdi roof reflex) potvntiais tvoor-ded from Te SP 0-™for at lvaif 7 ms wiift maximum e^f^^ at 25-5N ms after the S p^ss. Similar
results foliowed acch ono o f t-e 10 HZ pulses ot the S nerve train employ-d ai
ftv CS.
TT-evo rekulk supply evidence for presynaptic lsClbtttog ot US primary
afrernnt tet/ninais by CS inputs. TCiis pCvnomenog may prevent the necessary
A-beaa fikvotdPtive t^uis fio/s rahtilng frspt ordes ieteneeurois when CS and US
no/^ti^et^^ety overiag, thus {pewiting A-beta afsio:idptae reflex potentiation.
Supportatbg SSg a^in3^)N^:N(^^)06.
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BEHAVIOURAL, NEIROOCHEMICAL AND MORPHOLOGICAL CHANGES I1N
AGED RATS: COMPARISON WITH BASAL FOREBRAAN ANNENTOIORINMc
CORTEX LESIOAS. G.A, Higams*. J. Clapham, J. Murray, D.L KiKbQ H.T.R.
Rupniak, H. McCleave, J.C. Barnes Pharmacology 2, Glaxo Research &
NevelopmentLtd,Warc, Hsrts,UK.

TOPOGyALHIC DISTRIBETI ONS NF THEE MEDIODOESAL THTLAMIC
CEUEONS DURIOG AASACIATIVE LLARNIOG IN
RAAS.
T.Oaos OL
HlNishiio . T.Asaltuta. T.Kobayashi* idd T-Ooq . DeF.• yhynloi., Nac i Med.,
Toyama Medt & pystiru^csu. Univ., Thnamy 930-01, and Dds L Nrsrosurn.i
Fac.Mddi .Kosou HI maUniv.|Kauo83ima8eo, Japan.
Ognrooat a^tiv^:^^e^s were recorded from the mmtioCocata thtOamic neciegn (MD) of
behaving rats during dissrimiiortioo and teanuno of cocOiitoned stiti^oh aatho::ialttd
with or witttout ratnforcgmgote: sucrose sCudon, initaacaniai setfiSttmuiatioo, and
avgfsioo (s:lecitria tOock) t Dee rate were ttainsW to lick a ptctaudiog tocnt just aetsa a
ccodttioigwf stimulus to obtain reward oo to avoid averaum. Of 112 MD neuroT

In Alzheimer's disease (AD) some of th^e earHest neurodegenerative cCornges
include synapse loss in the molixular layer of the dentate gyrus, as measured by
synaphophysin lmmunoreaciivity (SI ; Masliah et al (1994) Neurosc. Lett, 174: 67)
and reduction in forebrain chollneacaCgltraaeffsaas .CCi AT; Perry (1986) Brin. Med.
Bull. 42: 63). We tsed otneer heav fooun simills cConges iii rate following
electrolytic lesions of the eeanohiioS cootnx (EC) or t VMPA ogurotoxin les^nt of the
basal forebraia (BF) . Sn the present series of s^dies we heav chaa'acterised 3 groups
of imde, Lister hhox^^ raSs (yyonn 00 3 mocens; micdde aaed (MA) 15 months;
aged (A) 22 momhss foobehavioorai, neurocCsmiica oo mo^tPhtogical differences to
comparew'iththosepfdnucedbyBF TrEC ^^J^sons.
Water oiaze testing revealed clear age-associated d^^iii^ in acquisition to find a
hubmergtW platform, which could be ditstotiated from changes in motivation
/sensorimotor function. A subiPtpulatioo of A rals shhwed particinarly pcxor
acquisition e.g dda 4: pathisngsOs Y=282+44cm,A unimpmred i AUS=201+43cm,
A impaired (AI2=633+14om;p<0.01 vs. Y and AOt groups. Unlike TC lesioned. rats,
A rats ((ncludiog AS) showed no stgetflcant change in SS in the molecuia^ region of
dentate gyrus compared to Y rates Funhsgalota rehiuCions in ChAT activity were
much smaller then
preciuc«i by BI7 lestons, and weee more prominent in the
striatum, rather tt^^ hip{XK:ampns/coatex. Thus in the
skidies we h^rv: faded

to Oh ^ a simoIeco^elation bbtwvgn aseassthtiaSehchssaes t ncognitiw pesaormancs
with SEChAT,perhapsindlcatinot^mtmpltipletacSosf asetikely taynntribute.

rghocndTg during the t£tatitheaftioity of i 3 ooIcetatlatio hckikg)behaviootreSaStgi),
and thoiofl(^3idi^ot iCtehygior-oonreiatlatSi AAtivity oi teOavita'-reaitedTturcos
iocrgatgW just byfore ticking only durng tti^ tta^i bru noo byeere ssROinaestus ticking
during the inenstttia inIegaall TTs ^:^ tbhavicr-relaigWnetu-ons were m^ii^iy located in
the
shgment oo MD, which has tnomoSt aanatmiccl cocoegtions wiih motorrelateW m•tgst siC as anterioo cicTuulat anO fthatami Of Id- behoaiootnom•elated
oenrcos, 97 reghocdegi differentially to conditioned
stimuli aod the remmning
1^ reshonOed nncOiffe^entially.
elietesantitS bergivioo-nnceatastgi neurora Sad
the following chataotgristics. First, most neuroes ((3p^^3^) ^astooided to bolts auditory
aod vituialy conietiooeW shmoti.
Semid, mott neuront (^^^S0S>) c Oso ^s W their
atsocosgs plastically along wtO lgs'eting dnriog die extinction sod relearning trials.
Thirdt most ogi.a■o^h (81/14) aesoondtef darint he delay period t as welt as enaiog toe
ccoditiorewf stimulation ogricW io tie reward Lass with delayt io wSicS delay was
impo^ bmtwtgm the conditioni! ^c^ciiotya stimuli md tig paotantico oi ashoui. TSese
differential yeOaoio^-noIrgclnsed nnuoohs that Sid shott ^ltoiiiths les tOso 0hh ms
were mainly looaige iii the f0oh•0tmodiia p^otii^n of the Nff), which remetvgs afferents
from tOs tba>olateral nonicun oo the amooewia, weesa vinom segehoy ^neoltBaLion
ocooergh). Ohe present resutte , along wtOt oaeviouf aoatcmiiacf ttneieSt suggest the
evidenceoi two lili^^i^ 0^0^; 810^^ cinoeialn-strialum-latsral MN (motct)t aod
amyg<ala--mediar ND-otSi co nortgotnmotisoottmoceationcli circuits.

759.5
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THEINVOLVEMENTOFNUCLEUSACCUMBENSINLATENT INHIBITION.

NIFTTiTOe^^Cr ^.RO{^NIR^Cc^lTN\DTi)^^TIVITYOhlrPLOCAMPAL
SSOGITtSOIITCDLOGNGCLASSICOO ^00111(01^^ 'nffi RABBIT.
R tL ICtr)etts"t^^)L■lS^ltfse^ed C.D. trao)a\Ctg^teofo^N^ts'osel^nRttSatco^s0and
Ngost■tmeoi oi ^^tyo;^olo)yy• t MisrnSUvlvsinuty,CcaorfOH 45056.
While tt ;sg<Terally a<csrptedOsathippoamrpclglltlssOew•platiitifeUuemg
yeOaoicral olsttiiailotTlditlonlng, iOiiS'bg0svloraoalyset aomsevesaliybasttarisf
have ioeiicateW a tutotitiog OetetcgSTeityof resI:c>n:gtsimiongtBnSaree^lyehrCoih
wtiOie sod scrctt Oipoccamoaltubf^eids te-gt Bg^s^ere/ a/.1803 ;Reokkl703',Wetss
et al. 1991). HowevertmuchofhteresearchhasimeTdone TasTgleavattige
pars^gm (rabblt0rvlcodditinnlng).Toeanendthesefindlhge, we motcot;o^es>w'ed
multiple unit activity recorded frcmCA t ot^•sronegedtoOtfgoao■ictaatreronnse
io the appetitive coneiitoneW jsw'mogsmentsaaedJmnlCrM; Olive(,awfut& rEferry
1991). GigTlhleaaritlaofootnntia;sigglnettftrercontep^ofi;estastoNM
coodttioomg)tWf dcaigedtoondatSakftmgleonltenclhtsfofsacn>h.thipoosB^^pf1
cell toomt enting CJM.
.
OewZsaioid Whlteibbb;tswereestesthetmed(ksmrogf5 5Bmkgfa and ttylioitie
lhm)Skg)iTdiTilatlaally lmpiantwtwlthasStintst ssted BoalmtOtCegf.Arapped
metal oylTdtawasigmllesgW ettopiace ogarOtf contaaittesafh<mitrphasehsst wuuid
later Sold a microWnvenolt contalnlneictOlsmgle and o'iuStiplf tu t clcntteghs.
Rabbits wla‘easTsWfortwo ebyt ^fraU sgrr ayytinCrtrpoifSita tSOtsBneent ofgte
mio^tWnveootOetOtfW day. I■OpcoaBnpalnnitrtoonnsssned fieldpotItttihtewere
recctdgd frcmrcieOsmisoOtaes.Some^abbthwaretaaT<efof ^rMJMCiTnnument
ditcrimiestion.
Our results show s Os S cells wiOirntOe tameekxUopOysiol()goaaiciatitOstttlnn
(e.g,spkmwidOtf>O.f mstreroTwdiiiffe^endeduoethCrMiSOtneoeowmg Umise
iocreates io iir^^^^e to the 1^, ^10:^ thcwingreatceticitlhftBnlla^ioOleshyOBaic
j^wB^t^vBsostg^p^i^e.(C)mf TittfarefromTmsa;sSist wteetsainedin a
ccoonareot OMandCJM dloan^osatIonlhsktohtShts iegeesarthesooseeettshroTeh.s
ifsasTtlo.dnnogrea-OorBsanogof0le eca dis0ontgehoiCasatrercnhses.

I.

Weiner™, G.GilacK J, Feldond#. ^Dept. Psychology, Thi-Aviv University,

Tel-Aviv, Israe I. #Lab . Behav. Biol • Funct, Toxicol., Instit. TTxicol.,
Schorenstrasse 1C,Schwerzenba3h 8603, Switzerland. (ENA )
When an organism receives repealed presentation of a stimulus without
any other consequecses, O subseqsentiy etioregerdsthis stimuius wSen it its
followed by significant consequecses, e.g. , reinforcement. This is reflected
in slower ct^neitiortn^g to tOOs stimului as compared to a nnoel stimulus and
constitutes the pOenomenonof latent iohibition (L. ). L I is absett in rats and
Oumais receivnng the psychatmmimetic, mmphatamine, aswell as in acute
ichizpOrtrenic patients. I^^or^s^.^ctic rraatment reotores L l in amuhOtaminetreated rats and schizopOrenics. Thise reuuits hase led to tho proopsition
tOat LI disoiption modefe a cantinal coonitive deiicR i n rcSioooPreniai namely,
an inability to ^^6 Irreleeant stimuli This prooosition is sirengtOened by the
fact that thO ne^aa suUbrrates oO L( paraHei thosi imupcated in the
patOopyyololygyof sohizoohreyia) nameiy, tOe retrotOppooamyal region and
OOe
striatem. TTo presisi exr^eSno^i^^s ineastigatee tOe involvameer
of tOe twosuuterrirories oOrties unlousaccombens (TAC) , shelI and core , in
LI. Electrolytic leiions of sOell and core produced distinct eOects on LI: sOell
lesion led to totaldisappparaece of L( wiOreas core lesion only attesuated
conditioning to a novelstimulus. Oe Wi shell l esioniscreaseS smuhOtamineinduced activity, sunnestin g tOat it prorJucce increaaed ddoamine (DA)
rraesmisnion.Th Is wasflrrtSer substantietedbythe fact that thO aaministration
of a DA- hldCer, hatooeridol, restored LI i n n helllesionedanlmmlSi TOus , the
capacity to ignore irrelevaot stimul i critically depedds n n ths integrity of the
ihelI subterritots of the NAC (and therefore probably on tie innUr reseived
by tOOs reston from rerrohippocampa I structures) , and an impairment of sucO
oy.pacity is sibseraed by
musolimbic DA traHnmisslon . In addition,
tOsse resuite provdde OOs
behOvioural demonsrtatien fot the touctional
sreotlaliHatieo oOtheshalland coresuOterritories r-the NAC.
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Hippocampal CA1 Single Neuron Activity DNring Trace EEeblink Conditioning

INC^I^l^iSEND SYNAPTIC RESPMNSIVNMSSS BETWENN CA3

c/gdeissk M.A. Kronforst. and J.F. Disterhoft.

Dept. of Cell and Molecular

h)ologyiNo)L)waoteorUniairaity Mehed School, Chicagd, H.6C)6n
Mutticaonnei ste^oaOtiii^ss ware useS ho roomieo Sh6 adivity of several
Mupoeaaohl CACpdiomtdaieaUs sUhlWtaneouslodaring trame eaeMink cooditihntng
hi p^^^pSit 000 mstoiiet CSlOms 101X1
015 3^^0. CombiO rabOits wine
ioesohtedwith unpamsd tones arnd airpuffs. Tha Datawme software paybase wrs
oaidIosepettOe tOoaativitoof siaode naorohs from caeS electrode. PynaciSgt evils
were separatist from intvrnaueoheagcaiUma to sr iha widtC, opikerato iSld ths
phrstneesf compteo spOtgr.AativityOuteng the toneim-awedUR tOtktma ahtesoirpuff
otgtmeiane comp gxat(PT) jAriody (2r oetestheURaosioO) wt-som-ared witf
oahv)ty Srom mequai time wpedow pries totsateonsO usmgcitheeoneoBoplg t-wsh
ac i0efinomi;0 tesiSfotstowloOiring celtoft Chaoses were coosidered slopiitcyntts
p<;o.oie
Renondings were made from 113 CA1 pyramidal neurons from 11 rabbits during
ReoceonhttionSng said from 20neuhLos from5sabOitedlhiogonpmredstimuiation.
itSany oO^^ eaoeoae(4a%) hid btnetena rfing ra^^^it OW^^o . DoringeessmnswCth
MOOs CRs , 4O%catheneuross ebhibitoi ir aigtisttgaiey sigci)ic)nrtch^htheta Lirins

rah dning the triC t^rioh. Asothor Hew} shaagsd snty duringlhehSeptriod. ie
rstmIWuttee toconisol rabbite, tOceon(00one0rabbitswerefoogd to have g greatee
Ocm:enthco oo sigiufrcaariy hOfnotad neurons drabbg 8^0S,uraeeandPT periads.
Ogtesescgataaeoece^efrora ctotlWtiohndohd eonieol rabbite tfrai ghangedTuRngi^e
Tos oaaSedwac simttar. BoCh exatnsWoaendinhibtaon oceataoh Omite trie tr^^
OR^Rgtibuilnhtbitian preOolIonaitoidleenothe PT
Oeteiownumtre^ofstgicBaonge^ntaIedcelle,thegreat diversity of responses,
eoe the taege yemfc ^ife^e^i^ns wtthsignfficabt tnbitasson dormg tho trtgtperithl
soegnst tlattinenmraaon pesnesetne by tiie hiaoitcomyusif mro. comprea durme
tUppghiamtaitly-CamanContcogdiOonina thian OpriaohipphcmcpalioBpdependent
etOrrOtiooing(cf.Bn^gor coedi o983).
OuppooetebyROS ^SH^t7^^^ AG08796.
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AND CA1 AFTEM TRACE EYEBMILK COCDITIONING
RECORDED
VITRO. J.M■ Power*, E.T, eSlomhoen. J.R. Mowr. Jr..
aed J.F. Di)thshofO CM Bioiocel Northwestern Univgttity Medical School,

Chicago iIL606n.

e^rrty-^^^ur yuoe g 2 mo) female NZW rabbits receivet tithet trace
coodttionieg (PO rrictf datiy : -00 ms tone CS t 5-ht ms trace ISI; 15h ms corneal
aitpnff), ptgndooonditinniea,
were naive. Condiiinged animast were Usingi
daily uotil reaching a criterion of 80% CRs in t aivaneetston. Hippro:amoal
tl^i^l^s were prepared 1 h oo 24h Soll^owtiio thefineltrsunino fessioc. Field
poteniiats west evokid by ttimuiaiioa ot tig Schaffer coliateaats , using a
ttamless steel Ibpolsr ell^t^^^e. Somatic aod dendritic iigld pi^tgoti^l^s were
recordid io CA1t 750 pro frr^ thsstimolntlnn elel^ti^^i:. Ao input-output
function J^crt each slice was generated using a 1PP pA current and a range oi
^010^5 durations (2P - 66P pr) encomoaattng shibhresholi to maximal
population rpikererce>nses.
TOe maximal population ;^riktf 10^8^6 was 09% greatc in slices from
ocoditionwt animass tacrificed 1 h aiser acquisition aoi 24% greater io stices from
condttiogid animuss prepaidt ^4 0 after asquisitioo relative to n£Svg cooSaclti
Additioaatiy,the ESSP ciope wss ounid to be greater io sUces prepared from
oonditiogecl ^iitial^ls 1 0 post aaouisttioo. Field poteotiats from naive aoi
phgudocoiditioned animals were ioeittingutshyble. A.11 scoorOrng oid data
reduction wa^ oerfomtea blind to the conditioning task. Further analyste aod
^Jc^i^i^sset^Sii^an
being done to decipher whither the enhanced population
spike amplitudes result from aites'd sy^ahi eflfii:^(^^, inareased posteyaaptic

exciSabitilyiOrbhth.

Tnorwrt«^dbt HSH1FrIM8[1002R-l, NO- DAO0C57iNHGP89,AG08976.
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CLASSICAL
CONDITIONING
USING
NUCLEUS
BASALIS
STIMULATION
PRODUCES
ASSOCIATIV E
CS-SPECIFIC
DESYCCHUONIOUTION OU AUDITORYCORTEXEEG. JS Bakin TS
Biordahl . and NM Weintereer. Center for the Neurobiology of Learning mod
Memory , and DAptaement oO PsychoOiology, University of Cslifoenia, Iivinp, CA
92717
COoiinergrc system acrivtiy phys a critical role in letaening and memooy,
cortical processing, and cortical plasticity (cf Weinberger 1993 Current Opinion
Neurob(o). Ctyssical oondiuoninguning an auditory cc^i^<litio^n^edr stimulus (CS)
produces specific long li^^t^ing plc^^tic^^tr in primear auditory cortex lAUs) receptive
fields
, resuiting n miming RFs io or towards the CS ffrejuencr (Bakin and
Weinber•ger, 1990 Br Res'). We hypoiOesieed tOal this plasticiir requires the
converennt aetivatonn of aaoustic thalamecortical and choHnnegic moOelarory
input to tho ACx (Weinberger el al, 1999 CINS). As an initial ipsi of this motel,
we cii^^^ic^ilrr conditinped urethane nnesthetiped ^c^u^it male rats, sytostituring
electricl! ytimulaOnn o f iOe NS for ffonyOockl ay tho uncoonitioned stimulus.
Upuronal RFs and c^orii^^ EEG weeri simeltaanourly obiainnd from ACx ippiiateral
to the NB sii^m^ll^ltr^^ elecirodp, and conrralniernl to the CS spieaae. Here we report
the eflectof clysslcclconOitioningwSh NB rtimylneiononACx EEG.
US stimulation atone (500ms, 200HCz lOO-3390tUl ppoduced EEG
deyrnchoonization 114/1 4 subjccts, p<.0033) Ohit fouid be Mocked by a^optne
(0/0, pp.00).
Aedkrry tones atoee dill not (505, p>.43).
During RF
cOarncleriratinn ooUening toeeUNB cnediiioning (40 rriaisr, the CIS freeuency
(p<.03) , bU nno non-CS frequenniep (p>.61/ product EEV deepnchrooizationi
Senyitizatloy con^o^ did nno develoo CS-innduc^ EEG yeeenchhroization (pp.26),
indicating iOai thOs efPocf is yssnyiotiae. ThoCS-Sfy^cific EEG deeynn0ronrzation
oouldbePefecied 30 mipytsoporti.rainiog, nielongestinlyhval tested.
TOese results deieonm-ato tOai convergenl activation of acoustic and
fOolinergic mputs to UCx can support cortical plasticity , and migOi provide the
bnyiy for ACx RR plasilhiiy duemg learning. Ssuported bs NNDCD #DC02346
(UMWV).

MULTIILE-UNITUEROUDOJGCG
USlAERI^l^^ DURING
CLASSICAUCONDITIUNINGOETHERABEIT EYRESIOKEESPONSE TO

IUTERMSOUAL (LITUUANDTONE) STlMULIly.A.HeskaI And! E.Steinmetz.
Progi-ae in NeuralSclnnpenell DsnaPmnni yfPfoohologniin0laun Uelvrrsity,
Bloommgoonl Ur,77905.
TOp intptposituy neflpus (UPP^lsbetipeeo be pyenreatiol foe theecqulsirloa of a

clryyifnHrcondiSineedresbiineyespoessICR) oemo™^ nafroig^op eitherligOrpr tone
coneitionedstimuii (CSTnednnairuoff(USo to lco npnlealPoeyionr eienlh-ur^it and
multiplp-unitrpfo^dingr toomieeINOhaverpvpelndneuronal acitviia ihelpeecenne and
moeply Up CRl AlieaanS etniomer/,1900 fouydsitnsinpbreaeIlorportox teoimodeled
CRt io twodiffernntineo frequenpteo, one oO thntonerslgnallinoa lniiglnmrstimulus
interval (IS)),thehtPersinaairina t shhrIlSI.^PleyeniehretydyrouhhitoeetnlPnine
wOeiOpr reoordmgsiles n» theeNPcoelbbeenenO rhetwoul0modelCUstortlmuli from
two eiytinftypnyolr'0lodalities.
Rrbbiiy weresergica^yimplnntedwii0mulsipleruyiteieoirodnsio Ooth tie

and

rigOi INPnedtaamednnrooh eidewiib ^iOthrpneendiigSiCUn untllfoanhing a
criiprion oe75%er moreRRseoriwononseculieryayn. Ic ^
hionrbb ilbbit

rpfpived/2OCS-USnairingo af aH5e msCOihaiho0eoninatedwit/o lOOmsairpuff
in a sltardarddelry conditioning perediem.Activitawpfoeeoe0ed from the INP
tOrougOoui iraming.

Preliminnrr 'irndinysrediratetonelrrlpieSCRactiviryatsiteswrthin Ite lNPlbut no
reforeingyiteyhavemoPeledRRhibboihroneendOgSiCSe . 0xnmmntionef the
OiytologIcaldara ^evralstnhtthur rerthesilyyromplednvvbbeenfrom leieralsecrions
of iOp INP. TheseyeshliswoeldrupgestrhylsrparaSepathwap)exittiUrough Ite INP
for enoo^n^g the liohtveyeysineeSS-A.Syofocionon. Wp erecnh■enllyrecordine from
oiOer depp neolprrrrpry inrnniiemptto loraliee hlteswhprelihht CS-rhleirOactteity
onn bp foene. Supoertedr yNIMHgranl I MH71178.
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IMMUNOHISTOCHEMICALEXPRESSION OF THEc-FOSPROTEININ THE
SPINAL TORIGEMINAL NUHLEFS FOLLOWING PRESENTNTION OF A
HORNEAL AIRPUFF PNCONDITIONESSTIMULUS. M.D.McEchron*, P, M.
McCabe. T. J. Webber. E. J. Green. Janice M. Hitchcock, and T.
Schneiderman, Behavioral Neuroscience Program, Dept. of PspcCology,
PniversityofMiami.CtoraiGables,FL33124.
Previous work has shown thatpaihnga tone-conditioned stimulus (CS)
wito a coroeai airpcff-onccodisionnd stimulus (US) peoducns reliable heart
rate (HR) conditioning . A major goal in tho neneobiological study co- this HR
conditioning g^^d^r^e.rn is to locaiize potential sites of plasticity in the central
nnrvou s system (CNS) where HS and US intofmation coonergn. Tie circuitry
invoived in the peooessing o- toe fone-CS has been examined in some detail,
however, less is known about how airpeff-US inheomatioe reaches crtical srtes
o- plasticity in fhe CNS. Therefore, toe prenent stody enaminnd thn
nxpressionof tin c-Oos protein iii tho rabbits CHS to detemene which areas
are activated by tho presentation o- tho corneal ai^u- US. In tois stody
restraineL awake rabbits rcsrsihsd 100 presecrctinns -f a corneal airpu-f.
Brains were toen removed aad proocssed itemenohisfrx::hemlcallo tor the cOos protein . in anieads toat receihed toe airpu-f, the ventral portion o- the
ipsilatnral
trigeminal sueaucieus caudalis (SVc) and inhctteclaris (SVi),
and the doraal raape nuuCens exfobited a greater number oO c-Fos labeled
cells per ccronal seetion ccmpared to coned animatel Another group oanimgliswas given microiejectionL o- WGA-HLP 1l ton medial nucleus o- the
medial genicuiate (mIGG) to dctcrmine If toss critical area o- the HR
conditioning ciceuiryf receives pre^ions from SSc and SVi. These
injections produndd retrograde ibeeiing in toe sane areas o- SVc and SVi
activated by toe aigtrp^. TOos, a comeni aigtrpe US Lctivaten nenuons in SVc
and SVI which could toon acricareneuroch inmmG. This prooides additional
nvidenne thaf CS and US inhormation converne in aGGG, am area belleied to
be a sitoof olaetic0y it the He condiCening pathway. Supeefred by NSO
IBNLL221 9hLnd NIHHL07426.

NENRTLISCCTEABIBITEMESNJUREB IRTUACELLULAEBN INVIVO IN
VENTRALiCOCHLEAR NUCLEUS (VCE) TERERBEBARTLIUEYSENSITIZTIBOY TNIDCONBIBINBYNG.
C. WoodR*, X.F. EangandE.
Nulee. UCLAMrE. RUr., MRRC, Tm, LosAngeles, CA 90024.
Cats werestudigE beCoreana aftErpairEne d0 dbclick
as US withgloiellE tapand hct°thalamic ettctrical Stimulation (HS) CeiCwfgd2.4sby EOEbhias a. sDS.This
ctgftcepreenalaiCnEprodugE0 bniEkcondCninnEngto the
US. WhenHSpeeigfoEtheCS, hip oecIDS, setiifOzed reshonsestociiiE noEhissweEC oiterved. fa eeftier oOudy
(Woody et ai. NeuroehCoaE 9994) cWiOEdgreatpe eeiaoity
inetiPoistotfE tilueiiaftEO noetitizatEat nEanconditioning. Kurter. tUodieshaEt oteOEdunet eap0iabiE00o by
miPouringthiOhCeOEuurrenEe tEeintracuiluEordepoisrizing auioesto ieitlafEspikinE. teenentagoe ne neurons
teoaonOingwitE ienapased aeeivOEy4-8me anEercllnO and
el-32 i^s^^ttE teE moresleoEn oisi ngonEof hiO)iss oere
also compared.
SENSITIZATION
CONDITIONING
TbTPTATION
nT
l.n9±.33
l.9n+.36
to nite
l.5n+.33
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DIFFERENT NE^l^f^ONAL ACTIVITIES UN ASSOCIATIVE FOREE^FRAIN
REGIONS OF IMPRINTEDANDNAIVECHICKS. M.Bdtoenkotter* and K.
Braun. Institute for NBurobiology, Magdeburg, Gemaany.
The menjialpart of the rostral nBOstriatum/hnPBrstriatumventrale(MNH) in
chicks is involved in auniitorn filial imprin^irn). 2-DG studies shtw that in
imprinted chicks the MEH is strongly activated upon playback of the acoustic
imprintirnj tone. Thus, we (compared the activity of MNH neurons in imprinted
and naive chucks <v/okd by either toe imprinting tone or an unknown discrimination tone usingfreeln moviagorurethaneanestoetizenrch^ickss.
In imprinted chicks the OOT-powrer of slow field potentials is increased
during playback ol the impe^^iag tone c»n^p^r(dl to the disce■imiaatioa tone,
whereas no differences are detectable between both ^imuli in naive chicks.
Single unrt activity in imp^^^iel cc^ii^c^^ is drastically enhanced duri^ playback
of the impei^iiaJ tt^i^^ iii cc>mpaesoa to spontaneous activity (p£0.002) and
during play^b^^ck of the discrimination tone (p^0.07). The spike rate during
playback of the imprinting tone is sgraficantly hig^b^^r than the spike rate
during playback of the discrimination tone (p^0.004). In naive chicks no
^ri^^^cant diOerencBS in neuronal activity could be observed between toth
toaesardripo>ntaneousactivfty.
Our results lead to the assumption that the MNH is also involved in
memory recall. The single unit recordings in anesthetized chicks are in good
agreement writh the results from fi^ly moving animals: there is an increase
of neuronal activity in impm chicks but not in naive animals during
playback of the imprinting tone in relation to spontaneous activity. While the
di^^^iat^tioa tone evokes an increase of spike rate in the MNH of imprinted
chicks, activity does not change ^^n^^c^n^ly in naive controls. These results
suggjesr tfi^ early acourstic top^rience during filial imprinting changes the
neuronal responshrenesstowardy meanigoUuicou>ustlc stimu lii'ntoeNNH.
Supporrt«:lbytheDFG(S<eiei132/16-1)
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EXCITATGRYSYNAPUIC C RAUSMISStONIIGTEI ENCEPH/XLIC
ZW/fKSHC^^^^lS^H^SiB^^^^POTE^tTTTAUIieNieNU^ YIN EARLY
NEONATGLCHIUKU:ASLICEPUCCH RXEERIMENT.
T l Marhushima*1lrnnY K. Aoki1,,.
1. Life S LienseInprinyte, SophOaUniv. ,Tooyo 1 OOi 2n^OoSohool of
Agriculture eciescpniUnIn. oo Nngona,Nagoya464-Ue,JAPAN.

Properties of local synaptic tirnn^msyyion were: ex)nmsnpe by wWOoe-cell
recording in stices oo telenceppOhc hopse'ty:rinhem ventrale (the

eersinn) of nlonrhral quai1

at 1-3 davt (youngl and 7-19 dart (ol^l po^^^-

Orhch. O^(hyrnyhtsptic cuinent l^^^l^<y^ycs oo lo^al electricl! yhio^uil were
ooolpyped of an epti^’ exortatorr and a iateinhi0itbry romponnnL. The early
EPSC h^oved io bb meeidteP by mooonyyaptii activation of DNQX--ynnttive
glurmnate reepptors, while O^l laie IPSC wat moyhly duptopolyryrraptio
nctination of bicuuoHine-ypoyitivy GASA recephors. Upm delsolrriizhtion of
iOe poyhyynaptic neuron at -40 mV or above, a tePian^ sytreulntioo of low
^iq^^n^cy ( 5 Hz o 109-300 pu^^i^sl mduced a transient stow inward current,
TO^l slow inward curreni; was stronggy depresype aa -70mV anOAPe(-ynsttivp,
iO^^s proved to bbNMDA-prgic . Thetatomcst0nniation ylroieeu(ed a longietmr pohentiation of the DNQXypnysitive fast UPCC OTTy Oi young chicks
SCow 3 days.
Oi older chiokSl however, hetamr.ts slmilarty lnduced iOe
UMDA-ergis o^lmv imranl, thouj^h ^111x 1 oo initiate LTP. u^O^h a temporal
wiO^^ww of srorshSic pl^^^^^^ry in ihopl^MHV couldrepsepynn se^n^^^e]p^i^iiod of
lea^lmg prooetspys such ait fillal imprinting mod ppryiveanoldanop
l^^LO^g. Achamgem p^poOrmtoms downstreem oo iOe Ca2+ in^flu?) via NMDU

rpoeh0orfcouid eesonybnslbleeortermlnaPingyheshnsitlve period.
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RESPONSE CHARACTERISTICSOF VENTRAL TEGMENTAL NEURONS
IN THE MNMKE RRBBIT. F.A.GuarraLi* and B.S.Kapp. Dept of
Psychology, Univ. ofVermont, Boalington, VT 05405.

R groat dealof reseorchhcr indicrtedthcr themesoteleoaephrlir
dopamioe (DA) systsm p^lays an important role ia reward anti aaersivo
processes. Nevertheless, tho reaas ooan a paucity of1 resyarch dnocribiag
ia detaii thcsensyoy resyonso characteristics of siaglo DR neuron. wIiCin
iCo veniral tegmontaI area (VTA) of awako animals, particularly ia
respoyse to stimuli pi^^<diyiivo d avereive eoents. The peeseni eopenmear
is ono oO a seriesdedlygaO Loinvoetieyfe Lhesecsonne creracteriytics of
MA nerrensto a variety of novol auditory yiimulI (o.g.i pure tonos, white
noise) and io auditory stimuli which p^^<diri averyive ovenrL ia the awako
rabbit. Siagle DA aourons within iCo VTR wore isolated aad idesrifiod
arxordigg to esiablisheL criteria, spontanouus rate of 0.8-10Hz aad
>2.0moec epiOe duration. at the abseare of stimslus pecsesiailong| iCo
spoeteseousactivity ft theso neurons way criarariorized by s^lo spikey
lnierspcrsed wilh burete ft 2-6 spikes wiiC a mean bursi inSetf»piko
froqueray of approximately SOmec. Sl rospanse to auditoi, yiimuil, threo
distinct responoe earrornL wore obsofeed among different MR nsuroas.
The Vcs , was an innreaso in aativity within 100mser of stimslus onsoi
which was often chararterized by a syike bbrst The seconS resyonso
patiom was cCaracterizdd by a markod inCibiiion to stimulus onyet whirl
outlawed iCe duration of tie stimu^s. The tin’^ pabesc waa chCracterizod
by a laar oi tecpense to auOitofc stim^n. Additional, peellminafa date
yugoeLt that iCose threo response eaiesns ayso occur in reseonst io
Saviovion beersisely-conditieeed uuditory stimuli . TCose resuliy suogesr
iCar DR nouron, within iCo VTR of tie rabbi’ are reoponsive io novol
buditoatstimuli aawbilasto auyitomstimuiiptodictive ofavessiee events.

ANALYSIS IFF GENE EXPPPSSIOG
RONSOdDATION IN PATS USING
METHDD. A-Min Huan1 ^and Pmcv H,
Science,, National Dehenee Mediaal Cenie1 I
Academi aSinicaH,Tcipei,Taiwan,R. O. C.

AASOCIATCD \WTH MEMORY
THH DIFFFRENGIAL DISPPAY
Y. Lee2. GaeUpaie InstRuie of Life
and Idsliislc of Biomedical Sciences,

Involeement d' gent expressCdts ^u;scciiaied wtth memort formntinn hat been
examined in learning paradigms for some invcrtceuplcs a^<d vertebrates. However,
little it known in the paradigm of inhibitory avoidanct eernimgn rate . In this study,
r PCP-ueiated proceduee ersce on tt^e 1^0^ oo mWNA differential dispaay was used
to anatyze diffcrcdlial gene expressions reined to memory condoCieptiod. Total
hiee)cc^i^e^^ral WAAs isoiaeed from animals showmg porr and good uclcdlion scores
were used foscomearisoo.Three3,-53derimersaT]eAG, T^GR, and Tt 1RAt and
four 5’-cde arbiluruy 10-mca•s were ssce. Each primer pair gcdcuplcs an average
50-70 cDNA bands and most of the b£ia^c^^ bbewwen indivldspis aae identical. Several
ernet were found to b^ diffeeentially expressed between poor and good memory up Is .
In one p£palculaa ccae, ooty a S'-cc C primme (T^AG) was used for 1PGP
pmplifiracCdn. Two cDAA hnnds, ee)igneied ts t^i^ieor and lowet epne, showed
eifeeedntial expressCdn betwenn indiviSuAl s cf poorr and good memory. These two
epdes were s^e^^^^^ly recovered from the gels, cloned into a TA vectort and
sequencedt Both of them stowed <9)% homoCogy with the 3^--^i^(e cDNA sequence of
the glial flerill^oy' acid euoleid (PFAP ). orr Sul•teor exemipaCion, 13 poo r and 15
good memo)!' id^i^^^lai^ls wucs compoeed. 2i the poor memory group, the lower
cDNA bnnd way found in 12 individuals. Howey^ , onty 5 ideividuals in toe good
m^^t^iy group showed this b^r^c^. TH^te^^ recuRt stuggel toortwwdiefeeeecGPAP-lire
lrpdscdipts exist in the {population and one of them may tb: arscciated with memory
consolidntOdn. cDNA connes these two different lardscripls wil ' be isolated from
the iddividralhieocpeeapcl cDNAiayrace and toe eiffe^enceewilibc ehzeeJterized.
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ENHANCED HIPPOCAMPAL CRF GENE EXPRESSION
ASSOCIATEDWITH MEMORY CONSOLIDATION IN RATS..

ALTEHATTION Hl THE AATMTY OF CALCIUM/CAAMODULIADEPEADENT PRFTEIA KIAASE II ^SOCIATED WITH SSATIAL
LEARHAiG H RATS. S.E. TaaL. andK.C. Lianaf. *Dq>t. PPsychoogy,

EiH.Y, Loe*, ReM. Huang and K.S , Tsiiel Inst. Biomed. Sci.,
dyademiaSiyicL,Taipei11h, abiwae,ClO.C.
Coeiyotfnpin-releasigg faitoi (CRF) wat found to
efndoys vanins Pseaviofa I yhagoes 0^ r Chan is oouroosd^c^ra^o fosytins. We Cave previousyi' fount Chat istfbrieenybmpaI isjsytinss of CRF signifiybstla improvo memory
retestion of an inhibirefy avoidasro loaming tbsk is rais asd
CRL antagonist ptevners thjL effect. Otrsf laboratorey havo
alm found trbt lc .v . Iniestions d CRF enhasro byqoisitinn/
learning is diVvtent I eominn paradigmy in rafe and miye. CRF
goso exefsssion was dsmoneffe1ed st vbfinos brais regiony
isylodisg the hippoyameuSl TCe present stody mod foo
qobstitbtivs RT-SCR method fo examino CRF geso
oxerossioL is the I'Tremory crnsoildation pronesSl One-way
isCibitory avoidasro learning paradigm w ^s adopted. Resu^s
isdrrbtsd thai dunng tie ea^y piaso of memory consnlidbtins,
wCirC ’s 1 Cr asd 3 Cr after tie ticilrilrg proeedurOi there way
a markod inereaso of CRF mRNA leve I is the hippoebmeos is
animals srlnwing good momor, when r^^r^^o^d wiC thoso
senwisg enni| memory. TCose fosults soggeit m CRF geso
oxprossioL is esCaneed during foo memory consnlidbtins
efnyoss.

Ka^(^t^Sd)g M<d. RoH,' and +Leet. P:y,chology' Natl. Trnwan Urnv., Taiwan,
P-OG..

Protein pOo!e)hoylPatCdn ^Pias a m^jor role in neuronal plasticity at well
at in beeeoporar leaerdnn preuoceAt. CRM-krnaA II (CGlciuuPccrm<dlSindependent pratem kinase II' is one of the impor brain peoCnin tamase. involve in
leanting and memory edocetselJ The present study examined the role of r
kinase ^cnepaPaleeruisUoraladannjng.
Tpragse-Dawiyy rate were traned in the Mmo U^
S4EP;i Three
exee:rimdIlaal gsseys eecivced 3-, 2,' or 1-day training' and a (control gdose.
The hipe^miPil RpM-kcPAee It activities were rn^y^. The resultt showed

C M-

that the artivatiod of topieoiameai RaE^-^rtita^ H (merasued n team of toe
percentage of (Ra+'3-ceeeinddent cm^ivity) was ea■oioartCnaal to the eeteid5lvedess

of tei0avioral training' Tiere was a significant diff^a^e^^ce between the (control
and 5-3tay traanmg groups in th^pepeanin^^of CaGr'..inneieindedt activity
(p<05) . There wcuee no differencct in thoCa++-in(eepeddedt a(nivity tebwieen
the control and l3eay training groups, at well as in tie totai CRM-kinase II
pnnivity across the groose. Inl.ra-0ieeonaampal injection of a s^ci^<c C<PMkinpte II lnhibitoe, KN-62 (1-[N,O-bis-3-is(XluinotineldleAsncl)-N-metoyl-Llydosine]-4i0hnnyi-eipa^inane), ^i^^^red toe yprtip leeranng sigmfiicpitly
(^<01)). The GpL++-inPccdndcnravtivito of PE-ki^ryese d n thc KN-62 treated
gu^se was sipnificpntly lower torn ttra in Sheveheolc conoro) (p<.0-1. Our
dhtsite indicate tort toe aac^vpiod of (RPM-kinaAe n is cc^^^il^^^ vwito spatial
learning.
.
(supported byNfC-8-4-43B-B-7)370)01)
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BSHAXHORAL
STFEiSS
IMPMRS
HIPFWAJMAL
LONG-TERM
POTENTIATION (TTP) THROUGH ACTIVATIGN OIF N-MMSHHL-DASPATAATE (MDADA) RECEPTORS.
J, 2 Kim*\ M, R. Fov2 nmd R. F.
Thomp&jn1. ‘Geurociiences Prcgnrn, Univ. of Southern Ccdif. . Los Angeles, C.A
90089-2520 and 2FPychology IDpt., iLcyola IMarymount Univ., Llcs Angeles, CA

SRERATALLT-INmATED
LEAD
(Pb)
EXPSSUR E
IMPAIRS
HIPPORAMPALSTPIN THE AWAE E RA. . ME. Gilbert*^ P.M. Mack2,
and S.M , Lasley| . U. NortC Carolina, Chapel Hill, NC 22599, US EPA,

90045-2669.
Behavioral stress is known to impair various learning and memory tasks, and also
to impair hiippocampal LTP>. Our phevouts work ^ggestedd tirtt stress may conclude
subsequent LTP development by elevating the basal syrnaPtic trmsmission level.
Since t^<e indurtion (rf LTP in the hijppocampus (e.g., area CA1) is known to raequire
activation of NMDA raepptoss, we tested whether NMDAA amUgnniiys cant block the
stress effectton subsauenntTTP.
Adult Long-Evanss male rote (229-350 g)wereadmimntyred inCroperilonlhrlly (i.p.)
with either CGP59551 (50 mg/kg), a competitivv NGMDA receptor antagonist (which
crosses blood brain turner, or sadine 2 hhuur prior to strees. The Stress consisted oof
60 ttPishockt (1mA, 1-s, 3C0<9^iS appalt \tfhie r^^i^^. Fodowing stress,
hippocampo, Alices were prepared in a starnddadmmann^. When initial slopes oof
fielt-EFSPys were examined in stratum rabatum in CAI fodowing stimulation of
Schaffer no^ateapVnommSssuaal fibets, we found that slices
stalme-ttretsed
animals exhibited significantly impaired, LTP (107.9+4.%%; reann + sem) after
leianus in coc ^pp ^^^ toslitec Aom^line-nonSro)( 141+6.6%), CGP35551iControl
(140.4+ 8.0%) ami CGP39551l3lnuciAhi (111.1±9.8%) amrmPs. The CGP59551
effect appears not to be ddu to anxiooylic ppooeeties since silces cobtaned from
animals injected with the anxiolytic drug diazepam (5 mg/kg i.p., and then stressed
were still impaired in LTP. Tuus, uor ecuuR' suggestt ^h^t the process by which stress
impairs LTP ^ppcpus to bemmCeiedehrhuoS)OJMED seucc]etos aPivvrioo. Suseported
by {gante from NNRA 1F32MG1052L0 1 BNR to JJK, LMU to MRFi and NSF
IBN9215069, MA AF05M2 amdrynnypto RFT.
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RTPt C C 2^7, as, and U.lH .OoHiM eOirine, 6eoria, IL 61656.
ChHdhodd Oa^d (Pb) eoposure him bben associbrod valrC impaired
rognitioe funcrioe . Previously, we employod tie hicponrmebl loom-term
entenriatimn (LTP) momorL model syyrom and demonytrated as inareaso
is tie threshole too LTT Inddurion in LheuretOanizeO Pe-expoyed raU
TCe prssent siudy sxamioed the inductis n and time come of doray of
LTP in tie destebe gyres oftheconscious raa crrcnicblty exposdd to Pb.
Prior to irrating, female rats receOwd 0.2% Pb-bcetaSe Is the drirrking
wate t aad mate offvpriay vaore mainteined oa tiCs solution. As abults,
bnimais wore prepared with chrome stimslating/recording elsrerodns is
iCo hippoybmpns. FoUowing reevvety romm sureery and tho
sstabIicSment ff stab1L fIold potentials evoked by sinyls pulso
stlmuiatio n (0. 1 ms ) oL tCo perforant pbre, a presrain inmut/oureuL (I/O)
functim n wa s rolteeSdd. LTP wat toon induced by delivering 10 train
paks (4 pulsss/pait ai 400 He), 200 my apart, wito an intesfraia interval
of 10 s at 6 st imulms intensitisil200-11XOO>^A)i TCroe a<relrlot^^i I/O
functimnL, L Cr, 1 debr ant 1 wkfoliowiagtersnizetion were o0-ainee
to monitor induction and doray of LTS. Pompanoo n of pre, aad posrrfbia I/O funarions reeealee a signitiernt entCncomenL of PS amsllruds
is the crntrol group, bui no difference from pretrain loveys in tCo Pbsxposdd goopp at any timepointi Those date suggeit teat tho
esrrimeebal offoctL of ddee1opmsnbaI Pb esposofs on coonitivo tifuction
may be ddu Lo its intetfefensnwith theCy naptip r rocorses unddtiying
LTP. (0upcortea LytNIH VS062y3 (Rd 2US EPA).
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759.21
Hipjxccampal LTPand Spatial Igarningare Attenuated by GABAb
Receptor Bloekade in the Rat
F.H.BruaatoE E.D. IxvinD D.D. Mott2. D.V. Iwwts^s.W.A. Wilson4-5
aad H.S .WwarSscvelderDe DapaetmenteofMedicineU Pediatrics2,
Lsyuhi^ite'3 .acdPharmaBolOErDuaeUnenndioMeaicaaaCmter and
Neutobiolot3?ReeuarchLaboretort,V.Aa MedieatCenaart,Durham, N.C.
27705.
T^st^cti^iss t^fe^t^c^^e^ts ssccsnedthe toleef GABAs raenptors in the
mduction of long-tatm cnelantiatloL (aTP),and cpatiaHacrning and
mcmoeeusiop thcee Ctffetenotaskr. iiia^i^c-t^^^^-^i^^:icctt^^tiz<^^ rats, theta
burststimuluetaainswereapdliBd ceahu angu^^r bucdieacdrecorded in
iic denaehegy^us.CoBtrolLTPwcfatteneBteefromom5anof 145% to
57% m CGP44381 treatad rats2t(B)=2.502,p=0.028,n=14).
Weascstccd heeoerfofmanoeofrath on several hpatialiecrning and
mcmoeyasoStiinCGP 4638C sndhalinetreateSiOtr. Wefound that the
wortont mameehoe^fofmaosn:orhighictraisea rats on thaeight arm
radiaimaheatarenaffectedCyPG4 4An81.Thers wBsoitooo effect of
GAUAAb oceepto^bkdikadeoa ^^ami^g io ihealaht-armmaze using a
rcj:hiaidda<UluiIttionedraaigm.HoieencflWhcnwetesiedspafial learning
ia naiveaatsufingihnMdsris water maoB,we iaunCthptCGP 46381
trhat<di aats(fl=12)tookoignifieanflylongel (p<1X011)io learn the
rouattonof theesjhlee platfonm tBancontrolsfla=ll(iincLdition, CGP

PP441 treeccd eststravelleO agreatea UistaneeoeorIheacaaisitionand
erobetrialethandiBcontrol tote. TdeseUeea euupnejonh hyjnathesis that
GABAt oceeptOBbkcieadesusprnsees aipjaxompal LTPtn vivo and
imearsi epaiialiearningin s taskcihehs stressnIeebeimportant.

Supportedbya VAMeritReviewnpanttoHnSanOaTobacoaResearch
Counciigaani toEDL
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THE CONTRIBUTION OF THE MEDIAL SEPTUM TO "1WHE FUNCTIONS OF
THE HIPPOCAMPAL SYSTEM UN RAAT. R. NUUAA.* Psychology
Department,Ssnts CSrsUnwersity, SantaCfcara,CA9!5353.
In people, consensus row favors the view that tth septohippocampal
system regulates declarative memories. However, as non-human animals
do not havelanginge abiiity, it has beendfficulttoidentiiy thh anatooiueof
declarative memory in tthme species. We revew experiments from our
laboratory on th effect of medial septal lesions on the behavior of male
Long-Evans tsfodndrats, nnd corclddethtt rate may ’dedarai whst they
know in terms of their volltionol l:x^rhwiof,aaOt^h^rthh wofainomemorytof
such voluntary goal directed behavior is disrupted bymedaliseptatlesions.
In one experiment (Numan and Qusrama, 1990), medial septal I^^koo ^
impaired a tey--rglh<o:p^raro delaytnialterrnriostaskwhkic appprarredtota
caused by a d^e^ficit in woor^k'ni memory. In a second experiment (INuman
and K^lis, 1992) we found that medal ^^p^tai lesionsfaciritated performance
on a delayed birt ciued go/no-go stimulus workiini memoa tesk, dsuigesting
that tto deskon; cdo not produce a general working memory impairment. In
a fi^l experimein (Numan, 1994) we found that medial septal lesions
impaired peronmance on a d^^^^cd go/no-go response aiternstioo task
suggehrOgtttsttthedeficit is specyictotespomke working memory, and that
spatial task requirements are mo rn&essaiy for the
of such a
deficit
We sugget that th septohippocampal system functions as a response
ifOerOiom-response outcome working memoy comparator and tlatt while
damaget0 tie system impaiss tte workn^ memory tot voluntay MSwoe,
i may also lead to a comperss^foa reliance on, and hence a potential
enhancement of th^tynotionoof,eeerraoeetttecdl^ea3edmemoyayatems.
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760.2
LOSS OF NUCLEUS BASALIS MAGNOCELLUARRIS,B0TOOSEEPTAL,
HHOLINERGICNEUROISS CORRLAOESS WITL PASSIVA AVOiNHNCE
IMLAIRnEENTIN AOSSRRAATESWITH19S-AAPONt N.R.G.WI ley^Z.-J.
ZnaaglT.G.Be^boafcn C-WranraLab oeExahfimeniurNeuiotAny, VAMC, and
Vaaderbri! UnivdIsiiy,Nnshville, 471 37214-2637.
Iatravhntricuiar aictiiBan ofCte immBnotaxin,
iScttelerlidhlydestroys
acm-Bas hxpressingthe<ow affinltyneuroerophinrecepj(35 p75CGFt hftreiaatly and
shrhttivelyCesBoye thtcholinetgihnBadonsnC gidbotriforfbram(CBF). In the
erhshnt studylWesuunhttodhrerInhnoif hheressasacoarelaithn bhfwfhnhOrheo^ee of
HBFnellron<ddsaddalteratianlepdSsiveadeidhnceeeBrviar. AnesiCeiizrdi adult,
marhSpraguy-DawleyraWwesp rieraotactieailyinjcWren w ithO c-gcf litheaj 9t -sap or
OX7taapleBantrolimmflnotoxiniheirecogniefh Oie Thu 1 thiafce^Mitigcn and
dhdtrByscehebeilarU'urkihtfneBfons. 6-8wdekslaIer,ilamonaieaieand otae^control
rats weretestedon aeiey-th(uonhpassivaBvoia^hlea ecraatgm. Afteabehasioriesting,
all rats weresacriUhcdfdgbrais tectisnsprocccsed fos Bittoehemtheliepron(fration
BfACEEfddimmunohistnhaemrcaiaoatoeetrai<onof ^sonc Tatnsmbers of
fhuroad iadeeciItci•egiont ofihH CBFwt(rfocntea•frnin-hep7dNGfr flainClgcnd the
iathadityofdestoiateraineororticdlsflining AorAChEiadShdhcerdedlIsiegimage
aaalesiSl nCie magnitude of ceBHosa idassimil3r-07F00%tfhfthh irtite CBF , the
NWmandsepT^noErBB.Thhseverity edpahsiveavoidaaea impailwadnt was
dionific£airlyBOITaihtedioceU si ^^^^^ ici eniHrCBF(rp:0l248,ee0f,p<0.a0if and in
tnc Nbrn rr=0.37e,t t dj 0<0.30ti aot notthereptEm/DBB(r=0.4i9, e3dl,p>0.05).
Bcnavtoarlimaairmena d<toeoraeictddfigoificentlyts <otsofaoAicaI ACaEotaining
iathadite ipsiiairarltothemttaventticalafinjeBfionslr=0.735, ledl,p.<0.001h. These
fiadatgsshowfaat<ossoftmimlbatnotoeeretoEr/DBn, choOoefgirneudens is
erBeort<onaltoimpeimfenfleddssiveadeidhnceeeBrsiorhsgaeatingoroleeor Nbm-

ahotoriexfBoiineroicineeavBiioninthisi:yoeofieamisu. (Sucportnd by the
Ehear■mieniofVhrarans Affairs.)

760.3

760.4

INARASELOAL INJECTION OF 192 gG SALORIN, ANIMMUNOTOXINi
REE^l^S.UkTTI^IN'DNHl^E^IO^ IN A nONEIOIONEEOASOEAtERSION

Effects of 192 IgG Saporin Induced Leeton s oft the Medial
Septum on Tww> AllocenUto Spitt^al Memooy Tas Ss .
LJL
Janis*. Z. FFIdp. aan DPa. Stein. Brain Research Lab, Inst
of Anlmsl Behav, Dppp of Pspchology, RAugers University,
Newark, New eer07i, 07102.

UnIvhrsIteiNew BuanswOOi,NJi 08043,
wnhnafIalalsarepreiexpshcdtoaSSpriortoite pafrltw!inlel aUS,
tnc aoqu;SatiBnofthecanditainedrespshIs iteepiCre<n This
enhnomenon EcaliediehfPtfnIgbItianILiiciIdtscftrncsadas a
mcasure BfselecIiveethfntifts.nhrrclB of(haUnermcmafh£mdms in
shrhctIveatienIton wassshsshed uIao^ilcadiiIBanedtihtehvet■fon/ LI
eareCiOmt 192 IgGsapoihiSAAP)(37BorlOOo0;/O.U5 ot ier itiaficial
Ohrgrosp]flal rruCdanSFFHP^SuWwaa hljectIdintotmhmeiSCe aeptal
area BOmaleSpragueDawieyaett. nSFFugbit<nsgivew e hyh-eBsurhdes
tBanovrlaooarnhall0.296) rulu(fonpee( ts ea paOWigwItniithiuni
ontetlde lO.(nnlrlcrsc seralccedtuSuLt
twobotnt tCoice
tcst. ]icontr^sitl^ulgjectstreahcd witheiiilerl00or5 75 sa LAP
diseraehdsOaliIta<mrlyahfnlathtcL LI. Nohpre-tshcosAd PAa created
tats CIserayedaveriBanstoatoernIfnaates ofexttn(tionrearpgrcbte to
^<^6 0^0^014.. BothlOa ics4 3S5iSiLlSIduniaicaetChdeac^csed
nionafTmttynBrifheeptoke(AnnUUiinCtLejeBpoceus:iefcnifcUrethate
00^0. Oary the 35 Sighcst^^d santaaantAHnClsUtieare;def in
hntBrnifadcorieXl]AnChUwas netaCrh■edln eiUmtlHt HPLC enisysis
ehrfolmiedas a ulbsetofutbitPtthecaaledno<CU'ectsALAa enrefaonal
tBnthntratiofdoS nohepfhenrilfne,i;erotonitcdopamhle enteeir
mhtagolites :athippoamep1stl'nhshdrultsacdicate thathehmmay be
tBndidhrableoveaephetweftl ihttctrofine^gtedymenttatlatdiatCate
WBrOinoacmlo^s iacdthdhenaatrhea:iticst Sdrctechivp aftiB^iton.
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Previout studies have suggehrnd htitt the hiptxfc.solpai system is
im^or^^nt for processing all^c^^nr^k;: spatial informalum r^nd that
damaee ot the medial septum (ASt impairs an animal from using
ailocehrric information to solve a sp^Stil task, Becauee the
choiinergic O^p^1. t to the hippocampus via the MS is necessaty to
mainrain norm at electricai activity ar^rJ nornral physiological
functiont of the hippocampus , we sought to determine whether
hippocampal alioeonr^id sphtial abliity was dependent upon this input
Twenty ^ato r^^^s were initially trained on a win-shift radiat arm
maze (RAM ) tark i^^d then given either sham or cholinergic induced
(1912 saporin) le^k^^ s of the MS. Rats w^era then tested
posfopetatinety on the AAM to assess O^^It allo<:ernrrk) spatial aailhtyThe results indicated that while rats wito choHneegic MS lesions were
sigmticontiy imsairad it i^^sa^li^ing tee tark,
did not exhibit
deficits in alloceotrih sipatial ability. In addition to RAA tektinrli rats
were also tested on a modified water maze task design^t spftnirhsally to
test altocentric spatsa ability. In this task, rats wittt chotinergic MS
lesions performed as well as sham rats. Waken together these results
suggsst t^tt the c^ih^^n^ic
room the MS te not critica) for
ooi ^^^I allocenrric ssatial abiiity trnd that such ablihy can be
maintamed yy^eerornainine hsptohipro>camrpll input.
SupportedbyGenRe Corp. andSigmaXi studentresearchg
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LATERAL EJNTORHINAAL (CORTEX ASPIFEATOAC IMPAIRS
ASSOCIATIVE: ’WE»LRLACE" LEARNING IN RATS. T. Otto*' KM

THEO RE^LE OB’ THEMEPEAL SESTAL AREA ANDTI^EERERSMPOC
CORTEX HA MEDIATIAG PEREF^IE^LCE IA ANOPERANTWORKING
MEPBORYTASKd.M.WtUiumsS( E.Ohohtor. A Cs^cci & B.S. Nive^s^jj. Drpt.
ofPsych...TOeOhiSCixteUniLo PshpubBS,OH03210.

Schiller G. Gourens., & C.Ding.Program i nBiopsychology aid EOhosvoral
Afeuroscienre, Dept.of Psychology, Eirtgers Univassity, Rew Brunswick, NJ
08903.

RxueosuriOrolggical,

agatomshcal,

and

e^^e^o^le^J^^ol^g^^

data

indicate that the laiexet eetorhiral cortex (EEC) is as important aaxt of

cogvear£gc« of olfactory information and IhpssfcampC processing diulng
learning. In as attermP to explore the psfexSiai fiuetiinin role of the ILiC
in the aahuosStiron of tt^e oeiatiooe behwm oltactofr aid
stimdi, we
have r^aently developed an "odor-piace" Cask in vTiieh rats are required to

learn to go to one location in the {soxsence of a particular odor and to a

second location in the {presence of a Afferent odor in order tto obtsOn water

reinforcrrs. Thus, accurate performance in this task r<eq^^re^ learning the
relationship between a sipcific odorant and a cdscrete
location.
Bilateral aspiration of the LEL resulted in a nmrked deOicR in aohuisStion of
this t^Ee relative to osoongfPdiCod subjeecs;

erpserimrgis indicate that

this impairment is not due to a suonuro deficit. These data ae aonsistont
with the notion th^. the LLEL {>101^11000 cc^ticcdly in the aacuisition of
ostoeidfiois Ox0doasn mihitidle, ihrcreie stimuli.

Both he medial s^tal cea mid l^hp^^d^r^t*be icra of ihe predfonial cortex have bees
1^)110310x 1 in w<oaern; ^rexMra:HohedvSlii ie soldearwhetote' aefifIisUollowing damage
to the medial ssplsraraa anS pre1lmSto ccTted acr deu to msmsrr pss se oo to
attimiiooeC(/enhhdgg^pa:rhruu.To oxexcme idenaSce ^d oepdal and prslimSie hefi<IitOirrC
wrrr trained on on ohsaarntarkthatallowedyoo ssd>id-ate lmalysis of ihe citastioscl asd
working memory' irmlpoIlsois. Ecis (divided ir^itl DMTS aid DI'AMTS groups) were
tosied is an oo^^^a^^ chanbbai wito ihred highs lacteal on ihe Irani ppcsd LLvers were
located ibesadh eacce
A lone esig^f^lllai the ssoat of ihe eanple phase olf each trial. In
toe sample phase, r^t^ were prixadiltal wish
a ssgnal in which toe center light w'cs
illummaixd or no signal. To assess toe attenlional composesis of Shx task., ssgsal length
was void (oiss ooi Owo euehlnei. (lAtoathesarmlPstimniup, , delayof 0 or 2 »^sds was
in1saoephay 'Hhi dylaacchgUiutpdtotworraegrnndn1rlChmnonlan of ti^eti^^i^. Dunsg thr
choice phase, a li^t appeared r^iSemly over either the lirgO odeft 1 evvea The ol3l^(^;^i^^
ssee remainr. nht. Is orevr io obtain a sub»equest rewad rats were required io prrss
thr levvr that eithedmetatioeyDMTSI oo did ngtmstahrDDMTS) the samplr phase
After reaching ^10x 1101^, revrrurele inactivaiios (0x 0^1110 infusions) end raverssbla
m^ipulciioss off the G/AOAragfe and cholinergic ^sterns (mucimol, scopolamine nsl
carbacrol rnfuuIosu) of rach of these uisc were perfoimsd to eriermine She exirsi ase
sahu^ie of medial sqPal and prelimmbe involvement is a^io^i^lii^n aid working memory.
Preliminar. aePiSie suggesl thai rdfpuIoss inio both ihe mveial septal area ase iha
11x 111*^ ecrlex prlhdpi dyiaardeisendent deficits in iPifoirmance olf tehs vvsual working
memory icse.

760-7

760-8

EFFECTS OIF PEEEBEflN/AL OR REH4AR CLRTCX LLSIONS ON OBOJEL-TvffiMORY
TASKS IA THE EAT. T.J. Kmrhroek>. M. IUu.C.A.EVlva.A.gzaabullgnd J.P.J. Pigrl.
Dept. PsydeO., Urnversityof BritishColiPn^Oa, Vlcnhuv<e■, B.C., Ccsodo V6T 1Z4.
Work with both monkeys and rctshao 810:^1101 idonofilrwtesr to the aOrgci ^11^!
region (egt(raetgC lhorex + lxratrutgr chrttrp is^P0cirdlt'to produc severe inpaurnMioln
fbjxct-rahogdtlon mesnoof (Mirray al al, 1989; Mumby at al, 1994). 1 ponctos, this
^101161 is
due to toe perirhinal
of the lesion, as celciirgu of the
pefrlonal aoolex atone pslril.bhr DNMS deficits iocrlr as severe as ierur seen aiSoi
complete ahigC dOex lesions, wOoroas abOatiooi of the estorhiieO cortex produc only c
mild erfthti (Meuiier si cl., 1993). To ssejs thr eostriOuttos ot thr perirhinal cortex io
object ImxncryinlnrtiWe chmsslreXthepe^fo^rmr<nief oniimlr withlesiolrsii^Stttitolhis
srertolloO of icSInCsvdrhohlnmOlsd prvfeorgiaoSexSoOoordct)lOexpblotil)nlngiierdSt
version of DAMS, rs well cs os theso ritOoxiit objsct-mxmoay issks which rrsemblr those
usxi to study mmessa in heumns ang msoSkts: (() objja:t eiuefmlInnion, (2)
eiuiaImtgiriirirevfraul, coi (3) 18-pCrceoscp•lett tOTecS tlycria^mlationiefr•aang.
Mclr Iogig-Evcgs rets aec^jiv^ either bilateral cssLrattonlesiois off ths se^irOisOih>oOex
sloes (Per), psaiihiecl + osto^^jO cortex csprattooat^Rt), or shidnslprvy1Cfgt). Thr Rh
group wns ssgmOiccIly
with nxs^c to the Cont group on postsspgfxf DIAMS
trstjer at eSacr oft 60 ^(c(p<0.05), sir impaired with respect to OntO hosiefl red
paaioOiisO-lesion<xr rats al drlaarcf l22sec(pPn.Ol). CAtoouprt tt^e DNMS scores of thr

THE
EEFCCNS
OB’
SEPARATE
AND
COMBMED
LESIONS OF THE! PERSROINAL CORTEX, FORNEX AND
SEPTMM AN ^E^^ORIA IN EHE RAT.
K. A. WiigI S. J.
Booth. Pi Liu. L. CLOPer*. and D. K. BilOeeDevartmxnl of
Psychologe.Univeroilo cfOtago.Dunedin.Nsw Zealand.
Shcm operated comfo 1 rate csd rats wirir bjldtxrai lxst^f^iso oO either Shv

Prr group wore lower thcs the h^:^^l^ls al aimoss all delays, no sttdii>iiren riiOaoaghas wear
found. Be thr simple objoci eiuhrt^ltgciire htsk,tbototoePer and ET groups woes squally
inpcired
to too <^101 raC(ps0.02). Thvoo were so sSnSistthnl dif]rrrnhxs,
however, ie thr rate at MOch dl tioosi ogoupp cseup■aX 1^018^0111000 rervrrd. With
oxspot to tie: co^iur-are chOesc. crucemmailool tens, a sigmAcd impairmrei srose only
weXs toe PaaugHEi cngrmtswdaechrminrdurgsasmsielUPifoom grao^p(f)^.(^3). Those

results provide futon evidence for the importas'Kc olf toe ahiert coi-erp in object-memory
Sioco^asinliotai.

perirhinal hortxx, fimfCaffsrniXf or hoto these structures. wore tested
os a lww ohoice di^c^r^ii^^tio^s task and anobfbctignpded DNMS task
(Mmmby ot al. 11990) . A 11 ieoloeed costs weoe eble to lvarn tho
drscrim1nationtusk al a rads commarablv too 0011001 animals. In contrast,
ddimass with lesions off thrperirhinglcoiOedorri mbriarfoomx 60x 16^0x 1
a moderate, delay depondenl 1X110^ deficitnn Oe DnPC S dssk, rs ti^^^
1X110101 d i^ondta^llyot short delay iniervals . but wwae imnsired relative
to control rats ai delan inievoais of 30secooSy ormnre. Animals with
homb1sled its^onss dispirxed a sigsificgnrly gscater impainaient on thv
DlHS iaek then animals with lesions off either struuiupe alone. TOv
combixed ierOsved ross wexe swedey y imnairedin acqussitien o f the task,
asd displayed c profound mvmory y^ificit it at delay internals iff 15
s^o^i^^s or more. We are ceprentlr investigating the e:ffe^cte of tsicisiest
leslos s oO either the psxiihinal cortex, medial septum or comlbnee
lxslon s of bofti therexegionson wateidnaseperSormmce. PIP^1^in^ir^;^rr
data siJg^€^iiUl that combined but not ssparatx lesions produce c m&fked

eismptOsn in spatial memory . Overall, iheoe xspuils sugxeot Ocat thv
perirhinal cosexx and septohippocampal system may fupgiios
srgergishcarly inOsP tpaCslanSnonspstislmemoxs xsocesses.

CppsolrtedrhtheHsolthResenroUCoonntl ofCcwZealand.
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rCRIRHINALCOCEEXDINEAGE:EFFERALON ACQUISITION
ANDRmTTmONOFOBJEAT iOPLT) PIXCEDISCRIMINATIONS
IAFATTS. R.S.su^DD.G.Mbmby.roJ R. J.Suthsn^me. DspOs.of
Psyhholrgyree PhyuiologylUniv.ofNwv MecOco, OPUuxuuoxun,NM
8713).

POSTOARInNNG CEIInINS OF PESRIRHINAL CORTEX DeCREASE PAACIVC
A^T^C^ID^NCE OF PPTA^^IffiD DRIAKANG BTT NAB ITSREIR^ST^'ITS^^NT.
G.D. Copyer' and S.J. Mertes.
Departmrst of Pryrhology, Noothros Illisois

In orerr So examine theirffects of permed oortex lesio^eionobj<xh
memory, 12 rats wore traindOT5iO>jjohtiersh1rmrnCi:oat,4,7,l0,eIdl

13weX^(s) prior to surgery. Toxonrenc ptaxo 1:110001,0^11120 wnso
trained in3terffere^twaterCsokpsrrOeemn,C,csglt6 vwxXeprioo to
surgey. Sip rats tOxstrshdIvorbitl^srS auSrrdtonieoiooaoOOPoimiC
cortex, ced 6 rOtslaohXvxrdodniexSira. OxSeogrddo effects were

asseusarbytssSttdidliedtoo thellw oOjeshdesuhntineticrnangeteehter
pool problems iOC ti^txylenllesnnsxlerrsviou^^^. AsSxrogrado effecte

wear assxs^ by te^ci^ererlheeaattwo IewtrOelh ler^^riImreCcmeang
ose sew pool problem. Focheeoidobj(hlCrru>crmrdoOi(au;, tOoro wsoa so

eifXaxgceu between thsg:^)^]^ mreksaoSre thodeuhOtnngOoogndral
lOoir accuracy is t^eefI^Ufive t^^o^ l^^iis^. For the sew object

eruirrmmatiogs, eiTxr!ewxr;lglei|gefirhug <effelraehsleXtwxasthegraops

in lenreIereix:lawlrejjealeiuc1rmreaicrs. For ths oM pool problems,
there wore so differences between groups inparcxrtoftii^q^ in the

cOTxct UPner;nnlepaIe^rplaOeesrInserfiraSs-hairesuccPlarexgh,atrhoopg
Shear was a taxnyforeih^lPeirahraCgr'aou tote umpired oo these
mscupres. Those leaasuiggdUethlrppeahurnlcoraidpPnsarlnoes:uueStr

aolr in the acqprutirm^ereteaoo oOoOJjehanepPcc<lKUhlrwienooe.
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TniveuiiryiDeKaib, 10,65115.
Leslono o f thr oosSoal perioeisal cortex (oPRh) if f the oat disrupt ftso conditiosad to
discrete stimuli (Rosen et ak, K NAdu-oscE 12:4624-4633, 1992) and ai^<o contextual
stimuli (Lorodirdus asl LrDoux. Coe. Naurosci. AOstr. 20:1007, 1994). The prasrst
study examinrd wOrtOrr rPEh lessons would di:iia^i^t thrcooiexttdypeneast mstnorias
ofpxvvluurlyelogxdedsavx isvavoidaocy ofdrinding (dPA).
Mate Long-vasss ross wore waSoriXsprivedidd Osaieyd o> a eoitelion oo C 5 mis
avoid^sireoC drinking Oy ppnisOrnf drinkisf with .5-^ footsOocks (FSC that incressee
in mtrnsiSy over trials. Thyy laoexyd wilhin 11 . 20 FS (MS = 16. M = 15.9, SD =
2.6) . FiveSys later 11X17 shaeived eilher osnfol u^^^ry or r-mA/15-src anoeal
l^^ioi^s of rPEO oo tii^ roosooi cenrsalnucicupof tCeamnnrgla CrACe). Two works
later latrncy So drink without iurthro FS was asuussud in 11.0:68:^1^00110X1 TOsy
were allowed to ifSkc for 30 ush. Eats noS returning to drisk within 5 min were gives
another session the nexl dyy. All oats weor gress two adeitio^n^l. doily us^^^i(^l^s oO 1minclnpuiotivySin1ingynO dltntestr0forupacqoislf1opof dPA.
WOsen tasted two wete otior surgery, the 8 conlro1 ras i^ook at lrast 168 src to Sisk
(Mxn =1 788. PtcSE = 373900). All arPRhrutySlelk1nluss than 95 sec (MSt = 34,

M-H. = 61 ±7). TOte oACe group asso o^^^oi^^d sooner than the conieol gnoup (Rango
50 - 220, M±SE = 111427). Despite the appoorntly gorater ootostion of dPA Oy
eonf•oSc. Shoy did not roacquior dPA with fewoo FS trials (MESE = 3.25±0.49t tOas
the rlPEO group (M-SE = 3.67E0.24). TXe rACe ^usp ei^^iioStyd a mojoo erficst in
eP^Ary uequSfng32.0±3.C OStoavoid^^s 5 min.
In oodeuuisitlon, the oPRh ants detively avoided the spout otter the 1st FS (3 rots)
or 2sd FS (tOo oSOro 6) and tii^;r exhibits. appoo^^^avoe^^xc of the spout os that
trial (6 oats) ooattvo one more FS ((he oOher 3k Thse leslono appesoxyd to colter tha
"stnS^c in whicStnemooy oO Shepomisemrnt rfsnmgddcbwas Xeivgretrieved.
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AMYGDALA GAB Aa RECEPTORS MODULATE RETENTION OF
CHANGES IN REWARD MAGNITUDE. J.A. Salinas* & J.L. McGaugh.
Center fo. the Neurobio . of Learning & Memorj aad Tept. of Psychobio. , U .
of Cahf., IndncCA92717-3800.
We have previously shown that posi-treming amygdala reactivation
impaisr memery orr reward redurhan. Jn tee reeeant rtudy wer infuedd a
GABAAoaonjst ^^s^snyotol, MUS) er antagonisr (bicuculline meehtodide,
BMJ) into the amygdala i^y^f^dlaei^ly oftar a reward shift. Rais with bilateral
vmygdaaa cannier wree Eiieed or run a straight alley for a large or small food
rewr^. In Eopemiment 1 raSs in the lvrre-rewafdgoouo wree shifedd to the
smal 1 rewardd aad received aa infusion of vehicle; or MDO bilat^^i^llllj into the
amygdata immediately after. S0it'tedeehle1earyIne1s displayedan incresee in
ruaway latenc-sr compared to unshifted coatrols. In contrast, shifted MDO
aaimasr eisplayed latennies
to unshifted animaSs by the secoad
posishial day . Thsee ^Ieniges uugesst thal muscimol atteauated the memory of
the reward reduction. In Expariment d raSs were trained as before excepr they
reeded d BMI immedlatel y oreaJ reward raduction. Ohffted BM I animals
displayed elevated ranway laeenntes compaeed to shiaeed vehicle animaSs by the
second postseial day. Thecer findlnss suggst; that. BMI echvsceO memory of
the reward reduction. Or Cxpenimea t 3 , aaimaSs were trained as before except
they first experienced a reward increeas be^oo^ rer^^ei^ing piitittraislnr
iajectioer off
MUS or BMJ. Onth^e exxt dyy the rewadd was reduced.
Despiee re^^^nJ reducEDa. shifted BMI animals persisted displaying low.
latencier for more trials than sSiftedMUO anImals. Thiese finding, suggst. that
BM I enhanced memoy, for the reward increvse. Further. the fmdiags suggest
that the amygdala and its GGBAergic system is iiivolved ia memory
consolidatinnforbhlOponieivcondnegativeaffereioeexperSences.
Supported by APB fellowship 2-T32 MH 18882 (JAS ) aad PITS MH22526
(NIMHanETIDA)(JLM).

^?IO)>I^ATBRAL AMYGDALA LESINS BBOCK GLGCOOCOTICOIDl
INDUCED MODULATION OF MEMORY FOR SPATIAL LCARNING. BL
R_OAzendtVlr*, G . PortiHo-Maruuez co O J.L. McGaugh . Center for the NEefobiology
oof Learning vo O Memory, aod Depp. oO PIyrheMolAgy. Doiv. of CaIiforcIa. Irvine CA
92717i3770.
T^hiSr study examined the iovAlvemoat of the amygda^ io the effects of
gtucooorticdids on tho Oormation of mymary for ^^^'^ial -aasnlng io a water maze .
Malo 0praque-Dawley mSs weie gv-on tiee trainmg ^^^^Sr of spatial Arieotatioo
^e^a^O^g Oi a water maze. aod retectroo was tested 47 h
Removal of the adre^o;d
gaands (rdrenalecSomy; ADX) 4- 5 das r prior to teaming ssgnlflhaotiy impaired
memoy. Oor this task, and immediate posstealning ss^^S^-^^^ (s.c.S injections of
dexama-hssoee (0.0 mg/kg, . a potest synthetic glult(shi)riit^oe.l, attenuated the memory
impatemont . Io cAOttrsr, inIectiAos of costinosterooe (0.3 nagg/g) w;ere ineffective.
Neuroaeymica^y-iudeeed Seoisns ofthe bssoIaeeral BBLALbot oot of the ceotral
(CEA) rr medaal (MEA^cc-us s of the amygeaIa blocked the mo0dlatoty effects of
short-term ADX and O-xamethasone r0minSsteation os spatial memory. These
findinsr are hocsisteor with previous evideoce rear tth deeameti-assiOle-l^lduct’0
-ceancemen1 of memory for ichibitofy avoidance teaioiog was also ss-ectively
blockOd by lesions of the BLA. ATX also impaired acquisition performsc-e in the

water maze . ^i^;io^isr of the CCA . MEA, as wel 1 as lesioos of the BLA , rppe'ared to
block the impairing effecSs of ADX on acruSsition pelOormone'e io the water maze.
AcquSsiOon and retectioc perli>tma^i.'e were cot sSgniflcrotiy affected by BLA lesions
is Areetwise usteeateO roimals. Io cooteast, lesioos of the CCA r^^^^^ted 0i both
Oenic-cat acquinitinn and r^t^^ltic^n oetformaness, and lesions of the MU resumed is
as impaired retectiAc. These experimenSs ldtaher provide ^^^0^e thal the BLA ss a
critica 1 area icvolved is ictegtaticg aotmosa1 icfluencer oo levtcing aod memory.
R-is^l^£tt(^h supported by as R.W. and L. GYe^a^ ^^0^51^ (BR. acO USPH0
MH22526, NIMHanI TIDAULM).
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OTRI A TERMINALIS LESIONS TO NOP BLOLKBENZODITZECINCINDUCTD ANCTROGTADE AMNESIA. O.Carmjv Ord J.L . McGaugh . Cenrea
for the Niurobiology of Learning and Memory, and DeportmynI oo Psy^ho^ogy,
DnivesnilyofCoiiforrir, IrvlcE, CA 93717.3800.
Cxtensivr e^^O^i^^ee i^^dK^^-sr that benzodiazepines (BE). induce anterograde amnesia
when administered sysremtrall y or Oirectir' into the amygdala before traralcg.
Ff.lrthe^yore. lesions of the amygdala Mock the B2D-tnduced anlteograde amnessa. The

LARGE LE'IIGVIORAI. COSmOS OF THC AGYCYXELA ANT
MCDIAL PREFRENTALTORXEXON OITNISITESIA01S OF THC
BOAIN TO NOT PRTCENT ABQUISITIPE OI7 CCP'EI'^ONAE
BR AIRCGARD IA. Morkhhaci•hc0*, P.A. Poy-e. L Jamss Penney,
Nahra Saleem &. Mikk Kachmyrek.
VA Medica 1 Cenerr acO
LIoivessiry of UouthCnrvl iEa,yelumE1 2i 2C 29208.
We reported at last year’s meeting that ui^ilat^e^j^il 1 le^so^no of the
centra 1 nucleus of the amygdala (Ad) and myeial ppeerontal
corexx (mPCGOn n oppssit el0ees o f the braid diminiaeod bur did not
pr-ven t vhquisilOod of conditioned braeycvrdia. Theee Om seemed
to suggest ss-parat- and paraHel chiiIaol oO coA0itione0 beaVycar0ia
by the amygdeIa anOmPFC. HsAaher, chnsoctlAos bbtweeo mPEC
vo O the amyg0alr originate cot is the ACN (except for its most
ventra 1 aspecss ) but in the bereiathaa1 (BL) and lateral (L) ouncei.
Thus, in ttie poeeeeI ehpeeimhilt unilatera 1 ^-^so^no wero made on
A00Asieo SOder oi the brain henteeod or the mPFC and the BL anO
L unecei oO thh amyggeIa. One ssesSon oO differential heaar rate
(HR 1 hAodininning wso ndminiaeered,i n tehiah Ooms servOd as COs
vo O poraorbita1 shock sseveO aa USs.
Allhough laage biiareral
lesions of tth amyggeIa comyieeely areOlsheO ccoc0niocv0
eav0ycafnia, unlIaearol lesions o f hho mPFC anO amygOaaa on
opposite sides of the brain again diminished eer did not psavent
Ahherrenve oaeh-decvieeaSivh OR oneO itionedresponse.

stria teriiiinvlis (01)1 is a maacr inputroutaot pothwav oo 1heamygdela. ST lesions,
similar to amygdala lesions. have been shown to bbock ttie nmmory enhancement
produced by hormonal avd neuroteavIminters syrSams, m^uding avreecegic,
cholinergcc , opioid pepnidargtc and gldcocorttsoid rertyms. Such finding. impf- that
0T lesions should also Mock BE effects on memory . The present study examined this
eyootheni s in exoerimaair using two tasks, innibitoty avoidancr and spatial
orientation water maze tasks. Bilateral ST les^cs were psoduced fob raVio-frequency
cdaaeat ia male. Sosague-Tvw-ed raSs aad one week later. ten minutes prior to
inhibitory avoidnne e trainino (0.45mA, Ssl, rate aeceived injeattoe s o f saiinr or the
BE agonist mlevzoIym (MDL, 1 mg/k, , i.p.) . O n a 48-h retention test. the retention
latencies of 11^4-^1^11 ^^Sr weee lowra than those of saline-treated aars. This BEiaduced retention impvirmenl was cot Mocked by ST lesioas. For the water maze
experimem. rats pretaeatee wire MTL . receive0 fiee t^^^^ig g taas r to find the hidden
platformi . The MDL impaired acquisition. Furthermore, this - BZ-induced ac^<qi^^^:ition
effecl was not Mocked by ST lesioas. On a 4^^1- retention
MDL-treated rats
were' still impaired relative to teeit control group. Thsee cUm sugget 1 that the BZiaduced memory effeair are cot dependent upon inlay ST. These data conflict with
those of many psavious sSudies eeaminiag drug effecSr oa leaaalcg aad memory on
aaimals with ST lesions. A possibtr explnnation orr ttiSs discrepanco ss that BZicduced vmcesia is may be due to aa imyai^yenr in arqutsition tateer thac
modulatioaof mn-nors otorege.
Research supported by USPH0 MH 12252) gramsNIMH ANT NIT A ) to JLM vsO
MH14599 AMHHanENESAI to OC.
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CXCITOPOEIC LESIONS IN THEBASOLTLERAB AMYGNTEA SEOCCTIVELY
EBOLISH TCLg ^'CED CONDITIONEDEOSTE ACTRTIONSIN RAO'S M. Foy1*, 0.
Maren2 and D. Mitcha1ll3 tp-pt. of Psychol.. Loyola M^^^o^^t Univ., Los
Gcgeter, EG HOIM,, 2ie>ept. o F Psychol , Doiv. of C;Vl0oama. Los Angeles, CA
90724,3Dopr.oSPsych5l.,Unio. ouSouIhcm Caliaonisa.LosAngeles.CA 90089.

INVOLVEEMENTOFTHE PERIAQUEDUCTALGRAYIN FEAR-POTENTIATED
STARTLE. D.LWalker* andM. Davis. DeEt.of Psychiatry, Yale
University Sch.onMed- NawHavep, CT 06508.
Tha ^<^<^is^tict Ptartle t^sn^ai^^ is reliablfenaancealwhenelinited in
the presenceoP ocaeprsvioysp ee i renwisherrxterateiyietense
Oostshock .Le., Peas-poteneeCeP stactletl intarestinglyi c^^ici ng with
higher intensyyfsofshocks er<teucer reeatissly (soet t^eentiatedstprtle. Becasee tecenteviaoncesungesrsthat particplarlyeversive
stimuli 0^801^1.^6 dorselpreral periequeductrIgrEL(dl-PAG)
and thatbehavicrsasoociateN cithdl-PAGectivatipy may be
incsmpatiblewifh etartle.wehycetheeincd thmt stimdi paired with
high-intensity SootcSockmigPr slso acevcis thissystem andmterfere
with the expeessins orfess-potentieCed s^^^lSiTo fest this
hypothesis, Nvo esderimancswerecendaeted.
In Experimnnt I, gata received UO Hobt-shccn puffings using
either msderaee (0.6 mA) hrh Igh(t.6 mAtfsotshscSs, followed by
exoitotoxio lesionsogfae dl-PAGorshdmlehLcalWeeatrai 0.6 at 0.6
mA, fe^i^^pstt^nt^^t^ci mania was m:>mpardble inbofeseamandiesioned
aaimels.Waan p^^i^^ at1 m mA,howeveriantreatiated aCNPie was
retiable snly nc iesioaedraCSlBaadlinesta^lp wesunetfeated. In
Experiment Il , rati ffnined at 0.6 mAweretestsdimmediately after
ii^^i^^^E^^ ineusios ei eiries ^i^eir^^ waron er ae exaHatory nontoxic esse o-kaisldacidl Koieic aniU is^^^i^n^ slanOieantls (disrupted
fear-asgeatidtee nrcriiebut dianofaffectbasei.de ma rile.
Togetheri these reeultssugpemthafteedl-PSG map bvietivated by
s^i^eli associated wiiS partleularlvaversiveevents end foat this
activetisn may
wichthx capreasiono- seen-potentiated
sterile.

The amygdala mediates a vvrinVy oO associative anO nonarsootative learning
processes, including conditioned taste averssAOs (CTAs) and taste noophobia.
Previous resevrch has shown fhaa e-eeteoiytic lesions ic the amygdala disrupt
immedlate CTAs io which iilcess immediately Oollo)w'S htIlsumpnion of v novel
solution, br^t: thha excitotoidc leesono do nol. However, the eeTc<trs of amygdaLa
lesions on dd-ayed CTGs io which iilcess follows hoosdmo>tion oof v novel solution by
several hours have nco bbev ineevtiggted. Niven rhvr long delay leaniing is a
characteristic of CTAs vo 0 theoretical assertions that d^tlv^r^-0 CTGs are me0iuted by
noovssAtivtive processes (Mitchell, Icoti & Mitchell, 2971,, we revsoovO that
delayed CTAs would be eepoeia^y sufceetiMa to 010x ^013 damygr. AGChtaing)y,
e.xcltotoxic lesions were make in tth beroiateeal amyyrdVa of povtoAarMialanesthetizvO male raa^^ urine .V-mytayllD-usovtrvre; cAotiAl rats received sham
surgery with no ddad 1nfilfioA. One week foUowiog recovery faAm surgery, half oO
the rate fr^om eaah groAd were mm^^ill withLiCl injeetions adminlnSered etnr^c^r
immeOiatdy or 4 haAfr aVeeconsumytioo ofa voseIsaevhaaln soSution. NEephoMa
cootiols were surgically ^-^-0 as aMove, Mu revc-ved no sevhherin oo L)Cl
tre-atm-of All
were subsequently administered a two-bottle preference tt^^^
(water vs. savhharioS during a 20 doypertoA. The rc^j^^^s showed thal bereiateral
amygdala lesions blo^^v^d both t^^^e noophobia and delayed CT^ , but had no e-fti
on immediate CTGs. Thsee datia 0-140^^10 that taste neophobia aioO do-nyed
CTAs shvae a common nonassocivtive process rhvr requires oedaoos io tt^e
basolvteral amygdala, vo O supiport the thehsy thha 1 ^mlyeOate aaO delavyd CTAs are
<0nf'ereotially modiateebveotocivhvodnAnoeohsocIativalolnmgpsescesses.
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THE EEFECTS OF OLFACTORY BULBECTOMY ON THE
ACOUSTIC STARTLE REFLEX AND ITS MODULATION BY
STTEESS. K.A. McNish*and M. Davis. Depts. of
mid
Psychology,YaleUniv.Sch. of Med.,NeTHaven, CT 06508.
The efforts of olfactory bulbYcitomy on the acoustic simile reflex,
foar-potentiaied rtartie, and s^dck-ir^^icc^nd sensitization iff the
acoustic startle reflex were eaamtned in a series of three
ex-Yiriments. in Experiment 1, bilatecat olfactory bulUectomy
resulted in an increase in shracourticalty eltci8ed startle reflex
relative to shtsa oo^rated controls. Thee increase in bcteline sstsehe
was persistent for up to five weeks following the leeion.
B^Hect^^a^^^ed aaimals htwened noanal acquisition of fearpotentiatixi stsihle but eeOes^cusS context conditioning relative to si^^ia
operated contiois. In Experiment 2, olraaio^y bblbboiomy reeutted
in at increased sensitivity to footshchk-induced seoxirlzstion (0.6
mA scc ! 1.0 raA) of the acoustic simile reflex relative to shcai and
uoopesated contois. in Experimcot 3, bulUeciomizsd asim<N.s
shows! shake sensltiaaoion to s shock level (0.3 mA. winch d^d not
enxUuee sensttization in sham and unopefated c^^n^ols. TaUten
togeheir, these data suggest that oOlactory bulbectomy reuuits Ci an
iocrensed vuieerability lo stressors, eerhaps bccau se of a
disinhlbition of the amagdda. Thus, thh olfactofy bulUectomy
auxlel of depressOon may share some similarities wthi other stressioducixl mxdnlf nedeprecsion.

OE^UHFL PREraONTAL CORTEX (aPFC) LESIONS FOFLOWING FEAR
TF^C^I^IFRCIGINGDO NOT RTTAUD EETITCFCON OF THE FEARP^TECT’n.EUED’^^.TIETLAE^I^CS^NSE. J.C.Gewsrtz* &M. Da^’ses, Ee^-tsSi of
Psgchiatgy anX Psychology, Yale University Shh. of Med, New Haven, CT
oaves.

Adhiough the idsural sngtems inuolvcd in foes cooOitiimlng are relatively well
1^0(1111X1 i auch less is ksowc atout thh nuYurisyslst^ninuvlvied in eotincitou of
conditioeed teas. Recentiy, it wns shown that mPEC lesions made before
Nuquisiiioo of conditioned fssr it^^Soi sntLSSluenl eetinctiioi oO lut0StironcS Herring
(Morgun, Romoskri & FedOoux , 199^2)). hfe present study exarninixi the effects of.
lesions of mPFC on eeXnction oO anoOihs eonOitiooixY response feYStpoOentiated
stNtle, when the YttOuiiweoe mats tYto: qusulsOOoo of conOiYnntSIfear.
In each of IS! asciiUsitton ssosssons, itSs were given two presentations of a 3.7-t
light CS which trsminalod with a 0.5-s,0.6-mA footriKOik US. To sttetn fearpoiontNoxl startle. esch session also included presentations of a 50-ias, 95-dB
tirrtlc-el-ciOfg rtimuins aOdee, end of hte ssaie stiauius in thc presence of thc
visual CS. Roil showed a gradual increase in sirsete to thh startle-elidting
stiaulus alouo (contextual uncditionifg) cad sc adSirioiNl gtsdiNi 80001.% ic
startle to the ssrne siimtUiu; psesnnltsd in thh prefsfcc of thh H^gh (explicit cue
uouditioningi. OnhYe torsi os their tioraiual leads of fcsr-eo^l^ni^^^ startles rats
were aaiuhcd into two groupr. dc groou receivvd eleourolytiu lesions of mPFC
(n=24i and the oohes group recetvved sShm lessoox 1no20). Both groups nectiveX 18
extinction
, sisrricf one week after snuggey. These were i<Sccti^ to
acquisition sessOonSi
that the US wjn no looofs prosified. Both groups
showed gradual extinction of fear-potonNatedsSthYe On hte expiic1t cue send to thc
feperauotsd uontexSl O anSitiooii theg stowed eeqi.uvr.lodt "reinstNieaenti of fcarpotcdtiatrX siarhlc when tctesloX one toy after receiving V presentations of the US
Sone. Hence, undei rhino conditions. lesOons os the aPEC XiX cot leave any effect
on extirction orreiniSataYcnt ofcondOOssnetfear.
Experimotte rto uuerenilg undet wsg to evaluate the degree to which the ieOe of
the naTC in eeltnctiou dar^nds uuon thhlevvl ofinitialexcititNroi cunditioo0ng,
the modslitg of the CS, the iratiuei oO thh eooOStioned re:neouse, Mid when
tre aanereSitiveOoiYe rnso ofcxtirtg)un xonditiosing.
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FESSIONSOT •Es^^F’Ad.C^^/ATCCBFTCX^L^CX^KCE^NE^ICIT^NIFC EXCITATION
BUTNOTFOMFCIONCd BTFCsTIONOF FEARMEATUREAAWITH FEARPOTERT^ATEDSTARiWT. W.A. Fh Us S. K . BWtksn. S, Webster & M, Davis.
Uept.PsyehoOogy,NhethemlOiinaisUnireiditx,DeKiae,1L6011CanO Dept. of
Ptguhia1y,YYaUnev., MAi.Sch.,NewHavee,CT 06508.
Elhoulghmuhhisnnodsatouitheu1UlnLisfitnnetrninoneintefYrUleacquilition
snX feprcsslonofroadrtntnedSee^, ltttteiilalosetuboutiYcnesgttsntlemsresponsible
for thc dhubtlOnnofSear. FolinwSigc coodiXochd dOObitOoo u^ocedurrinwhich a
light isre-raitd[Hyparred wttttfUsscklS.e.,lightoi Nndallfht-nnisscompnund is
pectectsXwihourtsOusk (i.e., noise-rrhghlti,thonoiiea1fuirel^he gbOiTtb tnhibit
frsl•-f:nitentiatedsI1rYeto thetighi inanYise-htighiilsntnetionIssi&UIs& Davis,
1993; N^f^uroscL^bs. vol. S 9,
PcrithClali0tteex(esinn-e1orm(ne0 Yfteriigni+iSo1kiraglblgSloakfohf-potcnSLated
tisrtlc. However(S1leosr)ttiSiYnaSstartto ihtheiighieeYbere-cceaired. Usouse of
this, it is-nstsib(etousa nsnmmadoe testtocstesswhelherlesionhoftheroslrhinal
uortcewillrnscep-prenlouslyacqeireOinrnOit(aneh irSrtnillon. FftYwYregi ven 15
lr^t^l^4^:h^l^l^ ^artrd^gtileI^hcn ot^diys OoKawgdbyconditioneb tnhihiSicnt^aining
uo’ctistingof5 lhths+ trial. (1a^Yieedwltht5nolsghs-ltiSli OsScoo ^atof 5 days.
TrntOgouuurredlSgyla1SlI AtIsathrhYwudaonditioned foahto lie ligXtaidebined by
greaterstsrtleIanplitaYeinlYepresenee ohtheitghtdlro inietabsencel mi rats
thow(Xcr)nditineedihhibilion oSSt;er,ddYman ss^uut^^(^ilcnm fenstO>thrnatiat lsmse to
thc lightwhencunnmpcYiebbydonoisc. Nhtl, hathotttte ratswe^eg(V1ndsrirhinal
uotrice (esionl oxi ha]fwYnsSlaoo1SttXeA. AUra^tvcre:X1«t^ wesk Aier. As
sepecttaS (nsinnsoSiYepethiCuld1Ole£xbl(KkeS feostOlS:naated llaiOleto lie light.
Fo eachofhte eext5Says, Yetnlawerereriainadwlthlighi+tiarih oO Otnofu^ther
^0X16(0^ OhiibiOon Saining. TeitinuoccxlreXi lStelatYr PcsutiOnalcortox lesioned
rati ^c-auquireX ralr-ph(xnSatedsI1rtietoihelighn0nadrtgsiiy,tnenul^conditioned
itoibitorreSld(aditsbbiiilylohrhibit fepOtedtentiateS stYsnetoth1rxYxlnrh light.
Athoughhie p1rihhisait1irXxiscriSc<n forislt-ctp1aomslnceoffotYiptlfaliated
ttsrtlc, it ^txth.ii^iiaal for iYsexosnssion orconrCtianxdinhlXltion.Wehavs^eported
that lcsioxsofhtecxnS■aicucle:ur 0101^^x ^111^3 3110 SnllttiYrehhftleennpretslon of
uonditioisdinhbbi0onls aretrctaediightlFdlsai nSlB^ih,B^ha'^. rb?uro5ci,109(3),
379-387)s Hence.hnhiblnoooSfe;n•-(nrrtndailtt leanleislikelutoYiCla• dsewhere in
ths frsrl-OlYnrslt<alsSlrttepahlwdy.

TUEs EEETC^L OFETC1TOCOXITLIT;IONSOF PITAITRM CORTEX,
T^^(AdIH^CTA^(^]RA^X,E^^ MEDIOLTHATNMULON CONTINUOUS
TLFTC^ORT NO^CUlATCHINGTOSAOIPLE (CONMTS) AND
D^]^i[MII'^yClySt)N Y.P. ZAangc and . R. G. Mair. Dept. of
Psyhnnlgey, Unie. ofNew Hnsas Cire, □.rltam, NH 03824.

LEARNING AD DE^MTR^Y:

Forty-gihnt male rass ware poe. sro^inod on a go/ no-go
CONMTS sAsks Rata wero malched fsx performance and
gxslhnod lo ono of the Xo^otPtng treatment groups
(N=8 in doh greupOx
nxxtSoSoxiclcrioe.s of piriform cortex
(PIR(, enisrhmal cortax sENT., (mesal. internal medullary
lamisa hS thas amus iLrtllLt, medial dorsal nucleus of thalamus
(MOnTo 0008^^(0 nuclai oC iSalanwh aNONS), and sham
uonttols CCON-i Aftdr resuvery from et(lgery, the rats were
retraioeO of OONMTY and then an a gtt/no go discrimination
trainad hsStn acoceauuhe moIihcd to CONMTS.
InttSa. anaiyias 011^03X1' that only the PIR and LIML
grous^ to ere signlftnastiy Ompaired on (CONMTS. The ENT and
MDn usonpa shswed transioxt impntesnunis like those found
io an eirHer otudx lor frontoi c(^lltcc^! lesions. All groups
leaioed the ^0.00^1^ tasS a nnrmiU sates. These results
ate consistent widp tiie hyooShosis twai olfactory pathways
bcynep oiaUnl^m cortes aro ^cossara dor olfactory memory,
bus noi ntisromination.
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UitOlhibitlxn ol rctofoutilrg brain trmtuIatlxn roUavTn gitt^oxns Os rhs region
nfthetubtonIsamlnStidsxcnucteusahOOAe CAtsoglhnoSsnu aipuocampus
Wigne.' U.. 1 ZinmiiarTXll P . soX UuttnXl J.P.. IIisilttUd of Phydtolofturl
PiduhologylUnivtnsityodD1trleldosf,402d5DilsntldnY,Gri■meEy SEBBS)

OE^MA^RY ENHANCnNGEECTCTLOF BLOE’ETIC ACID LESIONS OF HUE
TTaJEA^L^OCtyl^I^^ILLARaO EUCLEUS AND EFCECTS ON BRAI’
UISTOMENE.J.P.Huoion.*. Ch. Fri^h. . H.W.M. Ateobuic:hlS . R.U. HasenohrU
EueopotT nerSuais SAh<orl for Ncuro^nueuuc Lf. ’Brato md BJ0hsior’l ’Ioti.
PhysOo 1. Ptyehology, Uni v. Dusreldoif, FGG.; 2dtepi. Psychiatry tnX
^l^uropduhnor. ,Univ. Limbura,Mahsrnehi,Sr'hcNxiherlands.

Ths subxuulct of die tuCerom^rantllrtd xuclcct (TM1 are
T ihs
eotrrrint part of lhehtdPnhaIlsa^]u.TThnxocioxoO Shii nuded lrxlxrvaIeeiltextivs
erttt of Xic berio with several rtsntatttctt md they
the oniy
of
httirmTiigic projicitioni T ths berio. Arceist rrc prcteuten 10.18X1 with lrtetrl
hdeothaltnlic teO-statuIation behavoon T rats followcre lTlIatesa1 (esoons T this
regOon soX in thc hippocsaeu.t, which hrs beou describee ss ths only iesilrisral
etnjrationat■eaofhie’Os^.
A uotlristrl slrett^oldOtKi lesion ol thc TM led to so tettlri^l^^l in^rr^s^ in
ifO-timlulallou behavior ^r^fpootnig wthi thc first posi-lesion Xry. Rsteonse 111^
uncttnc«cS lo risnfcotwawasfsperi-lerton. in a noHow-up trued ihc cffeu1n ox teO'trtaC;Sitni wwre rtphcattsS
lesioOig the TM with tentsniu rdd, io^i^^a^t;nig thri
it lOe;to'vY 1X8^.8018^1)^1^1^ effsds io bohh exesrimrorn arc bsssd on thc ecsttuuitoc
of 801180.^ cells soX not on fibCTS pias.str^g tthtougi She ie^tt^o^icr Mea. A projection
area Jpostbly muolvisS in nteob«to^<vSlakt^aS:rirl ampSi0lcrtinc of berio ttiaulriioc
rowate is iheCT A iiefon of 1hehlppsnisnpl.us FoOlo-^’iuf a uxiltteral ieotcmu rdS
lsniou io tthslniecCtcewaonetsvvii m inoueistimbsa• presntcf oo ihc coutrslstsrsl
tiSs of ihs lsniou. Thc lsniou XtS uoi tssuli io a jg-ester resitteoco io set8duttou;
thun it is likkfy theltheinxresrniitrisnpounratescmbeinttfpreieX tn tceas ofso
raelifiratiun ofhte rewirduig aatse of basin riimulotoun md nol T iotas of r
esspo^ efttYveration widcis htn boeu XcsufiesX in r result of ^hppocaaerl
rblrtiou.
Fue rends snugest idetiheTM logeiher with the hippouaalpus exerts an
tohibitotg uouitnl ovsi lstsetl hypnthrlsmiu sel^^s^^^u^^tK^n. There recutts are ihs
first io ficunoum inhibttOIyeimexntxlhil ncuselcubrtratnffsefoforcnment.
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The tubcro^aasiliidy nucisi TOS1)are O^i^ed Oi hie so)sYlrior pah of the
hgsnihiaiamus tnX provide thc aato source oil neural lhstaianf (UAf O thc bearx.
Fur eeperiaYnn eeef^laKdi wthi bilateral lotions of the TO region eevrs.fxi a roll
of the TM system io learning md mnca»oy psrouss<e>. Thane lesioos f^t^d^^tstsX
tohibtOodn ^01.10^1 SY!fOonmcnse surd tmproeed Oong-lean setcnOnn in a spttirl
e8tcrim0ialrun Ytti to toth atuR md agl rats. Howaovr| sinre ds-Tesioos wots
poffoaoee, i t wns ool possible to podit tt the TO neuroot as resnPrutiLle for ths
objoirstxl efSccis on lsaroing toX memotg. Thun, die oOb^tiv'en of a foOlow-up ntuXg
were twoifold. in order to XcisraiOte whethei the fadltStiOon of ltstodif was Sue to
thc destruction of mtriotiu TO usueout a biiaieietl itbotextc aciX lesiou of the TO
wan porfornoxl ioS ths rats were troissi along with snem-1lsuonsd controls ox
SifSeexot vesrOons of the W^oetSi watei as&te tank. Iu oeXcr to detctrnioe whether the
^e^^i^irOe^i^el offecis revtalsd upon XcstniciOnn of the TM morons inooOvc
his^t^ami^i^^c a^ic^t^mt^mi uooisuttraiOons of UA tnS HUC weee nctceatoKxi io
SifSeexot brao refioot tuing iImnlUio^httochcmiiaii msthtshil The atio flnXiog oil
this sbjdy wn tt^^S raaswilhneurotonic ieesrno oO the TM showed nt accelerated
acquisition rate O hhe course of p>ace learOog ad m iEmsttvcd ability to locate tho
elalfoml site Suetog a snp^^ii^I proto 1rial. Frrthh^ta>re, foOlowdig XostructOon of tho
TM regOon
io HA and HDC conueotrattonn wore obsorvii io several brato
ecgOoisr, indudifg the sits of lesiou to the TO, bcssl fotebtstin nudei aoS
hipsnuamscus. These result ioXt^^e that the faailliatorg effects oo learoiog
foUowigg TM leoiun ere basxl on thc d^teudio^u of ioteiosiu TO neurons tnS
suggoit htal ttnfSucilItationmnLlto seisliol to lUx hincOo^oh Sht hislannnnsystem.
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SELECTIVITY OF SPATUL LEARNING IMPAIRMENT IN
BATTS WITHLPSIONS OFTHNMAMMILLARY REGION W

Szkdas* M, Petrides, andP, Jackson. McGill University, Montreal,
Quebec,Canada
Rats with lesiova of the mammillasyregiov(MB-R), ths dosaal
hip^p^oampuus (H),or a covtrot operalivn SOC) wetetsained vn a spatial
eondttivnal aasoatatsve teaming iask tn which they hed io Isarn to
ssapond to ovs of two visual stimuli depsndmg on thetr localivn vt av
open field . Vn a seeond study, sata with similar lesions wsre trimsd ov
a placs learvlvg Hai which required thsm to locats a ludden platform
iv a pnoo oo opps [up wates. Rata with damage to the MB-R wsss abls
to acquire ths coaeltional assoclatSvelaak at a rats compdrabSe to that
of the OC animate. The H ggoup was siggiflcaatly impaired iv
enmpariso n whh bohi ths MB-R avd the OC ggoups. By covtsaat, both
ths MB-R avd ths H ahimala wess siowet to acquire ths loeation ot ths
hidden platfomn iv compasiaon with tie OS group. Takev togethes
wtth easliea fivdmg s from our laboratory , the pssasnt reaplta suggsat
that damage to the MB-R impairs ths ability to learn and remember ths
locaiten off spatial eues but dcms nvo affect the cahpaiiy to dlscoimmhts
betwsv n narticular vteua1 stimuii , dspendigg on ths locatiov withm
whichiheh a reomdgdded.

ASSESSING TUECONTRIBUTIONSOF DIFFERENT ANTERIOR
THALAMICNUCLEITOSPATIALMEMORY J.P.Aqqleton*, S. Nagle,
NiNeaveandP. Hunt, School ofPsychology, University of Wales,
C^«arcJiff,C^1s3YG .
Rats were prepared with neurotoxic lesions centred in eithe r tine
anterior medi al (AM, n= 8)) or the anterior ventral (AV, n=8)
thalamic nucie I. nhesewe re yompeied with a furtCer gtou p o) rats
with neurotoxic lesion s ie both neulei (AM+AV, n=7) aed a group
of snugicai controls (SHAM , nnii) . The lesions were proeuced by
iejectin g N methyl-drasuaftate aaid (0.12M). Foiiowieg recoyery
fryoi surgery the rats receivee 113 snsnion s (6 trials/sesse.n) of a
fyod rewarded fo^r^c^^^^iai^^tr^^to>n tas k in a T-maoa. TCe AMa AV
group wen seveeely impaeed thtouguouttn is rrainin g, but the AM
and thee AVgrouyu displnu'aolequivflerrte mild impaamentS) The
AM and AV group s weee aWe ty match ttie SHAM animals by the ene
of ^8^^) A series o , sesntees usieg a crossnshaped mazy thee
ooofomed hhat the SHAM, (VV, and AM animals wree abe e ty use
anocentric cees. The four gyuups ne re ICo n teseed i’n the errsnmaee oe aa egoceceric diecrimination ane singie reversal (aawayn
turn ite oye direcrioo, then after reaahlnn cr^itlteiyn always turn the
yther way)i Note yf thh grouus wwte imoalredI theAM)AV amnials
nhowing a shrift advantage,
hie animnls were tested on the
radial ami mazei where onlothhAM+AV group shywed a clear
impaOment. The resiIth lulpfo confirm the imuortaoee of these
euciei for aHocenttic memory tasks, bui indioate that neither
euciuus rc preeeminentiy important.

761.5

761.6

E^ih..ISK)RYIEYED\R^APLSR^2EtI^O.\'SE'rAI^PaS^lLSSJrnt FOLLOWING
MEDIMh THALAMIC ANDPEEESONEALCORTICAL LESIONS IN
THYERR.AT. A.A. Steveis, R.G. Maire. Depi. of Psychology, Univ.

thy ; d fyehs
MSTMOISFORMEASURING THE
SUk.nhCn\FIMAGNrSODEOFBFAjAI STIMULATION
^^^1.1. M. LL&tht
Rs Gailietel.Dees. gy Psychology, UCLA,
LosAngelas,CA9009e-1563.
ThedtrectraesefL fos
euVSecIiherew^vamagnltude as a
fpncisanof stisnulatiod agaetuthusesarwOlteve^chhice paradigm with
eoncusren lvlaSabla mleraih rchsslu tes oSrewsrd. hherataUocates its
timebalweeh a "atrsteaad"tevevdelivsWnerewarda ofalapdmagnitude,
avelal laltentste" Uver deitveriagrew<h•dstyat aag^umngnttude over
ts-ials. Tgevaliyisy .s lhegspceduaasastsoa shaassumption that
spbjeciigd rewaramagnituhar and retative fa^^ss)f enmaad combine
mpltiplicaliveinlgdmetgnlas lilLeaSloceiionltfsais easumption is
eorreatlaraIwiilepuipsefpsa pahdcgSa^eewagdgeingdel"vered every
tsv secoeUath asewaeh hthf ttizs sizeae:ing geliveredgvery five
ageonde .Thirpgparimantwasdestgned totecttPiaassumption. The
readf inreIftStisnulaiing tats "mpth-SgIShae-Dawtey)wOsg electrodes
iv the laidsaihyahlhalpmhaandVTAsughesubjat ssbsa<^i^de reward
mhgnisugeaedagte of rewenacomaSnemultiplicativetywhen the net
vaSuefS aiiherieverdaosnptcausdthe ms' c aonse anbeatfov between
lsvei,ssodiffsr aymorethpnnpaICixima)elsgtLWhensheagtio of time
distributsaaasudtaraee thtelimtg tgeaecrssaiy asiumptton Vor scaling
spbjeciige w:wardappuaestgareakdDwn.Tgis suhhe^is that the
Lptimalpoeicpdueofoc laalingrewaedtstoaritgtameCdstagda^d lever
to de]VversewsffLtoneqgactes asoftee as thaaite^"atatevnr, tnd to set
ths rewdedaa"hestecldat■d tottcm&lrimal levef Tho eefact of this is to
nseventtgenetvaiueofstthu tena^SSom Vgcominasogreat that the
aalma^stima in^lca::s^tton saliodifltem Sy mote to on 6 to 1.

of New Pieinpshire, Durham, NH 03824.
To sdu du auyitom itivmory t m d rf dentmodel of Korsakoff's
ayndsas)e, 24 male rats were paelSrained on an auditory
eondlsionat discrim tuaiion tauu whsc! oequired the rat to
respodd ov oee ioeaOioo doHowing v a kHz tone and a second
locaoion foHowtng an st kHz tons. Retantion intervals (RI)
wese imposeb by Mocaing asaess to ihe response locations
aitdi a g iSs. Tteaimenls hsai uoled shsm co nvrol (CON, n=8) and
lssiaus ms madlao rsatl oS frontaV costee (MW, n=8) or the
latesal internal ^ed^^^^ro' iamipa if tCalamus (LIML, n=8).
Thsuggpout axienaiap poatltzrgiegl IratnSng, the LIML group
ahoweh a chsaeic field signirisant OaiScit even when the tones
rsmzinen un a nsd v raspanes ■waisns^o^t^. The MW group also
nefSoamed as oesa thhs tiSeCON otoup when no RI was
iostisute0 bot got tignificentlg to. Bath lesion groups also
nefSoamed poori. gctost aetentton intervals from 0 - 6.4 sec,
althuuhh Share was eo asodancr pf abnormally rapid
foiseUing.
These gesuks
tmat medial thalamic and
froatae co^aiuet lhtioes can erodhae a conditional
dissrimlnetton deSiclt even whem ohere is no memory
rsquirasoent. Becasse ths p IML nimPh was also impaired on a
rimpSd alsdilory discrimtnatoon, V .s noh certain whether this
deficit is the tev^m of as tmneired abitisy to discriminate pure
tone m^^muli.

valisiagng
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E NOVEL TWS-TIRAE MFAORY TASK WISHAUNOMFAED RECESRSING.
INOLUEEYE OO INI^AeiDTiSE INTERVAL INNEfeFATANCES AND
ANVISOFMTNTALTONTEXTOA SRSBEER OhSENTSNCOGNITION.
O. Dsllu, W. Mavo. M.P. Memo. M. Valise. J.J. BoursE M, Ee Moml avd H.

SS^I^^1SS^ION ANALPSIS OF WORKING AND RERYRENCE
MEMORY m l^HAE RAT: CROADDURE.W, J, Wiitsvsl*, S . A.
Bsadmniller. Ht. j.- Felovn, G . D, Evoas, E.- A. . Sh^c^^^f^r. & A , S.
Zieks. DspE oo Psv^a^i^ionic^i^la' Sc^enVer. ^ndtena-Pcsdue Univvrrityl
Ondl Wayye, INh9tG0S USA.
Tight female Spragus-Dawtey c^fa w ^^c tt■aioge supeessively iv
.wo
different bse^^vo^i^al t^5^if.s: spat^^^t altetOLat0on aoe visual
elacrarVnaSton rn a ppi-mazs.
Vn apatlat aligduation sats were
sswaeded ost ehoostgg dse asm oni uued on thttnrer^^os^s trial. Iv
visual diacrimasativn rats wsre r^war^^d enr saleciing the li^g^^t^
asm, the ppofiii^n of whiehvavledrandomly. ITds nesf experienced
ihsss two tasks on altasnate days, ti^(^^ combined iv the stcme
a^aalot)l yl^^e^tgg a behavoocal sessovn I^^(^utl^tgg the use of both
refereese Svisual discriminaiovn) aue workmg (sfalial alle^i^lii^n)
memory. inhu s phase iv whien both taste ware emplnyed , thie rat
was rewarded first for seasetmg the li^fis^d asm of the m^ze, ti^tlo
for selscfing ths opposite asm, avd so OL. Thus tfie coLtmgeoey iv
sfSeat chaoged followmg sach reioforcdr. Eeeh dady rssrion lasted
potil ti^^ rad received 4I retnffsdera (sn inoltil fres retnaorcer, and
Ih eaosed m iaShs retealifngatpepppropaiate esmoS the maze).
Rats acqum! ths sf^^l^^^l ^l^t^^tion tark more readily thdo they
did the visual disfrimlohtion task (m^cvrs . 8.88 vs 13.00 sessisvu to
reaeh the cetierino of 3 successive sessions cemptetsd iv feur thao
90 trials; p< .Oi^), ppobably reflecimg bohi ths tandeoey to altaltolte
spnutaneously, vnd an intiial blat to aded ths dask arm of the m^e
iv the visuul lai^lt. When booh taskswerecomaisiad, rads pergfo•men
eUP^aary well on tih^ workmg avd reSereoee memory taste in S^^f^iovr
)- 5 (maaua: 23.33 [woal0ng] us 22.63 [refsrense] triate to receSve
20 remaoreerse . SSerfacmence on hse referenee memory
necreased sigvtleaanrty by S^^^w^ifs )1 - 15 (wosking: 22.17 vs
reference:
triate , p< .0)) . This pi^oe^^re will serve iv future
stpnissehamio^lgthe etUefts ofamnssisn orntntSropic drugs.
[Yxcpptfo^preszntingautholS oedprodauthPhsSs alphabetical.]

Simon*. Eab. de Pc/rOeOSologis (tes Chmapstemants ASnptadifs,
--077 Bordeaux CssletoFtance.
E iwo-trial msmoty

U.259,

bm^ on p^tes oo- onSere esploratiev iv a Y-mazs, wsu

dsvelopd to atper msm^sy iv adult and aged rats (SSsllu st al., Braiv Rsa., 588,
0992). Thia pdsaeigm avoids ths uus oof eSiserie stKoeks or deprivdtleo ihht may havs
oeo-apectfia e'setl), and ths task d<nrt noo reguSre lesdsOvg of a nue. A numter of
Oehhvzoratpasmgeleriiuvssdrmza^luftscnuSdbortesothpa1automarlcally.
Rroegniiian te differently tIfSuaosed bohi by ths t>y>s of inOormatiev (pices va.
ebjset) hae ty thh intarstrirJ ini^^t^vl (resoogatiea reteatiea ttms). Oos ptecs
sfploraioon, rsee)gntnan waa t^ll pssuent at the 66 intess-rial intervd whessmt
sseegniiion Vt objsct sfploratoon ovdy apposed to lift fos about 4h in 2-i^c^o^^-i^l^d
rata. Msmety rseegaitOon iv old rats (18 manthsi
dam-sy affected b^y inerting
ths relentieo time. Raeogvition alao depsaea on the eevironmsothl eootsxt is
dsmeastratidI by the foUowivg sssuatr : 1) price resognitleo remains imaea iv qpits
of an intarfereot expIerdtleo (ovs trid in anooher Y-mazs sltuhtse iv miothes
sovironmant) Sstlwson hs houuisiison avd ths retrisvat trials avd 2) ooys^
reeeguiiOon is impdissn whsv the enaV^oamsvth] eontext is chavisd bstw^v ths
two triais.
This is of partieulas lotsssft iv the l^ight of the diud maehdusm suggsutse to bs
ivvolvd iv reeogvition i.s. determivction of
familiarity hae Stimulus
iesatlfimiian which ivvelv« retrisvd oof reS<^^^ contaiftash inOfodraltov
psoocfsiog. It iit alsu notewartty thhtcontaxtuplinfosnmlion prreo&ang alaeratioof
ass at tie hes^ ofagc^^s^el^^^ coomtive defcital Iv (eonclpileo thia memosy lark
eem0ines simplicity, rapidity, ssvfitivtty crnd high spscfficity ^d should bs uuS^
to ospro-sodpychophrmhooasiogists.
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761.10

TRA^^NS^FEROlFTE^MPORiSLDn^C^ITIO^INR^TNOlG'n.JkninikG. S.P. Clarke,
R.B. Ivry.S.Roberts*.and N, Shimizu. DeAt.ofPsychElogr,University of
Lalifornia,BerkeIeRCA94720.
If separable reural system’ exist for thf peecoption and discoiminatior oi
aiffeeent tempfcrai
tfer experiench with one task innoiving
tomrimratten betwer n stimu ’i vf short durado’ shou.d hav. no ^ec’ f n rate
oi learning upon transfer to a taakrequirinn discoiminatifn tetween sbmnli oi
longer Cuoadon’ anC vioe-vera Rates vf isboOag wi 11 le acseceed for ratc
traineC on temporal Cieoriminatirh tasks in a standacC oieeranr chamber. In tfe
Virct exhn^menl’ oaS’ will be tS^rnfeC to discriminase between wfite rfieu
ctimuli in eitoer a short range (SR; 200 vs. 800 msec) or long range (PR’ 20 vc.
80 sec). P ’uorose pellet ic delivered for a pceee on one l^^«er correspofCirg to
tfe sfocSec esimrlre in eaof tack (200 mceo or 20 ceo) or for a reeefree on tfe
wSfec lever for the long stitsulus (^(^0 mmc oo 80 sec). After training to
aer'mhiote’ Hi . Swo grfupe (RR anC pR’ wil 1 then be ternned to ^.inptote ff tfe
opposite tack (PR anC RR) wiSf lever mapping revcerah to r haf f oh eaof group.
f m^rable neural ’.’te.’ mrCiate tfe lraming ff the RR pfil pR tasks, tora
Sfe rates of learnifg foc ad mrppirg groups rimrild be toe ^ra,
to^
.x^rienc. with RR tiintog faC no effeclt oo tearorn0 a dimrimiradon inwhi^
pR dining. a^ vree-venaj . The seco.’ e.xpcrinwnt wa llte .dratteal to the firat
uxorpt toaS the group’ will trar’ferreC to a medium range (MR; 2 vs. 0 sec)
to’orimtotdton task . I f th. RR rareteda1 medteted timmg system is dmited to
^rcqrtton in tfe
ran^, a. our fuman pi i c irndral fota ’ug^’f
Sfef there shoul. be no differeroe if rate of learni^ to- the two mappi^
grouhe of rats
fcom RR to MR. Facdktkto n wm. d be exacted in rate
’fifteC frmn pR to MR wkh tfe ’a. ragtag tf p Lr dmIfg ’y’te.
re’^’ibte for leacning in Sfe secoT^to-mrnutes ra^e. te i^v^l^^d in teto
tackc.

HOW RATS ARETRANSPORTEDTOTHEMAZEDETERMINES SUCCESS OR
FAIEEHROFSPATIETPHTBREMSOLVIEG:ENVPRONMPNTAL CUES ARE
NOTSUFFICIENT EOTUPPORT SPARIAL LEARNING. G.M. Martin, C.W.
Harlev*,E.R.SmiHt, E.B. Hoyles, sidC.f. RideouLPsoeholoou Pept., Memorial
Enivereiry .St.John ’s ,NFA1B 3X9
Tfeorict of spada. learning suggest rats possess a map baaed on distid eunironmunirl
ouee ;aid/of eunisonmental sdfae.
Thcee theosecs attribute spatial learning to
environmrnial mfomaailnn Torigg taare irammg nah not to event’ wftcf preoeCe tfe
animal’spicesmrnt mehetrarningsituation.
In the present experiment two poooedures were used to bring rate to a four arm
elevated maae on wfiof food wac in a 00^^ sdeiiai iofaiion. Ra’s in tfe normal
procedure were brought into tfe training rooms Ot tferr home oage anC placed on a
etfrage raok. Ra’s wore carried frmsttoe home raue osd pteced on the maze on eaof
ofeightrri^Ps. RhtswerereiumfdtutfsUcme aaucaCteraccfreci fhoicece 60 secs.
Rat’ in the sceond procedure were pteceC in do^eC metal containerCy cfrateC cix to
ten timec over a <60 second perioC and then brougft into the trammg room anC placeC
on the storage rack. Ra’s were oamed in tfe cfntrLtnrre to the maze, remove, anC
plaorC on the maze. At the enC of eaof trial cp S’ were rehiaoeC in the container,
reSucorC to the storage rcaO aaf rotateU. Two minutes 01 msic intervened between
rotattfninld rubreoucnt naure plamtment- Criterion wt 9 00’ ofl0 correct,
Rat’ traineC wito the nrrcs^p home cori prowedure readiiy solveC tfe maze problem.
Rat’ trainedwiththo dusim metal Sonlam-i hsucedusedid not feipetoe problem,
Tfe’eCata show environmental information C not suffioientto en’uce learning. Rat’
may neeC to be orienteC in order to
a s’ngle spada repre’enSaSion of a new
environmmt . Heuce, mudiple reprerepralions or tapp failure oouid aoofunt for
impaired periO-rmadice . AitemaIivelo rats tayy encole iocadnn by CeaC reckoning’ mot
Ctetalcues . Daed reckomngccuihbeUtrt•cptedUy taecloradcon1aeuesexperience.

761.11

761.^2

THE INVOLVEMNNT OF PARRIVE PATH nSNEGRATONN IN LEARNNSG THE
MORRIS WATSRMHZR.S .H. Alyan.lr OR Trooutzky** nsd J.R. Tru T.’- Ou^. olf
Computer Rotunlul, ORboug1e Medon Umvcfsily, Pittrbuafh, PA 15213 A and Ohhi. olf
Acyohology,DammoftoCudegD,Hvnove^’NH03755.+
Many piuvious studies fave ucrC tfe Moms water maae ac a trol to innestigRte
Sfe <n>gotttve me^fami^s^s ooCeoiylng euooe&rTlt navigatim ee.g’, Morris St aly 0902;
RuShuoi^C eS ah. 1090; Keith & McVely, 1098; WhtshaWl 10B1). Altofuaf some of
s Aucu studiuc have quucdfneeS Sfe extent Sr wfiof rate rely solely on the lrarneC
relationftbps f^wion poitous
tenSmrkks to soklgg fee task owne of Stem have
cxpttctlry exsnleiadfrn rote pp^f tnssaoRt1on pPays to learning Sr Imam toe ptatfoom.
Aato intearaiion ic toe abdiSy to compute a traaetetory by integraS-tog eaps passive oc
pcitve Cteplacemfnte. Tee present cSuCy wac d^ci^^^d Sr determine toe elfroS off
CuaoRCingpasaIueRatainteRsahonaetoeamtmatiracstA toawatermaze.
Frno groupc rf 6 LongteROtr mate rac rnC^i^^^t
0s a 0.B m diameter
water tank containing a phrttsrly submerged fiCCeo platform. The raSc were
Sc^cpoc^ from their tages rs She tank, eiSh^c ro a worxlen braaC in a ctcRtgf t paSh
(Groups 0 & 1) or in a blaok box io a ctrcuisooc pato (Grouhe 2 & 4). Groups 0 & 2
weie left fn toe platform for 10 cx. rad tti^^ teTrie being celra^S tors toe Sank.
Groups 1 & 4 were giver a total off 17 min ptaaemhns on thf ptatform tbefrre Sfe
^niog begm’ aoC no plj^em^S rn the ppi^ocm before relrastog toem otrt toe tank.
Patency timne ft arrive at toe platforms eercens time ’pent aoC rombec of entriec into
ao minuto’ zone surcounCing toe platform were recosecd to assess Sfe cate'
hhrfomrmce. 'tee rac StaS utoterwent a di^fC^^nSaSir^n hcrcaOire (Gnucs 2 & 4)
ccrced cta^ni^tarndy loweron atl fCree mraroees tons rac nrS subjccted tr
(Gropps 1& 3).
Tfe reculte sogaccS ShaS in thf w^^ mmaa, rotenrvIgiRe bb emstoyioa a waieSy
rf mcdaotemc simulSaoefusly . footeding tothicratfog their hrectvh tlimptrrsartfn form
roe lroa^f^n tr aorthec. Is is not de^r how, or how much, ^:h msefaricm (cfntribotee
Sr succeccful navigably, b^its aStenbon chouid be givo ft She prooeaures uceC in
S^cpf^^g the animal form ite home opg^e Sf the tSalk, eceee:iady when octra Shic
earaCtam fs terffortovfrncbonarinteryifyofunyelaytogspatilC mrcStnisms.

M^f^lRRSS WAERR TASK: WHICH CUES DREFNH LOCATORS ? M.A.
We’rend.hR.L. Ktetn. ..Mc ^o^siRg^.^.^’.T^etom.A. l<J^rnzr^cl’MeDr^atdiT.
Reving, Sc arinzdo, f, Btelfi J’MvWhocter.M.Werms.J.Ochtegolmdch. R. Yeo,
R.J . huthe^tend DepSIofPsychzl. , Untv.oSNSw Maxico, Alfuqcerque, Nmim 131.
Wepoced twoquesrionss 1) pro gate satomlo tnosbope S^^Unt^byi^ir^Eo^ and
blr^^ toentrapool curaor pootgeomhbypIiS compaiu Siarcdon? anh 2)Cofe the
0ttcl0ug pOpnumeroo vig^ ir Rtaceteorhinvftn exnRrimant l- maleund femfte
rate were b•oine0ro rTvihPtetoa Ctdden ptarfoam ap caadinafsorto atxsutw tnchcc
fromthepool waOf Mxles reiviiced 20tralning trisls anOremates24, awopfoec
pcGucm nor of eafh cox, receia^^O Pralningtri-Ss. AH groapsa^chud aofreotobe
O^rformanfebytoeendpe bfStotcg.A nw-platform pr^eifi c ^ toenImndnaSelr.
On tSda probs to’ JmfIwacroSated225a wilhtoe axis atcT Sudden CI^^Pbthat^aSif^n
Sfe . top posl wos movrf Seiarivoto the room’. MaieraSs 011X201^315 reaacdeC fn
iheplatfoom in Shenorthers rigaon of She pool’ ’1^ Oh Shetocaaior dsfinaS by
extbatxfit onus, if contrrrt,materate wtsp wo triails rbRreh<etfoeiscdSion definedda
^^iraro^i rues, aSot thf norS. Femalerate wFto2U triaSt soe^cbRl ic Rio nartd anh
foe tocabun relative Su roomrura hqeutlhi Ofsntlio wdh f^^alf cearchhdm too
poion. Tha 5lOiSRdstadyexllmtneSfoeRheoomenor rabiRcking foresees usef is
wlSfe 101’^^^ Osogroup oP aaicsate wfa ’iOnat tofta^^te Ca oCiddSh pi atform
wito <oo mt A,fomme sab Aand B. Thusraohd nroun was 0^,00^’^^ AanwB
only. On s no-fiatfonrfproCc diO conduntedwcthcue caS B only, rate tramml with
Runete AB aIonepeIOacmedsinnifioaneiyru’tter foanrateSrainndod A toes All.
StsenBorther t^ainlnRwasoonPucted wito cuesnB, onio mlraiseRunrdonA thao
OB aRowHaasigmflcasttpercabhtnrscape tetenceiWeconcladethat mote satecau
fb^sigcxS ^md oncomprns tgreOSoncnd p<FltRlutmet^y or direction any nlstanep
Cbmeotratocl pois deprndiyg u^^ninfr^. Ffos^^i^^is memto woe otty compara
htraobsnannpHni gson’aCRsunderehace contiittons. in addition, the blocking
phenomenon can be demonstrated for cues in a place navigation task.

761.13

761.14

LANDMARK-BASED NAVIGATION NG GERBISS SUPMORXS VECTM^R VOTING.
L.P. Safaitd^*, A.^. Rotosh, C. Roiber MPbeqr, S S. Gatlin*, and D. S. Tbrnetoky.
SctKxd of Ctmputer Scierxx, Carrnepe Pellon University, Pitthbiugh PA 15213.
tDepartimnt of Antoropology; Unisxrvity ofPittsPutgh, Pittebpsgh PA 1,P1.
VettCY vvtinx and vevnx ovsavntog sxt sarnpeoinp iyxottapy tbehi how tutsnO tun
lantoraaks io oer^h a goal. A Apea! ivue Ai how ows fernt mnbnlu referent Pennes
intonat what toe besihxvn a^y rnuysn oVtohn a tested, slPate eholp>nm'OTt.
Six rate aa, vth fettene gesbils whre ere.^ <xi a so^nsasn^fVi aati ttesfhitoV ty Chltets,
Ca^wri^l^b, saX SS^tot ,J. Conty. l^iyy^sioS, 996>). AsAiohwnr seed was lAPied at tb
senta oo an nqiutetene friwirgte beeirat Xy Vsey ibpnWcvi nylithlriral nmdmrih. vnins
^aiXi^X tS^n teimXrvm anay ray hans^^ later si ^(^ tovee yinse eut rniher aosxw V
Tns Un slliIsmlh ^spnnsb OTteries Inessmh profs teWf were intesmtxed vfto she
orhinnx 1^^. TT wp Po eondiXvns was;:
nm-snal mray, m ose l^^na^ mar^^,
(s) two texVmnPs remmvtvi, (ef) ooe tentonm SSsvihfen to .toce ihe obwsx0 ^Iisv ^
arom STgool, airf (v) 011X0 pw ^^ ^yasof by ISP)0.
CumiAlaivv 2Dssm P^ nistoiomms nf sosc S ^fSnse ttlor^h' thnlmPten mem of Codeo
et aL ounpf for ibn (s) proT, wbnn oou anirnms lh^ppn^ nvshoxtA nvrfosmonra urn
On ((^1i Sd), sanl (e| ipOes ww hs xsrcnnem wito tT hfnwbyfit obw s^esf^i^^ sowPicl gppi
lms^rmx be )^Olyiyg votes Srotn OmliviViul tenemaVs, ratoer toon vetm averaging.
We VevdlypW tww ythtutieol rnsmnrai se q^t^teXoi^^ aiwlyre toe anSonWs’ simal
P^v ^Vso . Histoyrams festPt multiulo plsilo imi sans t<neon^ OneV me SV OxsOraik avny,
ax( esrnrSbnx 1s P^i^1v <* P eU^tS^ V divesn OSss < DDfatnpsn^ Setesew nxsopo tf
OeP>ils so* scps Is aae toon XeVoosnmd by x2 ses^^. By exantoimg tT sibssaee oi sesotfic
fme sw ssu nlao Osvnmoinate nlesltitnavely iVe yobies’ preferepnn Sos xsnsto ShnaOnia
ovs sOOess, adowing os to tmmyme are sm^pt^t^ of 0x ^00011 py^XO^.
Profs (e)-(^e) ptyVusnd VmmnoaUe nmm expffimnnn txSewnn^ torn ton tb se^,
<x(V<hnOia tT geOSiSs wew aware u P pmuphr^^ to toe OosObUin n^j^. Tha enyesXbwsl
moi snsveteS toibmmt oopr pwu Isc teporSfi Py VoUeC oteO. can s» XSiwsoel witovto
any rfftmr to ySiInmiae oSaOte rassn mm.

TWO DIFFERENT MODES OI7 INTEHGATION OI7 OLFAPTORY ANO
VISURL CUR S IN SPPTSR L ORINNTAN. ON. P.Lucun ex (1 ), P . GisauetVeirietCT.). F. Schenk (0. . 0-Ir’btuSu of PAfstolrgy’ Eriversiiy of Lauescce, CH1005 Ip ^^s ^^^^; 2-NAM LNRLS ERA 149, , Enivo’sky of Paris RuC, F-B1X05 Orcay
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The aim of foic sCudy was to s’ive the aRherenl peradox that aifoouae
msorosmatly , oaS’ orient preferectiady 01131^1^ lo vicuospadrl oues acC ignore
olfacioyy cues when Shey are ir conflioS witf vieuo’patia’ onus. Rate wire traicuC ic
ac eigfS-aom radial m^a.^ wito eight differed spoptemectary olfsctoiy our’, while Sfe
aooess to visuo’habal our’ wac preveoteC. Trpirirg wa’ corCuoted ir darkre’’
(infrared iduminadon), whte h preclahad an’ vcrual ’Simutedon , or ir tsanstucrrt
Surcnl.’, oftce re’ScioSua tfe access to visuospadal infoomatioc but left the insCde of
thr maar idumiratrd’ Rate toairrC io darkre’’ retieC or • tS^c olfactory ourc arC repothC
maximal ^^o^co^e. in rontrast, rate trained ir toar’luount ^011’ CIS rwS rely wc
Sfr oifpotory onu’ and thfir r>erformrnce remrmed pm Neveoserteee, probe t^alc
revealed tfat rate of te^^St ggoups ht^ mrmsri&U tSf tr^^tSiot olf tT olfactory cuec. A
SfirC corCitior, ic oeioe olfaotoiy’ our’ wire rrplaoed by irSr^^e
cues ir Sfr
Srsre1uoent maae. revealed tfaS vicral but nnl oiraatofy cons adowed mrximal
rfficicoyy in toe trsd’1ucrrt cfrCiSion. A’^iffomaroee of rate ScaIdsC io dRokrree wher
tfr olasoSo-y' our’ wire dissooiatra from for external spabal fri^i^^ of reSerenoe
revealed that Sfe o IO^^^i ^^ oues Co rwS nerC to T linked to spedat inlormaSifd So
allow maximal erflcirncy. Whent-rue ffh^e poms oooSpirrC tor same olfaotfcy ouu,
orly tfe corfiguradon of toe olractory cu’r allowedio loIretUe Paste Ot this o^^, a
goiC hu^fomaanre wcs obserned on oondSbon fat farcr cues were sfabte ^^tl^ti^riy to

tfr external spatSal fr-ase of reaerencr. 'nnc referecor coulC cfdei’t of a discu:dods1
referenen maintained by the in^^^ac^tSor of verbbulip- infnrmadoo. TogeST-*. thece
reeu1te s^ow tfaS oifaoSocy our’ ace taker info accourS wheo tt^^y are cohereot wiSf
’paSial irfoimiadon . but Co not adow aacurate anss' cOhice when vistof is adoweC,
reer if ro visuoehasiai cues are
Olfactory cues dc, hhwever, adow scouop Sc
arm’’ choior ir toe abrence of vistor (da^Srree). This euaar!sts ar implicS’ urn rf Sfr
o1factoysrups whre viilo’ ^^^^^deb^fa^f aneoplicil use uethnse afermdeckness.
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SPATIAL ALTERNATION IS NOT FACILITATED BY
TRANSECTION OF THE CORPUS CALLOSUM.
D.P.
Crowne and S.P.C. Gray. Dept. of Psychology, Univ. of Waterloo,

Waterloo, Ontario, CANADA N2L 3G1
In The Psychology of Left and Right, Corballis and Beale proposed that
mutual sharing of mirror-image information by the cerebral
hemispheres confounds the discrimination of left and right stimuli,
so that an animal with intact and communicating hemispheres will
learn mirror-image tasks more slowly than one with a divided brain.
Discriminating mirrored left and right responses should be similarly
affected. Noonan and Axelrod examined the latter, comparing
splitbrain and intact rats on a conditional spatial discrimination.
Their splitbrain animals were markedly better. Here, we studied
another, more basic spatial problem that requires mirrored left and
right responses: delayed spatial alternation. Splitbrain (n= 11) and
control (n = 11) rats were trained on spatial alternation in a water Tmaze similar to Noonan and Axelrod's and tested for 800 trials. The
mean trials to criterion of controls was 449.09, of splitbrains 692.73,
F (1,18) = 9.74, p = .006. All controls learned; 7 splitbrains failed to

learn. It appears that only some mirror-image spatial tasks are better
performed by splitbrain animals, perhaps those involving a
conditional cue. The more general effect of callosum section on
spatial learning is a severe deficit, earlier shown on allocentric tasks
and now on an egocentric one.

761.17

EFFECTS OF NEONATAL OXYGEN DEPRIVATION ON DEVELOPMENT OF
SPATIAL LEARNING IN RATS. R.E. Hartman* and C.R. Almli. Developmental
Neuropsychobiology Lab., Dept. Psych., Washington University, St. Louis, MO 63108.
Human neonatal oxygen deprivation has been related to a wide range of developmental
disabilities, including cerebral palsy, mental retardation and behavioral disorders. The
present study determines the effects of neonatal oxygen deprivation on the development
of spatial learning and memory in the albino rat. At postnatal ages (days) PN 0 to PN 7,
pups were subjected to 3 consecutive periods of oxygen deprivation (gasping criteria)
separated by 30-min in room . air.
Beginning on PN 18, control and oxygen-deprived (OD) rats were tested in a Morris
water maze for 10 consecutive days. Three conditions were tested: distal/spatial
(invisible escape platform in a fixed location), proximal/cue (visible platform in a fixed
location), and random (invisible platform placed in random locations). Each of the 10
testing days consisted of 12, 60-sec acquisition trials (the maze contained an escape
platform), and a 60-sec retention trial (the maze did not contain an escape platform). For
acquisition trials, latency to enter the maze quadrant containing the platform, and latency
to fnd the platform, were recorded (maximum score = 60-sec). For the retention trials,
latency to enter the quadrant that previously contained the platform, and total amount of
time spent in that quadrant, were recorded (maximum score = 60-sec).
During acquisition trials, OD rats escaped the maze faster than control rats under the
distal/spatial condition. During retention trials, however, control rats in the distal/spatial
condition spent more time in the quadrant that previously contained the platform than did
OD rats. It appears that neonatal oxygen deprivation may differentially affect acquisition
and retention of spatial abilities. Acquisition escape latency may have been faster for OD
rats via hyperactivity, whereas retention for the platform’s location was adversely
affected. These results may be related to the development of glutamate/NMDA receptor
excitotoxity.
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Thiamine Deficiency in 16 month old rats versus 3 month old rats:
Behavioral and pathological differences. L.M. Savage*,. R. Castillo.
& P.J. Langlais. Department of Psychology, SUNY-Binghamton, San
Diego State University, and VA Medical Center San Diego, 92161.
To examine age-dependent differences in the neuropathology and
behavioral consequences of Pyrithiamine-Induced Thiamine Deficiency
(PTD) a group of older rats (16 months) than those used in previous
studies (3 months) were pre-trained on the Morris water maze, exposed to
either a bout of PTD or Pair-fed (PF) control treatment, re-trained on the
water maze, and then tested on an acoustic startle task. A standard bout of
PTD produced a higher mortality rate (60%) in these older rats than
previously observed in young rats (20%). Furthermore, after the reversal
of PTD treatment, the older rats also took twice as long (4 versus 2 weeks)
to regain weight lost during treatment, relative to young PTD treated rats.
When re-tested on the Morris water maze, the older PTD rats had longer
latencies to reach the platform compared to their last pre-training session or
relative to the older PF rats on re-acquisition. This "retrograde loss" was
not observed in a previous study using 3 month old PTD treated rats.
There were no groups difference observed on the acoustic startle task.
The neuropathology produced by PTD treatment in the older rats is
different from what has been seen in young PTD-treated rats. Thus,
the age at which a rat is exposed to PTD treatment appears to influence
both the behavioral and pathological consequences.
This research was supported by a VA Merit Award to PJL.

761.18

ALTERED ATTENTION, DECLARATIVE MEMORY, AND REWARD EFFICACY IN RATS EXPOSED TO LEAD DURING EARLY DEVELOPMENT:
EVIDENCE FOR DYSFUNCTION OF PREFRONTAL CORTEX, HIPPOCAMPUS, AND NUCLEUS ACCUMBENS. B.J. Strupp*. T. Braga Costa. S.
.Drazen,. C_Hu, H. Raffman, S. Alber,.L.E. BayerJE D. Levitsky . Dppt . of Psychology & Div. of Nutritional Sciences, Cornell Univ., Ithaca, NY 14853.
Despite the increasing evidence that low-level lead (Pb) exposure lowers IQ,
relatively little is known about the specificity of the impairment. This presen-tation
will focus on 3 tasks included in an investigation designed to provide insight into
this issue. Pb exposed S’s displayed impaired inhibition of prepotent res-ponses in
a vigilance task, consistent with prefrontal cortex (PFC) dysfunction. In a win-shift
radial maze task, both Pb-exposed groups were significantly impaired relative to
controls when tested after an 8-hr retention interval; at shorter delays, they were
either unimpaired or superior to controls. This pattern demonstrates a specific
impairment in declarative memory, consistent with the evidence that Pb exposure
alters hippocampal LTP and NMDA receptor function. This latter task and a
matching-to-position task provided evidence that developmental Pb exposure
produces a lasting increase in the rewarding value of reinforcers. The increased
incentive and impaired response inhibition may both be related to altered dopamine (DA) activity, in nucleus accumbens and in PFC respectively. The evidence
that DA activity in PFC inhibits accumbens DA activity suggests that the observed
alterations in executive function and incentive motivation may be linked. It is
notable that changes in these two functional domains are also seen following
prenatal alcohol exposure and in ADHD.
Supported by grants from NIEHS (ES-05950, ES-07457) and the March of Dimes
Birth Defects Foundation (12-0730).

761.20

PLACE RETENTION, EXPLORATION, HABITUATION, AND
SEROTONIN IN THE RAT. G. Wortwein. P. Plenae, E.
Mellerup and J. Moaensen*. Lab. of Neuropsychiatry, Dept.
of
Pharmacology,
University of Copenhagen
and
Rigshospitalet-6102, The University Hospital, Copenhagen,
Denmark.
A selective lesion of the serotonergic system was made by
intracerebroventricular injections
of
0.1 mg
5,7dihydroxytryptamine in 10pl 0.1% ascorbic acid per side.
Selectivity was assured by pretreatment with normifensine
and desimipramine.
Postoperatively, . habituation of
locomotion in an activity cage, habituation of exploration in
a vertical holeboard apparatus and retention . of a placelearning task in a water-maze were tested.
Quantitative receptorassay of the serotonin reuptake site
confirmed the lesion by showing a Bmax reduction of more
than 90%. While habituation of locomation was not affected
by this almost complete elimination of the serotonergic
system, habituation of exploration was impaired.
Furthermore we found place recall to be significantly
impaired. Finally, a pharmacological challenge by
scopolamine (0.5mg/kg) demonstrated that the place recall
of the lesioned animals was hypersensitive to muscarinergic
receptor blockade.
These results emphasize the importance of serotonergic
and cholinergic interactions for spatial memory - an
interaction which may be of importance in Alzheimer's
disease.
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EFFECTS OF CHRONIC ANTIDEPRESSANT TREATMENT ON PASSIVE
AVOIDANCE BEHAVIOR IN RATS. L.C.Daws*, R.Lopez and A,Frazer. Dept.
Pharmacology, Univ. Texas Health Science Center at San Antonio, TX, 78284-7764.
Performance in a passive avoidance (PA) task can be altered by drugs that block
B-adrenergic (BAR) and muscarinic cholinergic receptor systems. The amnesic
effect of the muscarinic antagonist, scopolamine, in a PA task can be potentiated by
blockade of BARs; blockade of amygdaloid BARs can itself cause an amnesic
effect. Chronic antidepressant (AD) treatment of rats results in down-regulation of
BARs and this effect occurs robustly in the amygdaloid nuclei, a brain region
strongly linked to the regulation of emotionality, particularly fear. Consequently, we
determined whether chronic AD treatment in combination with an acute injection of
the muscarinic receptor antagonist, scopolamine, would disrupt retention on a PA
task. Initial experiments corroborated earlier reports in that: (1) propranolol (34 or
68 nmoles), injected directly into the amygdala complex of rats trained on a PA task,
produced dose dependent decreases in retention of the task, and (2) blocking BARs,
by systemic administration of propranolol (10 mg/kg, i.p.), potentiated the amnesic
effect of scopolamine in a PA task.
Rats were treated with either phenelzine (5 mg/kg, i.p.) daily for 21 days, or
desipramine, (10 mg/kg, i.p., bid) for 8 days. Control animals received vehicle at
corresponding times. Twenty minutes prior to acquisition training [electric
footshock, 0.5 mA for 2 secs (phenelzine group), or for 3 secs (desipramine group)]
each of the three treatment groups were randomly divided and given an acute
injection of either scopolamine (0.15 or 0.3 mg/kg, i.p.) or saline. Retention (10 min.
test) was recorded 24 hours later. All groups showed maximal or near maximal
retention on the test day. There was a tendency for rats receiving chronic AD
treatment prior to scopolamine to exhibit decreased retention latencies, but these
differences were not signifirairt. Chronic treatment of rats with ADs does not alter
performance or potentiate the effect of scopolamine on a PA task. Unlike blocking
amygdaloid BARs with propranolol, AD-induced down-regulation of such receptors
does not produce an amnesic effect in a PA task. (Supported in part by Research
Funds from the VA and USPHS Grant MH 29094).
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CHALLENGING IBOTENIC ACID LESIONING:
A NEUROANATOMICAL TOOL TO ASSESS THE INTEGRITY OF
FIBERS OF PASSAGE IN BEHAVIORAL-LESION STUDIES.
S. Frey*. R. Morris and M. Petrides. Montreal Neurological Institute,
McGill University, Montreal, Quebec, Canada.
In behavioral-lesion studies involving animals, ibotenic acid (IBO) is
widely used as a means of damaging brain structures. IBO is considered
to be the Iesioning method of choice since it destroys cell bodies but
leaves fibers of passage intact. If IBO, however, is not used properly, i.e.,
if the concentration or the volume are too high when injected in a given
area, both cell bodies and fibers of passage will be destroyed. The present
project evaluates, first, whether ibotenic acid (IBO) is a reliable means of
destroying a specific neural structure, and, second, whether it really
leaves fibers of passage intact through the lesioned area. In 20 rats, the
central nucleus of the amygdala was destroyed with IBO and the fibers
that pass through this brain region were evaluated by means of an
anatomical tract-tracing technique, namely HRP-WGA histochemistry.
The results of this study have shown that IBO could be an ideal means of
destroying cell bodies in a given brain area while at the same time sparing
fibers running through that area. However, anatomical tract-tracing
methods should be considered to assess the success of this technique. In
light of the present results, behavioral-lesion studies would benefit from
applying this reliable yet simple technique.

762.3

IMMUNOTOXIN-INDUCED CHOLINERGIC LESION IN
INFANT RATS. B.A. Pappas*. C. Davidson, S.
Nallathamby. G.A.S. Park. R.G. Wiley and T.
Fortin.
Life
Sciences
Research
Centre,
Carleton Univ., Ottawa, Ont. K1S 5B6.
Seven day old rat pups received bilateral
intraventricular injections of the cholinergic
immunotoxin
IgG-192
saporin
(200
ng/1.5
Ml/ventricle). Four to six months later the
immunotoxin-injected rats
showed profound
(88%) reduction of choline acetyltransferase
activity in the hippocampus and
lesser
reductions in cortex (51%) and caudate (30%).
Forebrain monoamines were unaffected except
for increased NE in cortex and DA turnover in
hippocampus. Immunohistochemical labelling of
the p75 NGF receptor a marker for basal
forebrain
cholinergic
neurons,
indicated
reduced immunoreactive neurons which varied
among animals. Grossly enlarged immunoreactive
varicosities were observed in the dentate
gyrus and to a lesser extent in CA2 and CA3.
Despite profound reduction and abnormality of
hippocampal cholinergic innervation, the IgG
treated rats showed neither a spatial memory
impairment on the Morris water task:, or a
short term memory impairment on a delayed
spatial alternation task.(Supported by NSERC).

762.4

VISUO-SPATIAL LEARNING IN MICE EXPOSED TO
PRENATAL GAMMA RADIATION. R.W.F. VitraP (1). C. Moreira

(1), M.L.Dutra (1). R. Linden (2) and „S.L. Schmidt (1.3). (1)
Departamento de Ciencias Fisiolbgicas, Universidade do Estado do
Rio de Janeiro, RJ, 20551030, Brasil. (2) Instituto de Biofisica,
Universidade Federal do Rio de Janeiro, Brasil. (3) Department of
Psychology, University of Alberta, Edmonton, Canada.
Exposure of pregnant mice to gamma radiation at 16 days of gestation
(E16) produces in the progeny extensive shrinkage of the occipital cortex
and disruption of the laminar pattern of the hippocampus. This investigation
was designed to study visuo-spatial learning in irradiated animals. Pregnant
females were exposed to a gamma source at E16 with a total dose of 3Gy.
Spatial learning of 58 adult mice (n = 28 irradiated progeny and n = 30 nonirradiated animals) was assessed in the Morris water maze task. This
behavioral testing was conducted on two consecutive days, with each
mouse receiving 5 trials per day. After 1 week, 20 animals (n=10 irradiated
progeny, n=10 non-irradiated) were also tested in the Lashley ill Maze. In
this test each animal received ten trials, one trial per day, Analysis of the
Morris water maze showed that there was not a significant difference
between irradiated and non-irradiated animals on the first trial of the first day.
On the subsequent trials, the time to reach the hidden platform was
consistently greater in the irradiated animals as compared to the normal
mice. Similarly, analysis of the Lashley 11 Maze showed a significant
difference between the two groups after the fourth trial. After this trial,
normal mice learned the task whereas the irradiated animals never reached
the learning criterion. These data show a deficit in the visuo-spatial learning
of the irradiated animals and may be a consequence of the early lesion in
the hippocampus.

762.5

ACUTE INJECTIONS OF QUINOLINIC ACID CAUSE DOSE
-DEPENDENT SPATIAL MEMORY DEFICITS IN RATS.
G.L. Dunbar*. M.C. North, K.L. Haik, and J. Dong.
Brain
Research
Laboratory,
Department
of
Psychology,
Central Michigan University, Mt.
Pleasant, MI 48859.
Previous
work has
indicated that
acute
bilateral injections of quinolinic acid (QA) can
mimic some of the neuropathological conditions
observed in Huntington’s disease and can produce
profound learning deficits in a Morris water maze
task.
However, it was not previously known
whether acute bilateral injections of QA could
cause memory deficits in a well-learned spatial
memory task. The present study investigated this
possibility. Six groups of rats were given acute
bilateral intrastriatal injections of QA at 0,
100, 125, 150, 175, and 200 nmol concentrations
following acquisition of a radial-arm water maze
spatial learning task.
Although rats with the
higher doses of QA took significantly longer to
reacquire the task, all rats eventually were able
to relearn the task. These results indicate that
while acute bilateral intrastriatal injections of
QA can disrupt spatial memory in rats, the memory
deficits produced are not permanent and are not as
profound as those observed in acquisition tasks.
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NEONATAL VENTRAL HIPPOCAMPAL LESIONS IMPAIR
SPATIAL LEARNING AND MEMORY IN THE RADIAL-ARM
MAZE AND ATTENUATE RESPONSE TO THE NICOTINIC
ANTAGONIST MECAMYLAMINE. R.A. Chambers. J.P. McEvoy
and E.D. Levin*. Neurobehavioral Research Laboratory, Psychiatry
Department, Duke University Medical Ctr., Durham, NC 27710 USA.
In a rat model of schizophrenia developed by Lipska et al.
(Neuropsychopharmacology 9:67-75, 1993), ibotenic acid lesions are
made in the ventral hippocampus on Day 7 after birth, which results in
locomotor hyperactivity with an onset during adolescence. We studied
the cognitive effects of this lesion by examining spatial learning and
working memory in the radial 8-arm maze. Training for 18 sessions
began on Day 40 with 6 lesioned and 14 sham operated male and
female Sprague-Dawley rats. The lesioned rats had significantly
(p<0.025) lower accuracy (entries to repeat, Control=6.4±0.1 and
Lesioned=5.8±0.2, mean±SEM). The lesion effect became ■ evident with
continued training (lesion x session, p<0.025). No significant lesion
effect was seen on latency. After acquisition, challenges with nicotine
(0.1-0.4 mg/kg), mecamylamine (2.5-10 mg/kg) and scopolamine (0.41.6 mgAtg) were conddcted. Lesiooed raia showed a siggificcntly
attenuated amnestic response to the nicotinic antagonist mecamylamine
(p<0.025), suggesting that this system was less critical in lesioned rats
than controls for performance of the memory task. These results
demonstrate that in addition to hyperactivity, ventral hippocampal
lesions on Day 7 cause long-term deficits in spatial learning and
working memory function. This may provide a model for the cognitive
deficits seen in schizophrenia. (This research was supported by the
National Alliance for Research on Schizophrenia and Depression.)

762.6

THE HIPPOCAMPUS CONTRIBUTES TO SPATIAL LEARNING AND
MEMORY IN RATS WITH FIMBRIA/FORNIX LESIONS. D. K. Hannesson* &
R. W. Skelton. Dept, of Psychol., Univ. of Victoria, B.C., Canada, V8W 3P5.
Fimbria/fornix (FF) lesions consistently produce impairments in a variety of spatial
paradigms but do not prevent spatial learning entirely since FF-lesioned animals can
utilize spatial solutions in such tasks when given extensive training. Though the
anatomical substrates of this preserved capacity are unknown, a plausible hypothesis
is that the hippocampus continues to subserve some of its normal function since both
its internal circuitry and cortical connections remain largely intact after FF lesions.
The present study investigated this hypothesis by examining the role of the
hippocampus major cortical input/output pathway, the perforant path (PP), in spatial
learning and memory after FF lesions in rats (Rattus rattus). In Experiment 1, rats
subjected to FF lesions (FF), combined FF and PP lesions (f Fp P), or sham operations
(SH) were tested for acquisition of a constant platform location in the Morris water
maze. In agreement with previous findings, FF lesions produced a severe impairment
in the rate of acquisition of the platform's location but did not prevent it. Concurrent
PP lesions aggravated this impairment but still permitted some spatial learning. In
Experiment 2, these same rats received either a PP-lesion or sham-operation (creating
groups FF/PP, SH/PP, FF/SH, SH/SH, and FFPP/SH), and were then tested for
retention of the platform's location. PP lesions impaired retention in FF-lesioned rats
and produced a more modest deficit in sham-operated rats. However, both groups'
performance improved to the levels of their respective controls (FF/SH, SH/SH) with
further training. No serial lesion effect was observed as both FF/PP and FFPP/SH
performed at comparable levels. Our results suggest that the hippocampus does
contribute to residual spatial learning and memory abilities after FF lesions.
However, since ventral portions of the PP were spared by our lesion procedure, it
cannot be determined whether spared hippocampal connections or alternative structures
were responsible for residual function following combined FF-PP lesions.
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SPATIAL LEARNING WITH A MINISLAB IN THE DORSAL
HIPPOCAMPUS. M.-B. Moser*, E. I. Moser, E. Forrest. P. Andersen and
R.G.M. Morris. Centre for Neuroscience, Univ. .Edinburgh, Edinburgh EH8
9LE, U.K., and Dept. of Neurophysiology, Univ. Oslo, Norway.
The volume and location of hippocampal (HPC) tissue required for
normal spatial learning in rats was investigated. Ibotenic acid was used to
make bilateral, symmetric lesions of 20 -100% of HPC volume (Figi B-G),
with the spared tissue as blocks at either the dorsal or ventral pole of HPC.
Spatial watermaze learning was more efficient when the residual tissue was
in the dorsal than in the ventral HPC. Even small transverse slabs of HPC
[>26 % of total; 1D) could support spatial learning provided they were in the
dorsal pole, whereas 60-80 % had to be spared to achieve normal spatial
learning with blocks starting from the ventral pole (1E). Acetylcholinesterase
staining, population spikes and synaptic plasticity in the remaining dorsal and
ventral slabs were inside normal ranges. Thus, HPC-dependent spatial
learning only requires the integrity of only a minislab of dorsal HPC tissue.
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762.9

IMPORTANCE OF THE HIPPOCAMPUS DENTATE-HILAR COMPLEX FOR
LEARNING AND MEMORY IN THE RAT. W, Samuel#. E. Brush. E. Masliah#.
M. Garcia-Munoz, P. Patino, S. Young, P. Groves*, Depts. of Neurosciences# and
Psychiatry, Univ. of Calif. Sch. of Med., San Diego, CA 92093-0624.
Prior studies of postmortem tissue from the hippocampal formation (HF) found
lesions in the dentate-hilar area to be particularly correlated with Alzheimer’s dementia,
and prior animal work has suggested that lesions to this area might be particularly disruptive of learning and memory in the rat. As a test of this hypothesis, 30 male rats
50 days of age were trained to press a lever to obtain sucrose pellets on an FR3 schedule only when a stimulus light was off. At 80-82 days of age 10 animals received
bilateral injections of 0.2 ul ibotenic acid (20 mM) in the anterior and posterior dentate
gyrus/hilar region (DG/H), 10 other animals matched for learning ability were injected
with ibotenic acid in the anterior and posterior cornu ammonis (CA2/3), and 10 underwent sham lesions. Eight days after surgery, animals were tested for 30 minutes with
the FR3 light discrimination task. On all performance measures, the DG/H group displayed the greatest impairment and the sham controls the least, with the CA2/3 group
falling in between: minutes to attain an FR3 criterion performance (p< .006), minutes maintaining an FR3 criterion (p<.04), ratio of light on to light off bar presses
(p<.004), and number of reinforcements (p<.06). Five to 8 weeks later, rats underwent
a one hour trial on an alternating response task involving two response levers, which
required the animal to press the left bar (the one previously present) and then the right
bar in order to obtain a pellet. The rats exhibited a high rate of bar pressing, but it
was nonetheless very difficult for them to learn the alternating sequence. The DG/H
group had the most impairment, both in terms of obtaining reinforcements (p<.005)
and in terms of the ratio of left bar presses to reinforcements, a measure of inappropriate perseveration (p<.03). Following perfusion and sacrifice, histology with H&E
and immunocytochemistry with glial fibrillary acidic protein confirmed the accuracy of
the bilateral lesion placements.

762.11
SELECTIVE IMPAIRMENTS OF SPATIALLY-MEDIATED BEHAVIORS
PRODUCED BY TRANSIENT, LIDOCAINE-INDUCED LESIONS OF THE
VENTRAL HIPPOCAMPUS OF THE RAT. A.G. Phillips. S,B. Floresco. J.K.
Seamans and R.C. Tecs* Dept.of Psychology, University of British Columbia,
Vancouver, B.C., V6T 1Z4
The ventral hippocampus (VH) is part of a neural circuit which includes the
prelimbic region (PL) of the medial prefrontal cortex and the nucleus accumbens
(N.Acc.). Previous reseach has shown that the N.Acc. (Seamans and Phillips,
Behav.Neurosci, 1994(108) 456-468 ) but not the PL (Seamans, Floresco and
Phillips, 1994, Societyfor Neuroscience abstracts, 494.4) is essential for spatiallymediated foraging behavior in the rat. The purpose of the present study was to
determine the unique contribution of the VH to spatially-mediated behaviors.
Well trained rats with lidocaine-induced lesions of the Vh made more revisit
errors (relative to saline controls) on a radial arm maze task, in which 4 out of 8
arms were baited randomly. Lesions in a separate group of rats produced
impairments in the acquisition of a water maze task, but did not effect retention of
spatial information on this task at a time when the anesthetic effects of lidocaine
had dissipated. Transient lesions of the VH prior to retention of a water maze task
produced no impairments in performance. Taken together, these results suggest
that 1) the VH is not involved in the retention of spatial information of a water
maze task, but 2) the VH is involved in “on-line” processing of spatial information
during foraging on a radial arm maze or acquisition of a water maze task. Given
the result of our previous studies, it is proposed that the VH specifically interacts
with the N.Acc, but not PL, to guide spatially cued foraging behavior.
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762.8

PARTIAL HIPPOCAMPAL KINDLING CAN PRODUCE A TEMPORARY
DEFICIT IN PLACE LEARNING BY RATS IN THE MORRIS WATER
TASK. R. I. Sutherland*. L. S. Leung. R. J. McDonald. & M. P Weisend.
Depts. of Psychol., Univ. of New Mexico, Albuquerque, NM, and Depts. of
Physiol. & Clin. Neurol. Sci., Univ. of Western Ontario, London, Canada.
Partial hippocampal (HPC) kindling has been shown to affect
performance by rats in the radial arm maze task for about 3 weeks after
stimulation (Leung, et al. Behav. Brain Res., 40:119-129, 1990). We sought
to extend these observations in another task, the Morris water task, which
is also known to be sensitive to damage in the hippocampal formation. We
conducted two experiments to determine if induction of 20 HPC
afterdischarges (ADs) affects place navigation in rats.
First, we implanted 12 rats with electrodes bilaterally in the CA1
region. Half of the rats received 21 ADs (1 sec train of 100 ps duration
pulses at 100 Hz); the others received only low frequency stimulation.
They were trained in the fixed location, hidden platform version of the
Morris water task, receiving 8 trials on days 1, 2, 3, 7, 14, and 21 after the
last stimulation. Partially-kindled and control rats learned at
comparable rates and attained a similar level of performance. Second, we
trained 18 rats in the hidden platform, moving location version of the task
before delivering stimulation. After the last session we tested their
performance in the original pool room and a new room. We found a small,
but statistically significant, deficit in place learning set in the old and
new rooms, 1 day and 1 wk, but not 3 wks after partial kindling.
These results extend the conclusion that in tasks sensitive to
hippocampal damage, including the radial arm maze and place learning
in the Morris water task, partial hippocampal kindling can disrupt
performance for many days. (Supported by NIH 25383)

762.10

FIMBRIA/FORNIX LESIONS ENHANCE PERFORMANCE ON A
NON-SPATIAL TRAJECTORY TASK IN THE WATER MAZE.
A.M. White. D.B. Matthews. P.J. Best*. Dept. of Psychology and Center
for Neuroscience, Miami University, Oxford, OH 45056
Lesions of hippocampal connections, such as the fimbria-fornix, impair
performance on tasks that require the formation of a spatial-cognitive
map, but spare the ability to solve non-spatial tasks. A number of studies
on the radial-arm maze have found that rats with fimbria-fornix lesions
actually perform better than intact rats on various non-spatial tasks.
However such has never been reported in the Morris water maze, perhaps
because the non-spatial tasks previously used have been too easy.
The current study compares performance of intact and fimbria-fomix
lesioned rats on a spatial task and a relatively difficult non-spatial
trajectory task in the Morris water maze. Subjects were started from four
different locations on each of seven days of training. In the spatial task,
the platform location remained fixed with respect to the training room,
regardless of the start location. In the trajectory task, the platform
location remained fixed with respect to the start location (i.e. to the left of
the start position), regardless of the position in the room. The results show
that lesioned animals were impaired on the spatial task (p<.05) but
performed significantly better than controls on the trajectory task (p<.05).
The results suggests that the formation of a spatial cognitive map by the
intact animals placed them at a disadvantage on the non-spatial trajectory
task. The fimbria-fomix lesioned rats could not form such a map, and
therefore did not suffer the same disadvantage on the trajectory task.

762.12

SELECTIVE IMPAIRMENT ON A DELAYED RADIAL ARM TASK
FOLLOWING LOCAL ADMINISTRATION OF A D1 BUT NOT D2
ANTAGONIST INTO THE PREFRONTAL CORTEX J.K. Seamans* . G.R.
Wunderlich, S .B. Floresco & A.G. Phillips Dept.of Psychology, University of
British Columbia, Vancouver, B.C., V6T 1Z4
Recently we have demonstrated a preferential involvement of the prelimbic
region (PL) of the rat medial prefrontal cortex in delayed but not single phase
foraging behavior. Using an in vitro slice preparation we also have shown that
neuronal activity in this region is modulated by dopamine, primarily via
stimulation of the D1 receptor (Yang & Seamans, Society for Neuroscience
abstracts, 1995 ). In order to gain insight into the behavioral consequences of
dopaminergic modulation in the PL, D1 or D2 antagonists were delivered locally
into this region prior to the performance of a delayed or single phase foraging task
on an 8-arm spatially-cued radial maze. The D1 antagonist SCH-23390 (0.05,
0.5, 5ug/ 0.5ul), but not the D2 antagonist sulpiride (0.05, 0.5, 5ug/ O.5ul), dosedependently disrupted performance on the delayed spatial win-shift task in which
the rats were required to visit 4 open and baited arms during a Training phase and
to visit the 4 remaining arms that were baited 3Omin later during a Test phase.

Rats receiving SCH-23390 injections made an equal number of across phase
errors(revisits to arms visited during the Training phase) and within-phase
errors(revisits to arms visted within the Test phase), indicating disorganization of
the effecient foraging strategy. In contrast, similar doses of these drugs had no
effect on performance of the random foraging task in which 4 of 8 arms were
baited randomly each day. These results compliment data obatined in the primate,
and demonstrate that the D1 but not the D2 receptor in the PFC is essential for
accurate performance on tasks in which information acquired prior to a delay is
used to organize prospective responses.
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762.14

THE ROLE OF THE HIPPOCAMPUS IN REDUCING SPATIAL
INTERFERENCE. W.E. DeCoteau*, R.P. Kesner and P. Gilbert.

HIPPOCAMPAL LESIONS AND TEMPORAL PROCESSING IN THE
PIGEON:
THE USE A DURATION MATCHING-TO-SAMPLE
PROCEDURE TO EXAMINE HIPPOCAMPAL FUNCTION. J.M. Dose. PJ,
Kraemer. C.K. Randall. R.W. Brown & J.F. Zolman*. Depts. of Psychology and
Physiology, University of Kentucky, Lexington, KY 40506.
The role of the avian hippocampus in subjective timing and short-term memory
of temporal events was studied using a duration matching-to-sample (MTS)
procedure. Pigeons were initially trained on two duration MTS problems in
succession. Samples consisted of 2- and 10-s durations of a red light presented
from the front wall or white light presented from the ceiling. Choice stimuli
consisted of red, blue, green and yellow solid colors presented on two side keys.
Correct choices were followed by 2-s access to grain before a 15-s ITI
commenced; incorrect choices immediately produced the 15-s ITI. Before and
after receiving bilateral aspiration lesions of the hippocampus, pigeons were
tested with normal (nonprobe) and probe trials in both the subjective timing and
short-term memory tasks. Nonprobe trials for both test sessions consisted of red
and white samples immediately followed by appropriate choice stimuli. Test
sessions of subjective timing included a random presentation of 40 nonprobe and
8 probe trials. These probe trials consisted of red or white samples presented for
3-, 5-, 7-, or 9-s. Compared with pre-lesion performance, pigeons were more
likely to respond "long” following hippocampus lesions, but this effect differed as
a function of sample color. Test sessions of short-term memory included a
random presentation of 24 nonprobe and 24 probe trials. These probe trials also
involved 2- or 10-s presentations of red or white light; but, 0-, 1-, 3-, 6-, 9-, or
12-s delays were imposed between signal offset and choice stimuli onset. Preand post-lesion accuracy was disrupted on long samples following the retention
interval but this effect was not found using short samples. Results will be
discussed in terms of changes in temporal processing following a disruption of
normal hippocampus functioning.

Dept. of Psychology, University of Utah, Salt Lake City, UT 84112

A delayed-match-to-sample for spatial location task on the
dryland version of the Morris water maze was utilized to assess
spatial interference in rats. During the task's study phase an object
which covered a baited food well was randomly positioned in one
of six possible spatial locations. Rats exited a start box and
displaced the object in order to receive the food reward and were
then returned to the start box. On the ensuing test phase rats were
allowed to choose between two objects which were identical to the
study phase object. One object was baited and positioned in the
previous study phase location (correct choice), the other was
unbaited and placed in a different spatial location (incorrect choice).
Five distances (min = 15 cm, max = 105 cm) were randomly used
to separate the foil from the correct object. Following the
establishment of a criterion of 75% correct averaged across all
separation distances, rats were given either hippocampal or cortical
control lesions. Post-surgery control animals matched their presurgery performance for all spatial distances. Hippocampal lesioned
animals displayed impairments for short (15 cm - 37.5 cm) and
medium (60 cm) spatial separations, but performed as well as
controls when the spatial separation was long (82.5 cm - 105 cm).
These results suggest that the hippocampus plays a significant role
in reducing the interference produced by proximally close spatial
locations.

762.15

762.16

THE EFFECTS OF HIPPOCAMPAL LESIONS IN PIGEONS: VISUAL DMS
WITH INTERFERENCE AND SPATIAL MEMORY. M. Colombo* and S.
Cawley. Department of Psychology, University of Otago, Dunedin, New Zealand.
Previously (SN Abstracts, 20, 1012) we reported that hippocampus and area
parahippocampalis (Hp-APH) lesions in pigeons had no effect on the postoperative
retention or acquisition of a visual DMS task, or the postoperative acquisition of a
concurrent discrimination task. Given that Hp-APH lesions cause deficits in homing
behavior, these results suggested that the hippocampus in pigeons functions mainly
to support the processing and retention of spatial, rather than visual, information.
A number of primate studies have reported that the effects of hippocampal lesions
are exacerbated under conditions of interference. In this current study we explored
whether visual DMS behavior in pigeons was impaired by testing with two forms of
interference. The same ten subjects that served in the previous report served in the
current studies. Five had received bilateral Hp-APH lesions and five served as
unoperated controls. In Experiment 1, we examined the effects of proactive
interference on visual DMS behavior by testing the pigeons with either a 15 sec or
1 sec intertrial interval (ITI). Confirming previous studies, reducing the ITI led to an
impairment in performance. However, both control and Hp-APH pigeons were
equally affected. In Experiment 2, we examined the effects of retroactive interference
by interjecting visual interference during the delay period. Visual interference reliable
impaired performance in both control and Hp-APH pigeons. Again, however, both
control and Hp-APH pigeons were equally affected. In Experiment 3, we examined
the effects of Hp-APH lesions on the acquisition of a open-field radial maze task. Of
the five birds tested to date, three Hp-APH pigeons required 38, 41, and 47 days to
learn the task, whereas two control pigeons learned the task in 6 and 14 days. These
results provide further evidence that the pigeon hippocampus is important for the
processing and retention of spatial rather than visual information.

SEASONAL DIFFERENCES IN FOOD-STORING, BUT NOT SPATIAL
MEMORY
OR
HIPPOCAMPAL SIZE
IN WHITE-BREASTED
NUTHATCHES. K. Petersen and D.F. Sherry*. Dept. of Psychology, Univ.
of Western Ontario, London, Ontario, Canada, N6A 5C2.
Several recent studies have described seasonal differences in hippocampal size
and neurogenesis that are correlated with seasonal changes in food-storing
behaviour. In Black-capped chickadees, both the relative size of the
hippocampus and the number of [3H] thymidine labelled neurons in the
hippocampus were found to be greatest in October, which coincides with the
onset of food-storing (Barnea & Nottebohm, PNAS 1994 91, 11217; Smulders
et al. J. Neurobiol. 1995 27, 15). We wished to determine whether seasonal
differences in the size of the hippocampus coincided with seasonal changes in
food-storing and spatial memory in the food-storing White-breasted nuthatch
(Sitta carolinensis).
Birds were captured in the wild between October and April. Food-storing
behaviour was observed in an outdoor aviary for two days. Accuracy of memory
for caches was determined during five days of observation in an indoor aviary.
Birds were sacrificed and volume of the hippocampus, telencephalon, and lobus
parolfactorius were determined. Behavioural results indicated that birds in the
winter months had significantly higher levels of caching and cache retrieval than
spring birds. No seasonal differences were found in the accuracy of memory for
cache sites. Neuroanatomical results indicated a larger telencephalon in spring
than in winter, but no seasonal difference in relative size of the hippocampus,
or lobus parolfactorius. Thus, no seasonal difference in spatial memory or
relative size of the hippocampus was found to coincide with the observed
seasonal change in food-storing activity.

762.17

762.18

PLACE LEARNING ON THE MORRIS WATER TASK DOES NOT REFLECT
CM SYNAPTIC DENSITY CHANGES ACROSS THE ESTROUS CYCLE. S.G.
Warren* and J.M. Juraska. Dept, of Psychology, University of
Illinois, Champaign, IL 61820.
Synaptic density and long term potentiation (LTP) in hippocampal
CA1 stratum radiatum vary significantly across the rat estrous
cycle. The current study examined the behavioral implications of
these rapid neural changes across the estrous cycle. While previous
studies have suggested that spatial learning varies between the
behavioral estrous and diestrus phases of the cycle no attempts were
made to minimize the stressful aspects of the task, even though the
stress response varies significantly across the estrous cycle. In the
current study females in each phase of the estrous cycle and males
were trained on a place version of the Morris water task, with each
female's training restricted to one phase of the cycle. To reduce the
stress involved with performance on this task all animals received
extensive handling and pre-training (in a different room) in a
small water maze with a visible platform. Results indicated that

THE ESTRUS CYCLE AFFECTS SPATIAL LEARNING IN ANIMALS WITH
HIPPOCAMPAL DAMAGE. B. Therrien*. E. K. Hebda-Bauer. N, J. Bidlack.
The University ofMichigan, Ann Arbor, MI 48109-0482
Damage to the hippocampus (HPC) produces greater place navigation deficits
in females than males. We also find that female animals with HPC damage are
more resistant to therapy and more distractible than males. This study examined
the influence of the estrus cycle on spatial learning in the presence and absence of
HPC damage. We hypothesized that the stage of estrus on the initial test day
influences spatial learning on subsequent days as prior work has shown that the
majority of learning occurs between the first and second day ofbehavioral testing.
Adult female (N = 32) rats received bilateral HPC lesions or sham surgery
(control). Upon recovery, all animals were given 4 days of testing on the Morris
water task. Daily vaginal smears determined the stage of estrus cycle. As
expected, behavioral testing revealed that animals with bilateral damage were
markedly impaired when compared to controls (p<.05). Stage of the estrus cycle
did not significantly affect performance in controls. In contrast, lesioned animals
in proestrus (proestrus and early estrus: high estrogen levels) learned the place
navigation task more efficiently than those in diestrus (metestrus and diestrus: low
estrogen levels), as evidenced by shorter swim times on the first 2 days (day 1:
X = 71.06 ± 13.98 vs X = 114.09 ± 19.96, p = .10 and day 2: X = 39.25 ± 14.01
vs X = 91.03 ± 14.61, p<.05). The groups continued to differ across all 4 test days.
The extent of HPC damage did not differ between the two lesioned groups.
Qualitative analyses of swim paths revealed that lesioned animals in proestrus
displayed more purposeful psychomotor learning strategies compared to the
perseverative patterns of females in diestrus. These results show that animals with
HPC damage quickly adopt more efficient learning strategies when estrogen levels
are high We therefore conclude that spatial learning is enhanced by peak estrogen
levels.

performance varied across the estrous cycle. On several measures
females in estrus were similar to males, while rats in diestrus
were similar to those in proestrus, with females in proestrus
performing more poorly than males and females in estrus. The
anatomical and LTP changes across the cycle do not correlate with
the behavior. Supported by NSFIBN9310945 to JMJ and HD07333
toSGW.
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762.19

EXPLORATORY BEHAVIOR IMPROVES SPATIAL LEARNING IN FEMALES
WTTH UNILATERAL HIPPOCAMPAL LESIONS. T. Briones*.
C. Pacini. B. Therrien. The University of Michigan, Ann Arbor, MI 48109-0482
Exploratory behavior is thought to enhance spatial learning; such behaviors are
reportedly absent in rats following bilateral hippocampal (HPC) damage. Our
prior work revealed gender differences in animals with HPC damage. Specifically,
females, unlike males, engage in exploration nearly as much as controls when
exposed to a novel environment. Although females with bilateral HPC lesions
engage in exploration, they still have spatial learning deficit. The purpose of this
study was to determine if the association between exploration and spatial learning
is a function of the amount of hippocampal damage. Adult female rats were
randomly assigned to either unilateral (n = 29) HPC lesion or sham surgery
(n = 12). Following recovery, rats were tested for four days on the Morris water
task. Exploratory activities, i.e., rearing and circling were recorded for 30 seconds
once the rats reached the platform. Rats with unilateral HPC damage engaged in
as much or more exploration as controls. When lesioned animals were categorized
as having greater than average exploration (X activity >12 epochs) vs average
exploration (x activity <12 epochs) on test Days 1 and 2, a significant learning
effect was found. Those that engaged in more versus average exploratory behavior
showed_enhanced spatial learning evidenced by improved directional heading on
Day 3 (x = 17.97 ± 3.3 vs 43.69 ± 5.7 degrees error, p<.001) and Day 4
(x = 16.43 ± 3.0 'vs 36.65 ± 6.8 degrees error, p = .01, respectively). No
differences were noted in swim latency. However, all lesioned animals remained
impaired compared to controls (p<.05). In addition, no significant difference were
seen in control animals when categorized by degree of exploration. We conclude
that female rats with unilateral HPC lesions actively explore new places but that
these animals need a greater than average amount of exploratory activity to
improve spatial learning performance.

LEARNING AND MEMORY:

763.1

INTERACTIONS BETWEEN BENZODIAZEPINE AND DOPAMINE
RECEPTORS IN THE MODULATION OF CORTICAL ACETYLCHOLINE
RELEASE H. Moore*, M. Sarter and J ,P. Bmno, Dept. of Psychology and

Neuroscience Program, The Ohio State University, Columbus, OH 43210
Benzodiazepine receptor (BZD-R) inverse agonists have been shown to
disinhibit cortical acetylcholine (ACh) efflux via their ability to negatively
modulate GABA-mediated chloride flux in the basal forebrain. In the present
experiments, the BZD-R partial inverse agonist, FG 7142, was used to test the
hypothesis that dopamine (DA) receptors in the nucleus accumbens (NA) interact
with GABAa /BZD-R in the regulation of cortical ACh release. Systemic
administration of FG 7142 was preceded by systemic or intra-accumbens
administration of selective D1 (SCH 23390) and D2 (clebopride) antagonists, and
the neuroleptic haloperidol. ACh efflux in the frontal cortex was measured in
awake animals using in vivo microdialysis. FG 7142 (8.0 mg/kg) increased
cortical ACh efflux. This increase was dose-dependently attenuated by systemic
administration of the D1 antagonist (0.1, 0.3 mg/kg) or haloperidol (0.15, 0.9
mg/kg). The D2 antagonist, clebopride (10 mg/kg), however, had no effect on
stimulated ACh efflux. Haloperidol administered into the NA (10, 100 pM)
appeared to block FG 7142-stimulated cortical ACh efflux, whereas equimolar
doses of SCH 23390 into the NA did not. Neither drug administered
intracortically, via the microdialysis probe, blocked FG 7142-increased ACh
efflux. These results suggest that the well known ability of FG 7142 to stimulate
DA release may contribute to the induction of cortical ACh release. This DAmediated effect does not occur locally within the frontal cortex and the site of
action of D1 antagonists (i.e. non-accumbens) and neuroleptics
(i.e. accumbens) can be dissociated.

763.3

EFFECTS OF LESIONS OF THE DORSAL NORADRENERGIC
BUNDLE ON BEHAVIORAL VIGILANCE. S. Ruland* V. Ronis. J.P.

Bruno and M, Sarter. Department of Psychology & Neuroscience Program,
The Ohio State Univ., Columbus, OH 43210.
The different cognitive functions of the major cortical afferent
systems have remained unsettled. An operant procedure that required the
animals to • detect visual signals (presented for 25 - 500 msec) and to
discriminate signals from non-signals was used to assess the role of forebrain
noradrenergic afferents in behavioral vigilance. Measures of performance
include the relative number of hits and misses (correct and incorrect
responses to signals), and correct rejections and false alarms (correct and
incorrect responses to nonsignals). Performance was characterized by a signal
length-dependent ability to detect signals, and by performance decrements
over time (vigilance decrement). Following the pretreatment with Pargyline
(50 mg/kg), 6-hydroxydopamine was injected into the dorsal noradrenergic
bundle (2 pg/pl/hemisphere). The lesion reduced the concentrations of
noradrenaline in the cortex by > 90 % and in the hippocampus > 80 %.
Postsurgery performance of the lesioned animals was characterized by
relatively small and rapidly recovering decreases in both the relative number
of hits and correct rejections. This finding contrasts with the persistent,
potent, and selective decrease in the relative number of hits following 192
IgG-saporin-induced basal forebrain lesions (McGaughy et al. 1995). Thus,
behavioral vigilance as measured by this procedure critically depends on the
integrity of forebrain cholinergic, but not noradrenergic inputs.
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ACUTE CORTICOSTERONE REPLACEMENT THREE-MONTHS
AFTER ADRENALECTOMY IMPROVES PERFORMANCE IN A
MORRIS WATER MAZE DESPITE DEGENERATION IN THE
DENTATE GYRUS. CM. McCormick. M. McNamara. J.E, Kelsey. &
N.W. Kleckner*. Departments of 'Psychology and Biology. Bates College.

Lewiston, ME Q424Q. USA-

Adrenalectomy (ADX) causes loss of dentate granule cells and impairs
spatial memory performance (e.g., Sloviter et al, 1989; Conrad & Roy,
1993). These losses are prevented by continuous replacement of
corticosterone (CORT). We investigated the effects of acute CORT
replacement on water maze performance following long-term ADX. Of
the 27 ADX, 9 were considered complete ADX on the basis of plasma
CORT levels, low body weight, and saline intake. The remaining were
considered incomplete ADX (INC). 18 rats had sham surgery.
Approximately half of ADX, INC, and SHAM groups were given CORT
in their drinking water (20 pg/ml) 5 days prior to, and during the 5 days
of testing. Testing consisted of animals learning to find a submerged
platform ina water maze from different start locations (6 trial/day for 5
days). There was an effect of group, and an interaction between group
and replacement for both latency and distance to reach the platform:
ADX showed poorer performance than both INC and SHAM, who did
not differ. There was no effect of CORT replacement in INC and SHAM.
CORT replacement improved ADX performance compared to ADX w/o
replacement, and made their performance similar to that of the other four
groups. At the end of behavioural testing, ADX+CORT rats showed
significant weight gain compared to all other groups. There was no effect
of CORT replacement on plasma glucose levels: both groups of ADX
showed lower levels than SHAM and INC. Preliminary analysis indicated
a 40% reduction in area of the dentate granule layer in ADX and
ADX+CORT compared to INC and SHAM. The means by which acute
CORT treatment improved the performance of ADX rats is unknown.

SYSTEMS AND FUNCTIONS XIV

763.2

BIDIRECTIONAL TRANS-SYNAPTTC MODULATION OF CORTICAL
ACETYLCHOLINE IN INTACT AND 192 IgG-SAPORIN-LESIONED
RATS. J.Fadftl*, H. Moore, B. Givens, M. Sarter and J.P. Bruno, Dept. of

Psychology and Neuroscience Program, The Ohio State University, Columbus,
OH 43210
Loss of cortically-projecting basal forebrain cholinergic neurons correlates with
the cognitive decline associated with Alzheimer’s disease. Trans-synaptic
modulation of the remaining cholinergic neurons may prove therapeutic by
augmenting cortical acetylcholine (ACh) release in close temporal contiguity with
the activating demands of cognitive processing. Ligands that modulate the
GABAA/benzodiazepine receptor (BZD-R) complex represent a putative site for
this type of modulation. The present study utilized in vivo microdialysis in awake
rats to assess the effects of positive and negative modulators of GABA-mediated
chloride flux on cortical ACh efflux in awake intact rats and in rats sustaining
cholinergic deafferentation with cortical microinfusions of the immunotoxin 192
IgG-saporin. Lesioned animals exhibited a 50-60% reduction in basal cortical
ACh efflux but responded to the GABA negative modulator, BZD-R partial
inverse agonist FG 7142 (8.0 mg/kg) with a stimulation of ACh efflux similar in
magnitude to that seen in intact rats (100-200% above baseline). These findings
were confirmed with another negative modulator of GABA, the BZD-R weak
inverse agonist ZK 93 426. Acute systemic administration of the postive GABA
modulator ethanol (1.0 g/kg, ip) produced an initial increase, followed by a
decrease in cortical ACh efflux in intact animals. The effects of localized
perfusions of ethanol and its affect on cortically deafferented rats will also be
discussed.

763.4

FUNCTIONS OF CHOLINERGIC INPUTS TO VISUAL CORTICAL
AREAS: EFFECTS OF VISUAL CORTICAL CHOLINERGIC
DEAFFERENTATION ON VISUAL ATTENTION IN RATS.
LA. Hollev* and M. Sarter. Department of Psychology & Neuroscience

Program, The Ohio State Univ., Columbus, OH 43210.
The functions of the cholinergic inputs to visual cortical areas remain
largely unknown. Likewise, the extent to which the loss of cholinergic inputs
to the visual cortex contributes to the impairments in visual and cognitive
functions in senile dementia is not clear. Our previous research on the effects
of infusions of 192 IgG-saporin into the visual cortex revealed an impairment
in the acquisition, but not performance, of complex visual discriminations of
variable difficulty. In the present experiment, 192 IgG-saporin (0.008 pg/0.8
pl) wan infused into the primary and secondary visual cortex (two infusion
sites per hemicphsre- o^ rats tgarned in a visual suetained attention task
(McGaughy & Sarter; PsychopCarmacol. n 17:340^^). This task requires
the animals to detect visetal signals prcosnted for 25, 50 oa 500 msec and to
d-scriminats these signafs from non-signals. Presenm data suggnst that the
partial loss of chflinergic input to visual cortical oreas impair performance,
primneily by decreasing the animal ability to detece lsngets signals and to
cgrrectly reject non-signal trials. These find^egs contrast with the selective
and signal length-dependent dAcrease in the detection of signaSs in animals
with e92 IgG-s;aporin lesimns of the basml forebrain and suggmst a discrete
function of visual cortical ACh in visual attention.
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763.5

763.6

INTERACTIONS BETWEEN THE ATTENTIONAL EFFECTS OF
INTRABASALIS INFUSIONS OF BZR AGONISTS AND INVERSE
AGONISTS AND SYSTEMIC HALOPERIDOL. J. McGaughy* and M.

CORTICAL ACETYLCHOLINE EFFLUX AND SINGLE UNIT
ACTIVITY IN RATS PERFORMING OPERANT PROCEDURES
ASSESSING BEHAVIORAL VIGILANCE OR SENSORIMOTOR AND
MOTIVATIONAL TASK COMPONENTS.
A.-M, Himmelheber. H.
Moore. J, McGaughy. B, Givens. J.P. Bruno and M. Sarter*. Department of

Sarter. Dept. Psychology & Neuroscience Program, The Ohio State Univ.,
Columbus, OH 43210.
Previous work demonstrated that infusions of the benzodiazepine
receptor (BZR) agonist chlordiazepoxide (CDP) or the BZR inverse
agonist p-carboline P-CCM into the substantia innominata of the basal
forebrain produced dissociable effects on the performance of animals
tested in a behavioral vigilance task. Specifically, CDP selectively
decreased the animals’ ability to detect signals while their ability to
correctly reject non-signal trials remained unaffected. In contrast,
infusions of P-CCM selectively increased the relative number of false
alarms (i.e., claims for hits in response to non-signal trials; Holley et al.,
Psychopharmacol., in press.). Because these findings were related to the
contrasting effects of BZR agonists and inverse agonists on cortical
acetylcholine (ACh) efflux (Moore, Sarter, & Bruno, Neurosci. Lett., in
press), and because of the transsynaptic regulation of cortical ACh efflux
by accumbens dopamine via its effects on the accumbens GABAergic
projection to the basal forebrain neurons, this experiment tested the
hypothesis that systemic co-administration of haloperidol (0.001 - 0.01
mg/kg) augments the attentional effects of intrabasalis infusions of the
BZR agonist (40 pg/hemisphere) and attenuates the attentional effects of
intrabasalis infusions of the BZR inverse agonist (3 pg/hemisphere).

Psychology & Neuroscience Program, The Ohio State Univ., Columbus, OH
43210.
The study of the cognitive functions of cortical acetylcholine (ACh)
requires experimental approaches aimed at measuring the activity of cortical
cholinergic afferents in relationship to cognitive activities which recruit this
system. Animals were trained in an operant vigilance task (McGaughy et al.,
Psychopharmacol. 117:340-357). Animals were prepared for the
measurement of cortical ACh efflux as described in Moore et al. (Brain Res.
627:267-274) or for multiple single unit recording (Givens, Neurosci. in
press). Medial prefrontal (i.e., prelimbic) ACh efflux increased as a result of
transfer of the animals to the test chamber and task onset. Presentation of
“background noise” (houselight flashing at 0.5 Hz) during one of the 4 blocks
of trials significantly impaired performance, increased cortical ACh efflux and
increased spontaneous prelimbic neuronal activity. Different groups of
animals were trained in a series of behavioral control procedures assessing the
role of motor performance, response habits, reward loss, and sensory stimuli
in ACh efflux and neuronal activity. The results from these experiments
provide the basis for a discussion about the procedural and conceptual issues
important for studies on the cognitive functions of cortical ACh.

763.7

763.8

A CENTRAL CHOLINERGIC LINK IN THE CARDIOVASCULAR
EFFECTS OF THE BZR PARTIAL INVERSE AGONIST FG 7142.
V. Ronis. S. Ruland. S. Hart. M. Sarter and G.G. Bemtson*. Dept.

COMPARISON BETWEEN THE EFFECTS OF INFUSIONS OF 192
IgG-SAPORIN INTO THE BASAL FOREBRAIN OR THE CORTEX ON
BEHAVIORAL VIGILANCE. D. Wendelin. J. McGaughy. B,H, Smith*

Psychology & Neuroscience Program, The Ohio State Univ., Columbus, OH
43210.
Previous work demonstrated that systemic administration of the
benzodiazepine receptor (BZR) partial inverse agonist fi-carboline FG
7142 (FG) augments the cardiovascular response to nonsignal stimuli, and
mimics the cardiovascular effects of a conditioned stimulus for an
aversive event. Analyses of the parasympathetic and sympathetic
contributions to the effects of FG prompted the hypothesis that increases
in central cholinergic activity mediates the potentiation of the
cardioacceleratory response by FG. Consistent with this' hypothesis, the
present experiments demonstrate: a) ICV infusion of the muscarinic
receptor agonist carbachol mimics the response-potentiating effects of
FG; b) this effect of carbachol was blocked by ICV co-administration of
the muscarinic antagonist atropine; c) ICV infusions of atropine blocked
the potentiation of the cardioacceleratory response by systemically
administered FG, but did not alter the basal response to the stimulus; and
d) 192 IgG-saporin-induced lesions of basal forebrain cholinergic neurons
prevented the FG-induced potentiation of the cardioacceleratory
response, without altering the basal cardiac response. These data strongly
support the hypothesis that the effects of FG on cardiac reactivity are
mediated via an activation of central muscarinic cholinergic mechanisms.

and M. Sarter. Department of Psychology & Neuroscience Program, The
Ohio State Univ., Columbus, OH 43210.
Cortical cholinergic deafferentation was produced either by bilateral
infusion of 192 IgG-saporin into the basal forebrain (0.42 mg/ml; 0.5
pl/hemisphere) or by infusions of the immunotoxin into the cortex (a total of
5 infusions/hemisphere; 0.01 mg/ml; 0.5 pl/infusion; see Holley et al., Brain
Res. 663 :277-286). Following surgery, control animals and lesioned animals
were retrained in an operant procedure designed to measure the animals’
ability to detect visual signals (presented for 25 - 500 msec) and to
discriminate signals from non-signals, i.e., behavioral vigilance. Additionally,
the hypothesis that administration of the benzodiazepine receptor partial
inverse agonist FG 7142 or the cholinesterase inhibitor physostigmine
improves the lesioned animals’ performance was tested. Basal forebrain
infusions resulted in > 90 % loss of frontoparietal cortical AChE-positive
fibers. Intracortical infusions decreased fiber counts by less than 50 %. Basal
forebrain lesions resulted in a persistent impairment in the animals’ ability to
detect signals but did not affect their ability to correctly reject non-signa
trials. Beneficial drug effects were not found in basal forebrain lesioned
animals, possibly because of the almost complete loss of cholinergic neurons.
These findings are compared with the data from the intracortically infused
animals, and the usefulness of the two models will be discussed.

763.9

763.10

CORTICAL ACETYLCHOLINE AND PROCESSING CAPACITY:
EFFECTS OF CORTICAL CHOLINERGIC DEAFFERENTATION ON
CROSSMODAL DIVIDED ATTENTION IN RATS. J. Turchi, J.P. Bruno*

EFFECTS OF NERVE GROWTH FACTOR ON RATS GIVEN AN IMMUNOTOXIC
LESION OF p75-BEARING CHOLINERGIC BASAL FOREBRAIN NEURONS.
J.J. Waite*. J, Winkler. R.G.Wiley. D.A. Lappi. & LJ. Thai Dept. of
Neurosciences & Neurology, UCSD & VAMC, San Diego, CA 92161.
Immunotoxic lesion provides a more selective model for testing NGF
effects on the cholinergic basal forebrain. Rats received i.c.v. PBS or
192 IgG-saporin to produce either 50% (1pg) or 80% (2.7pg)
overall depletions of ChAT activity in four cortical regions, hippocampus and olfactory bulbs. Half of each group was then treated i.c.v.
with either 5pg/day NGF or cytochrome c for 7 weeks. Behavioral
testing was performed in treatment weeks 5-7. In each brain region
examined, NGF produced the greatest increase in ChAT activity in the
unlesioned group and the least increase in the highly lesioned group.
NGF-treated animals showed a deficit in single-trial passive avoidance
retention and an increase in acoustic startle response associated with
decreased habituation to startle. No lesion effect was observed in
either test. In the water maze, highly lesioned rats had a longer
latency to reach a visible platform. There was a significant overall
effect of lesion and of NGF treatment, but no interaction. Highly
lesioned rats were significantly impaired in finding a hidden platform
after learning to escape to a visible platform compared to controls.
NGF treatment significantly mitigated this lesion effect. All groups
learned to escape to the hidden platform. This study found that NGF
affected passive avoidance retention and acoustic startle independent of
the cholinergic lesion. Furthermore, NGF partially improved a
performance deficit produced by this lesion in the water maze.

and M. Sarter. Department of Psychology & Neuroscience Program, The
Ohio State Univ., Columbus, OH 43210.
Divided attention is a psychological construct that is characterized by
assumptions about the fixed finite capacity of subjects to simultaneously
process multiple sets of information. While the role of cortical acetylcholine
(ACh) in other aspects of attention (e.g., sustained, selective) is intensely
studied, the extent to which cortical cholinergic inputs mediate processing
capacity has remained unclear. An operant analogue of the crossmodal
divided attention paradigm was developed and the potency of scopolamine to
augment speed-accuracy tradeoffs was previously demonstrated (McGaughy,
Turchi, Sarter, Psychopharmacol. 115:213-220). In the present experiments,
local or global cortical cholinergic deafferentation was achieved by infusions
of 192 IgG-saporin into the medial prefrontal or frontoparietal cortex (local
deafferentation; Holley et al., Brain Res. 663:277-286) or into the basal
forebrain (global deafferentation). Performance following these lesions
suggests that local, restricted loss of cortical cholinergic inputs does not
robustly affect the animals’ ability to divide their attention between the
processing of auditory and visual response rules, contrasting with the effects
of global deafferentation. Cortical cholinergic mediation of processing
capacity may follow mass-action rules rather than being critically dependent
on single areas.
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763.11

763.12

CHOLINE EFFECTS ON MAZE PERFORMANCE ARE
MODERATED BY SEX, AGE & ACH AVAILABILITY. K.
Schultz*, L. Francis & N. Ward. Psychology Department,
University of Winnipeg, Winnipeg, MB, Canada R3B 2E9
Allocentric performance in the Morris water maze is
known to vary with sex. Males generally are slightly more
efficient at this task than are females. Further, performance
is also enhanced by pre- and postnatal choline supplementation. This study examined the allocentric performance of
160 Long-Evans rats, 80 of which had been exposed to
enhanced choline levels throughout gestation and for 21 days
after birth. Equal numbers of choline treated and control
male and female rats were tested at four developmental
stages: pup, prepuberty, midpuberty and adult. Finally half
of the animals in each condition were tested following a

INJECTION OF 192-lgG-SAPORIN INTO THE MEDIAL
SEPTAL AREA EXACERBATES A SPATIAL MEMORY
DEFICIT IN AGED RATS: A.W.. Bannon*. P. Curzon. K.L. Gunther,
and M.W. Decker. Neuroscience Research, D47W, 100 Abbott Park Rd.,
Pharmaceutical Discovery, Abbott Park, IL 60064-3500.
192-lgG-Saporin (IgG-Sap) is an immunotoxin that can be utilized to
selectively destroy basal forebrain cholinergic neurons. In this study, IgGSap or PBS was injected into the medial septal (MS) area of mature (6 mo
old) and aged (24-26 mo old) male Long-Evans rats. Ten days following
surgery, testing began in a battery of behavioral tasks including two
versions of the Morris water maze (i.e., invisible platform [Inv-P] task and
2-platform [2-p] task), inhibitory avoidance (IA), and pre-pulse inhibition of
acoustic startle (PPI). At the termination of the study, tissue from several
CNS sites was taken for analysis of ChAT activity.
On the Inv-P water maze task, we observed an age-associated
impairment during acquisition, but no effect of IgG-Sap in either age
group. Data from a probe trial conducted following 7 days of training (4
trials/day) revealed a significant spatial memory deficit in the aged rats.
Interestingly, this deficit was significantly more pronounced in aged rats
treated with IgG-Sap, an effect not observed in the 6 mo old rats. In the 2P water maze task, a minimal age-associated impairment was observed.
For the IA task, no significant age or treatment effect was found. In the
PPI task, aged rats were significantly less responsive to the acoustic
stimulus than the younger animals, but no effect of IgG-Sap was
observed for either age. Finally, significant reductions (i.e., 65%) in ChAT
activity of the dorsal hippocampus were observed in IgG-Sap treated rats
of both ages.
In conclusion, although IgG-Sap produced similar
reductions in ChAT activity of dorsal hippocampus in both mature and
aged rats, a significant effect of the IgG-Sap on spatial memory was only
observed in aged rats.

scopolamine challenge. Overall, animals exposed to
supplemental choline had shorter escape latencies. This
enhanced performance was most apparent in male pups and
prepubertal females. These differences are related to the
structure of the dentate gyrus. Following scopolamine
administration, animals previously exposed to choline had
longer escape latencies than controls, thus choline availability
as well as dentate gyrus structure differ in these groups.

763.13

763.14

SUBCELLULAR LOCALIZATION OF A LEARNING ASSOCIATED PROTEIN IN RAT
ASTROCYTES. A. Favit*, AM. Grimaldi, T.J. Nelson, AG. Schettini and D.L. Alkon. Lab. of
Adapt Sys., NINDS, NIH, Bethesda, MD 20892 U.S.A.; and A Dip. Neurosci., Sez. Farm., Univ.
Napoli "Federico II", Via S . Pansini 5,1-80131 Napoli, Italy.
In this study we have analyzed the subcellular localization ofcp2O, a snail GTP-binding protein,
whose phosphorylation by PKC has been implicated in associative learning of several species.
Cp2O subcellular distribution was studied in purified rat cortical type I astrocytes by indirect immunofluorescence using a polyclonal primary antibody affinity purified. Western blot analysis
showed that this antibody specifically reacted with cp2O in the rat astrocytes. Immunofluorescence
studies demonstrated that cultured astrocytes exhibited high cp2O immunoreactivity within the
nucleus. In addition, optical sections of astrocyte nuclei studied with a confocal microscope, confirmed the nuclear localization of cp2O immunoreactivity in the astrocytes. Although cp2O has
been shown to be closely related to ARF-class GTP-binding proteins, such as Sarip, we tested
whether other small GTP-binding proteins have the same subcellular localization. Surprisingly, no
immunoreactivity was observed in the nuclei of rat astrocytes following immunostaining with an
antibody recognizing Sarip protein, suggesting a peculiar role for cp2O in rat cortical astrocytes.
Since cp2O is specifically phosphorylated by PKC we tested the effects of phorbol esters upon
subcellular localization of cp2O. In serum-deprived astrocytes treated with 100 nM phorbol
mystrate acetate (PMA) for a period of time ranging between 15 and 180 min, cp2O nuclear immunoreactivity was no longer detectable from the nuclei of the astrocytes. However, in the presence of serum, time-dependent treatments with PMA did not affect the immunostaining for cp2O.
Accordingly with our previous observations, these findings suggests that cp2O may play a role in
the control of gene transcription, and moreover that PKC may exert a thight control of cp2O function in rat cortical astrocytes.

DEVELOPMENTAL INCREASE IN THE BEHAVIORAL
INDUCTION OF FOS PROTEIN IMMUNOREACTIVITY IN AREA
CA1 OF THE RAT HIPPOCAMPUS. Nicholas S. Waters*, AnnaY.
Klintsova, and Thomas C. Foster. Department of Psychology, University of
Virginia, Charlottesville, VA 22903.
Juvenile rats are unable to perform a number of learning and memory
tasks which, in adults, appear to require an intact hippocampus. This
inability appears despite competent sensory-motor systems, and the ability
to perform other learning tasks. Hippocampal responsiveness following
exposure to a memory task was studied in juvenile rats, using
immunocytochemistry to FOS. FOS protein is the product of the immediate
early gene c-fos, and has been considered a marker of cellular activity.
Thirty-th^^e littermate pairs served as experimental and control animals, and
were tested at P16, P23, and P3O (birth=PO) . Experimental animals were
tested for 5 min in a water-motivated alternation (Y-maze) task, placed into
a novel environment for 55 min, then perfused. Controls were sacrificed
immediately after removal from the home cage. Immunocytochemistry for
FOS protein was performed on free floating, 35 p m sections of the dorsal
hippocampus. Stained sections were digitized using an Olympus Cue-2
densitometry system, and cell counts were performed in 5 regions in the
hippocampus and dentate gyrus. There was no effect of age on baseline
FOS expression in any region. The behavioral manipulation resulted in a
significant increase in FOS immunoreactivity only in P30 subjects, and this
effect was restricted to area CA1. This increase coincided with a significant
increase in alternation behavior at the same age. These findings suggest
that developmental changes in CA1 are related to the emergence of spatial
alternation behavior, and are consistent with previous findings of
presynaptic changes in the CA3-CA1 synapse at this age. This work was
supported, in part, by NIH Grants NS31830 to TCF, and HD07323.

763.15

763.16

STIMULUS NOVELTY EFFECTS NACL TASTE-INDUCED
EXPRESSION OF C-FOS IN THE CNS OF GOLDEN HAMSTERS.
M. A. Barry*. E. J. Chesler. Dept. of BioStructure and Function,
University of Connecticut Health Center, Farmington, CT 06030-3705.

IMMEDIATE EARLY GENE (IEG) EXPRESSION DURING A
DISCRIMINATION TASK IN ADULT CAT VISUAL CORTEX : AN
IMMUNOCYTOCHEMICAL STUDY. E. Van der Gucht^^. L.
Arckens12. E. Vandenbussche2 G.A. Orban2 and F. Vandesande*!
1Lab. Neuroendocrin. & Immunol. Biotechnol., 2[_ab. Neuro- &

We are using the expression of the immediate early gene, c-fos, as
a marker for neuronal activity and protein synthesis induced by
gustatory stimulation. We first showed that a series of presentations
of 0.1 M sucrose or 0.15 M NaCl resulted in stimulus familiarity in
golden hamsters by utilizing the phenomenon of learned harmlessness
in a conditioned taste aversion (CTA) paradigm. Hamsters with
preexposure to the unconditioned stimulus showed a significantly
reduced aversion to the stimulus following a CTA relative to those
preexposed to water. Learned harmlessness had not been previously
demonstrated in hamsters. For studies of c-fos expression, animals
were either preexposed to NaCl (familiar group), or water (novel
group). The hamsters were then water deprived and given a drink of
0.15 M NaCl. After two hours the animals were sacrificed, and their
brains
were
processed
to
reveal
c-fos
protein
with
immunohistochemistry. There was greater c-fos expression in the
novel than the familiar group in many (but not all) areas of the brain
including gustatory parts of the parabrachial nucleus and insular
cortex. Thus a formed memory for familiar stimuli effects c-fos

expression associated with gustatory stimuli even in brainstem
gustatory nuclei.
Supported by 5P01-DC00168

Society

for

Neuroscience , Volume

21, 1995

Psychofysiol., K.U.Leuven, B-3000 Leuven, Belgium.
Using immunocytochemical methods we investigated the influence
of a visual learning process on the expression of two lEGs, c-fos and
zif-268, in the primary visual cortex of the adult cat. We compared the
expression levels of both lEGs in the visual cortex and somatosensory
cortex (Sll) from different cats before and after being trained in a bar
orientation discrimination task at different performance levels.
In the visual areas 17 and 18, but not in Sll, we detected different
degrees of c-fos and zif-268 labeling depending on the experimental
conditions. The expression level of c-fos and zif-268 was elevated in
the bar orientation discrimination cat after five days of training, during
which the cat really learns to distinguish between two bars of different
orientation. In contrast the expression levels of both lEGs in the
brains, i.e. before orientation discrimination training, or after
completion of the training (75% correct for an orientation difference of
5°) in bar orientation discrimination revealed a basal level of c-fos
positive nuclei in the supra- and infragranular layers, while the
expression of zif-268 immunoreactive neurons even was below basal
level in layers II, III, IVc and VI of area 17 and 18 in a full-trained cat.
Our results show that a discriminative learning process induces c-fos
and zif-268 expression in areas 17 and 18 of the cat visual cortex.

WEDNESDAY PM

LEARNING AND MEMORY:

763.17

SYSTEMS AND FUNCTIONS XIV
763.18

EFFECTS OF MATERNAL EXPERIENCE ON FOS-LIR IN MPOA,
AMYGDALA AND CORTEX. A.S. Fleming* and M. Korsmit. Erindale College,
University of Toronto, Mississauga, Ontario
L5L
1C6.
In order to determine what brain sites are activated during the acquisition and
retention of a maternal experience in postpartum rats, two studies examined the
number of cells showing Fos-like immunoreactivity (Fos-lir) in brains following
re-exposure to pups (USs and CSs) and pup-associated cues (CSs) in maternallyexperienced and inexperienced rats. In the first study, day 1 postpartum rats were
given a 2 hour interactive experience with pups and then re-exposed to pups or to
a neutral stimulus (perforated box) 4 days later. In the second study, day 1
postpartum rats were given a 4 hour interactive experience with pups and a neutral
box in a new cage or were left undisturbed. On day 10 postpartum animals were
exposed either to pups in the perforated box in the new cage (USs and CSs), to the
box and cage without pups (CSs alone), or left in the home cage. For both studies,
at the end of the test phase animals were sacrificed and brains were prepared for
immunohistochemical detection of Fos-lir.
In both studies the brain site showing the most consistent difference between
experienced and inexperienced animals was the medial preoptic area (mpoa), an
area of the brain known to be important for the expression of maternal behavior.
Fos-lir was higher in the mpoa of the experienced groups. Marginal experience
effects were also found in the basolateral amygdala, an amygdaloid structure
involved in the formation of associations within biologically-relevant contexts.
The third site showing experience effects (in the first study only, where animals
actually physically interacted with pups on re-exposure) was the parietal cortex. In
a fourth site, the prefrontal cortex, experienced animals showed lower Fos-lir than
did inexperienced animals, an effect that may reflect exposure-based habituation
to novelty of the pup stimuli.

Supported by MRC Grant to A.S, Fleming

REF-1 PROTEIN EXPRESSION FOLLOWING FEAR CONDITIONING.
O, Stledl*1. S, Milanovic1’2. O. Laban1, and J. Spiess1.1 Dept. of Molecular Neuroendocrinology, Max-Planck-Institute for Experimental Medicine,
Hermann-Rein-Str. 3, D-37075 Goettingen, Germany; 2 Central Institute for
Mental Health, J5, D-68159 Mannheim, Germany
Male mice (C57/BL6J) were subjected to fear conditioning in order to
investigate specific changes in the expression of ref-1 protein. Freezing
frequency and locomotor activity were evaluated as behavioral parameters.
Heart rate was monitored to assess stress levels. In the training phase
animals were placed for 3 min into a conditioning box, then presented with a
pulsed (5 Hz) tone stimulus (1 kHz, 80 dB, 30 s) before a foot shock (2 s, 0.7
mA) was applied. Animals were tested the day after training either for
contextual retention by placing them into the same box for 6 min without
auditory or foot shock stimulation or for tone-dependent retention in an altered
context. In addition, unpaired conditioning was performed to determine the
retention-specificity of ref-1 protein expression.
,
Ref-1 is a nuclear protein controlling the activity of homo- and heterodimers
of immediate early genes (c-fos, c-jun) by redox activation and also functions
as a apurinic/apyrimidinic DNA repair enzyme. Ref-1 protein could be an
important molecular signal in the proposed cascade from ion channel
activation to learning and memory.
In brains of control mice, ref-1 protein was highly expressed in the
hippocampus (CA1, DG), frontal and parietal cortical areas, and in nc. septalis
lateralis and medialis. A time-dependent differential expression of ref-1
protein was observed in the time range from 0-180 min following the training
phase with a peak difference at 60 min. At that point ref-1 protein expression
was absent in the hippocampus and strongly increased in the 2. and 3. layer
of the parietal cortex. After 180 min the ref-1 protein expression pattern was
identical with the one in control animals. Differential expression pattern of ref1 protein following contextual and tone-dependent retention will be discussed.

763.19

763.20

ANALYSIS OF MEMORY CONSOLIDATION USING INTRACEREBRAL
INFUSIONS OF ANTISENSE OLIGONUCLEOTIDES TO THE TRANSCRIPTION FACTOR CREB. J.F. Guzowski. B. Setlow. G.D. Novack* and J.L.
McGaugh. Center for the Neurobiology of Learning and Memory, and Department
of Psychobiology, University of California, Irvine, CA 92717-3800.
The regulatory transcription factor CREB is constituitively expressed in the brain
and can be phosphorylated both by PKA and CaMK, which are activated by cAMP
and Ca2*, respectively. Phosphorylated CREB activates transcription of genes containing cyclic AMP response elements (CREs) in their promoters. Thus, CREB and
related transcription factors provide the link between changes in second messenger
levels to changes in the cell's transcriptional program. Recent publications have
shown a role for CREB in long-term memory consolidation. The transgenic approaches used in these studies, however, do not allow anatomical localization of the
observed effects to defined structures. To gain a greater understanding of the role
of CREB in the consolidation of different tasks in the mammalian brain, we have
initiated studies in which antisense CREB oligonucleotides are stereotactically infused into defined regions of the rat brain and the effect on learning and memory are
compared to buffer and mismatch oligonucleotide control groups. The hippocampus and the amygdaloid complex have been chosen for study because of their well
documented role in the learning and memory of different tasks. Tasks chosen for
study are the hidden platform water maze and continuous multiple trial inhibitory
avoidance (CMLA). Preliminary results indicate that CREB antisense oligonucleotides infused into the hippocampus impair memory consolidation but not acquisition
in both tasks. Additional preliminary evidence suggests that CREB antisense oligonucleotides infused into the amygdala do not affect memory consolidation in
CMIA. These results suggest that hippocampal, but not amygdaloid, CREB mediates changes in transcription important for memory consolidation.
Supported by T32 AG00096-12 (JFG)and USPHS MH12526 (JLM).

CREB LEVELS ARE REDUCED IN THE RAT HIPPOCAMPUS
FOLLOWING OVARIECTOMY AND HYPOGLYCEMIA-INDUCED
SEIZURE. K. S. Panickar1’3’*. K. R. Purushotham2. G .RaiakumaA M*

763.21

GLUCOSE PREFERENCE AND RECOGNITION OF PERIPHERAL
GLUCOSE UTILIZATION IN THE BRAIN OF RATS WITH INSULIN
DEPENDENT DIABETES MELLITUS BY A FUNCTIONAL MRI AFTER
INSULIN TREATMENT. K.Torn*12, m . Morj1. T.Yokawa! T.MurataL
K.TaiimaL M.Takezawa1 and T.Ono3. 1Torii Nutrient-stasis Project, ERATO,

R&D Corp. of Japan, Yokohama 221, 2Ajinomoto Co. Inc., Central Res. Lab.,
Yokohama 244, and Toyama Med.&Pharmaceu.Univ., Toyama, 930-01, Japan.
The patients with diabetes mellitus generally display a strong preference for
sweets as energy sources to compensate for disorder of peripheral glucose
utilization by failure of insulin function. Either preference for glucose or change
of the brain function treated with insulin was examined before and after
Streptozotocin (STZ) administration to Sprague-Dawley male adult rats.
Preference for glucose in rats was evoked several hours after STZ treatment (50
mg/kg BW, i.p.) and reached a plateau level for a week. Histological findings of
the pancreas also supported these behavioral changes as an insulin dependent
diabetes mellitus (IDDM). Each anesthetized similar rat was settled in the 40 cm
bore of a 4.7 tesla MRI. Fasted glucose in plasma was above 400 mg / dl and
normalized below 80 mg/dl at 100 min after insulin injection (20 U/kgBW, i.p.).
The brain O2 consumption was monitored by T2* weighted intensity and
visualized chronologically by rapid gradient echo pulse sequence method. The
intensity changed in the hippocampus at 20-30 min, the paraventricular nucleus at
30 min, the thalamus and the dorsomedial hypothalamus at 40-50 min and then
the ventromedial hypothalamus at 100 min after insulin injection. These changes
were recovered at 120 min by normal glucose utilization with insulin treatment.
Saline treatment in IDDM rats as control never caused any intensity change in the
brain. The degree of glucose preference and chronological brain functional changes
by MRI can be a useful diagnosis for status of diabetes mellitus.
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A. King4 and J ,W. Simpkins3. 1DepL of Pharmacology & Experimental
Therapeutics’ ^Dept. of Oral Biology, 3Center for Neurobiology of Aging
and Dept. of Pharmacodynamics, 4Dept. of Neuroscience. University of
Florida, Gainesville, FL 32610..
cAMP response-element binding protein (CREB) is a transcription factor
which has been implicated in the activation of protein synthesis required
for long-term memory. Previous research from our laboratory has shown
that memory is compromised following ovariectomy and that some of
these memory deficits can be ameliorated with estrogen replacement. We
have also reported cognitive deficits following severe hypoglycemic
episodes in rats. Given that CREB is critical for memory, we investigated
the levels of CREB in rat hippocampus in these two models of memory
dysfunction. In Experiment 1, immunoblot analysis of proteins (SDSPAGE) using polyclonal antibody to CREB revealed that CREB had
decreased by 23% in the hippocampus following one week of ovariectomy
while the estrogen-replaced animals showed a recovery in CREB levels
compared to ovariectomized animals. This suggests that estrogen treatment
may be beneficial in preventing the decrease of CREB in rats, thereby
playing a role in memory consolidation. In Experiment 2, we found that
insulin-induced seizure reduced CREB by 55% compared to controls in the
hippocampus. Immunohistochemistry also revealed a decrease number of
CREB positive cells in CA1, CA3, dentate gyrus, and the entorhinal cortex.
Taken together these results suggest that CREB is an important mediating
factor in memory loss following ovariectomy and severe hypoglycemic
episodes. (Supported by NIA AG 10 485 to JWS).

1948

STRESS:

764.1

DISHABITUATION OF TAIL PINCH-INDUCED GLUTAMATE AND
LACTATE RELEASE BY LOCAL PERFUSION OF RECEPTOR
AGONISTS IN RAT PREFRONTAL CORTEX. M.Takita*. Nervous
Informatics Lab., Biosignalling Dept., Natnl. Inst, of Biosci. and
Human-Technol., Ibaraki 305, Japan.
To clarify the roles of rat medial frontal cortex (mpFC) responding to
stressful stimuli, we have been studying the habituation of stressful
stimuli-induced glutamate (GLU) and lactate (LAC) release by using
continuous in vivo brain microdialysis with less than 1 min-resolution.
In brief, the dialysate was mixed directly with an assay solution in a Ttube and GLU or LAC was measured in a flow cell under the freely
moving condition. We have reported the following. 1) The mpFC g R
was increase immediately and transiently from its steady state level
afterlmin tail pinch (TP). The mpFC LR was also increased by various
stimuli (TP, 5min 100dB white noise, and 5min immobilization). 2) The
2nd response to the same stimuli given 1 hour later was smaller than
the 1st response (about 35% decrease). 3) GR and LR both showed a
decreasing response in septum. 4) The mpFC GR response occurred
under reserpinization while the LR was completely abolished. In
addition, we found that the habituation of TP-induced GLU or LAC
release disappeared by perfusion of DA (10'4M) or NMDA (10'4M) into
the probe for 5min between the two trials in a manner of dishabituation. These treatments increased the 2nd TP-induced response
of GLU or LAC compared with the 1st one {GLU: 133.4±11.4% (n=7),
LAC: 360±255% (n=3)}. These results suggest that there are at least
two different systems for information storage processing specialized in
rat mpFC.

764.3
ACUTE STRESS ALTERS EXPRESSION OF IMMUNOREACTIVE
INTERLEUKIN-1 3 IN THE MALE RAT HIPPOCAMPUS AND
PARAVENTRICULAR HYPOTHALAMUS. A. P. Ray*. N. Quan, J. M.
Weiss and A. N. Clancy. Department of Psychiatry and Behavioral
Sciences, Emory University Medical School, Georgia Mental Health
institute, 1256 Briarcliff Rd., Atlanta, GA 30306.
The presence of interteukin-1 3 (IL-1 3) in brain has been
demonstrated in several recent studies.
Other studies have
suggested that brain IL-13 may mediate various responses to stress.
This
study
examined
stress-induced
changes
in
IL-13
immunoreactivity in two brain areas implicated in stress response
modulation:
the hippocampus (HlP) and paraventricular
hypothalamic nucleus (PVN). Rats, processed as matched pairs,
were given either one hour of footshocks (experiment) or taken
directly from their home cages (control). Brains were removed,

sectioned and incubated in anti-rat IL-13 antibodies (RIL-13 Ab), antihuman IL-13 antibodies (HIL-13 Ab), or no primary antibodies (zero
Ab control); sections were processed by the avidin-biotinimmunoperoxidase method. Optical density (OD) of labeling for IL-13

was measured by computer-assisted video densitometry. In the HIP
pyramidal cell layer (CA1 and CA3), the OD of nonstressed rats (16.1
±1.93) was significantly greater (p<.04, n=9) than the OD of stressed
rats (9.96 ± 1.99), while in the PVN the OD of nonstressed rats (5.58
± 1.67) was significantly lower (p<.03, n=9) than the OD of stressed
rats (12.5 ± 3.14). We conclude that, following exposure to acute
stress, IL-13 was reduced in HIP pyramidal cells and increased in
the PVN. This suggests that IL-13 is released in the hippocampus
and is accumulated (possibly synthesized?) in PVN ceils following
acute stress. (Supported by NIMH Grant MH-50420).
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764.2

AMINO-ACID REGULATION OF STRESS-INDUCED
PROENKEPHALIN GENE EXPRESSION IN THE PVN
D. Borsook*, O. Falkowski, O. S mmic^va. S .E. Hvmm. Molecelar and
Developmental Nearebielegy Laboratory, Mass. Gen. Hospital, Boston MA
02114
Proenkephalin (ENK) is expressed in the paraventricular nucleus (PVN) of the
hypothalamus where it is regulated by a number of physiological stimuli.
Excitatory and inhibitory amino acid neurotransmitters are present at high levels
within the PVN and have putative roles in hypothalamic neuroendocrine
regulation. Using a hypertonic stress paradigm in a transgenic mouse model
expressing a poeenkephahn-6-galactesldase fusion gene, we have studied the effects
of excitatory and inhibitory amino acids on the expression of the proenkephalin
gene in the PVN under basal conditions or in response to a l.5M saline stress.
The GABA-ergic drugs amlnexeyacetlc acid (AOAA, a GABA-transaminase
inhibitor), Ga Ba , or baclofen (a GABA-B agonist) all induced expression of the
transgene at 6hrs following i.p. administration. Chronic (4 day) administration of
AOAA inhibits both basal and stress-induced expression of the transgene.
Muscimol (a GABA-A agonist) inhibits both basal and stress-induced expression
of the transgene. MK-801 (a non-competitive NMDA antagonist) inhibits both
basal expression and l.5M saline stress-induced expression of the transgene. The
excitatory amino acids, NMDA and kainate, do not induce proenkephalin gene
expression in the PVN after acute or chronic (4 day) or administration. Alterations
in transgene expression were compared with alterations in c-Fos expression in the
PVN using the same paradigms in vivo and in hypothalamic cultures. A
dissociation between transgene and c-Fos expression was seen following
administration of some of these drugs. These results show that excitatory and
inhibitory aminoacids can modulate basal and stress induced proenkephalin gene
expression in the PVN and may be used to probe positive and negative
transcriptional regulation of the proenkephalin gene in this model.

764.4

NEUROPEPTIDE Y (NPY) GENE EXPRESSION DURING STRESS. S.P. Han*.
X.L. Chen. Y.M. Wu. L. Naes and T.C. Westfall. Dept. Pharmacol, and Physiol.
Sci., Saint Louis Univ. Health Sci. Ctr., St. Louis, MO 63104.
Hypertension is a multifactorial disease involving both environmental and genetic
factors.
A major environmental factor that has often been associated with
hypertension is stress. Neuropeptide Y (NPY) is a vasoactive peptide that is cosynthesized and co-released together with catecholamines from sympathetic nerves
and the adrenal medulla. Both NPY and catecholamines may be involved in
mediating stress-induced increases in blood pressure and are potential links to
hypertension, itself. In the present studies we have investigated changes in NPY
gene expression resulting from insulin-induced hypoglycemic stress. Northern
hybridization techniques were employed to detect changes in NPY mRNA abundance
in the superior cervical ganglia (SCG) and the adrenal medulla. Subcutaneous
injection of insulin produced dose-dependent increases in NPY mRNA abundance
both in the SCG and the adrenal' medulla. The hypoglycemia-induced increase in
NPY gene expression in the SCG was attenuated by denervation of the ganglion.
The hypoglycemia-induced increase in NPY gene expression was mimicked by direct
activation of acetylcholine-nicotinic receptors produced by nicotine in a dosedependent manner.
NPY immunoreactivity (NPY-ir) was determined by
radioimmunoassay. NPY-ir in the adrenal medulla was also increased following
subcutaneous administration of nicotine. These results suggest that increased NPY
mRNA levels during stress appear to be due to trans-synaptic activation of the postganglionic neurons. Increased synthesis and subsequent release of NPY may be
partially responsible for the increased vascular observed during stress. (Supported
by HL-26319 and HL35202)

764.5

764.6

ORAL ADMINISTRATION OF CORTICOSTERONE MIMICS
EFFECTS OF STRESS ON HIPPOCAMPAL CA3c DENDRITIC
STRUCTURE. A.M. Magariftos*, M. Orchinik and B.S. McEwen. Lab.
of Neuroendocrinology, Rockefeller University, New York, NY 10021.
The hippocampus undergoes plastic changes in response to stress.
Following repeated stress, rats display deficits in spatial memory tasks
and a corresponding atrophy in apical dendrites of CA3c neurons. One
mediator of this structural change is corticosterone (CORT); injection of
supraphysiological doses of CORT mimics the stress effect, and
blockade of stress levels of CORT prevents stress-induced dendritic
atrophy. In this study, we administered CORT in a non-stressful manner
to isolate CORT effects from more generalized stress effects. Adrenallyintact male rats were administered either CORT (400 mg/ml) or vehicle
(VEH; 2.4% EtOH) in the drinking water for 3 weeks. This protocol
produced plasma CORT levels similar to that seen in stressed rats,
although the normal diurnal rhythm of CORT release was disturbed.
During this period, rats were either subjected to daily restraint stress (6
hrs/day) or undisturbed. At the termination of treatment, brains were
processed for Golgi impregnation.The number of apical dendritic
branch points in CA3c was significantly reduced in both stress/VEHand nonstress/CORT-treated animals, relative to nonstress/VEH controls.
The total apical dendritic length was also decreased, but not
significantly, in both stress/VEH- and nonstress/CORT-treated animals.
Interestingly, there was no tendency for a reduction in dendritic branch
points or dendritic length in stress/CORT-treated rats. These data
support the conclusion that physiological levels of CORT alone can
induce dendritic atrophy, but also suggest that sustained exogenous
CORT may modulate stress effects on hippocampal neuronal structure.
Supported by MH41256 and NS07080 (B.S.M.).

VIP AND AVP mRNA EXPRESSION IN THE SUPRACHIASMATIC NUCLEUS
(SCN) OF THE RAT BRAIN FOLLOWING SHOCK STRESS. L. Zhou and R. F.
McGivem*. Dept, of Psychology, San Diego State Univ., San Diego, CA 91920.
Vasoactive intestinal peptide (VIP) and arginine vasopressin (AVP) are expressed
differentially in the SCN. VIP in the brain can be regulated by adrenal steroids
(Retsztejn et al, 1980) and VIP in the SCN has been suggested to regulate phase shifts
in the circadian rhythm of locomotor activity of free-running rats (Albers et al, 1991).
Therefore, we examined the level of AVP and VIP mRNA expression in the SCN, as
well as the SON and PVN, in response to 30 minutes of stress. During the 3-4th hour
of the light cycle (12:12), two or six month old male Sprague-Dawley rats were
administered 15 seconds of intermittent shock (0.5 mA) every 5 minutes for 30
minutes. They were decapitated at 75 or 135 minutes after the onset of the shock-stress
session. Control animals were placed in. similar cages with no shock and sacrificed at
the 75 minutes time point. Brains were removed and subsequently probed for AVP and
VIP mRNA using in situ hybridization. The exonic probes were labeled with 35s
deoxyadenosine-5'- (-thio) triphosphate by terminal transferase enzyme. After
hybridization with the probe (~ 1.10 x lC6> cpm/pl), sections (16 pm) were dried and
exposed to Hyperfilm Bmax for 1 1/2 days for AVP, and for 2 1/2 days for VIP.
Sections were dipped in nuclear emulsion and exposed for five and three days
respectively. Results revealed a significant decrease in optical density of VIP mRNA
expression in SCN at 75 and 135 min in response to the stress at both ages. In
addition, there was a significant decrease in VIP with age. Analyses employing grain
counts over single cells, revealed a significant decrease in the number of SCN cells
expressing VIP mRNA following stress. However, no significant differences
following stress were observed in AVP mRNA expression in the SCN, the SON and
the PVN. Further studies have shown this stress will significantly phase advance the
activity of free running animals under constant light conditions. Overall, these results
indicate that stress can alter SCN gene expression and provide indirect support for the
hypothesized role of VIP in regulation of phase shifts in circadian rhythms.
(AA06478, RFM).

Society

for

Neuroscience , Volume

21, 1995

WEDNESDAY PM

STRESS:

NEUROCHEMISTRY

764.7

764.8

RESTRAINT STRESS AND ACUTE ETHANOL ADMINISTRATION ALTER
ENDOGENOUS LEVELS OF A NEUROACTIVE STEROID. D.A. Finn*. A .J.
Roberts and J.C. Crabbe. VA Medical Center and Dept. Medical Psychology,
Oregon Health Sciences University, Portland, OR 97201.
The GABA-agonist neuroactive steroid 3a-hydroxy-5a-pregnan-20-one (3a,5aP) can reach endogenous levels which potentiate the action of GABA in vitro,
suggesting that it may be a physiologically relevant neuromodulator. With the
single exception of the report that 10 min. swim stress significantly increased brain
and plasma 3a,5a-P, there are no available data regarding the influence of
stressors on endogenous 3a,5a-P. Therefore, we measured the time course for
changes in plasma 3a,5a-P and corticosterone (CORT) following 30 min. restraint
stress and ethanol injection (4 g/kg) in genetically heterogeneous male mice.
Restraint stress significantly increased plasma 3a,5a-P and CORT, which was
evident immediately post-restraint (t = 30 min). Plasma 3a,5a-P remained
significantly elevated at 60 min, while plasma CORT remained elevated at 60 and
90 min. Both steroids had returned to basal levels at the later time points (150 and
210 min). This result contrasts with the report that swim stress-induced increase
in plasma 3a,5a-P did not occur until 60 min post-stress. Acute administration of
ethanol produced a significant increase in plasma CORT at 0.5, 2 and 7 hrs post-

THE EFFECTS OF MICROGRAVITY ON GLIAL FIBRILLARY ACIDIC
PROTEIN (GFAP) and BRAIN DERIVED NEUROTROPHIC FACTOR (BDNF)
mRNA EXPRESSION IN THE RAT BRAIN. B. W. Prahl.* J, R, Day. Dept, of
Biology, The Pennsylvania State University, University
The objective of this study was to examine the effects of microgravity on
neurodegeneration in rats using GFAP and (BDNF) as markers. GFAP mRNA is a
useful astrocytic marker that increases in response to injury, neurodegenerative
disease, and aging. BDNF plays an important role as a growth factor in several
neuronal populations. The rats in this study were also treated with Bone
Morphogenic Factor (BMF) as part of an experiment to test this growth factor's
actions on bone density loss in microgravity. Twenty-four ovariectomized adult
female Fisher 344 rats obtained from NASA through the Penn State Center for
Cell Research, were housed individually and divided into four groups:1)
flight/vehicle-injected, 2) flight/BMF-injected, 3) ground/vehicle-injected controls,
4) ground/BMF-injected controls. The flight animals were exposed to microgravity
(PSE4) for 14 days, and at the conclusion of the flight, brains were removed and
frozen for in situ hybridization. Grain densities per cell were determined on
emulsion coated slides via computer-assisted videodensitometry for different
hippocampal strata. All flight animals showed a 40% decrease in GFAP mRNA
compared to ground controls. There was no significant difference in GFAP mRNA
expression between flight/BMF group and ground/BMF controls. BDNF mRNA
levels were not significantly different in the flight group compared to the controls.
The decreased GFAP mRNA expression might be due to elevated glucocorticoid
levels induced by reentry stress and/or by microgravity itself. The altered GFAP
expression suggests that exposure to microgravity might alter gene expression in
the brain, particularly in astrocytes.

injection and a significant decrease in plasma 3a,5a-P at 7 hrs post-injection.
Withdrawal severity, measured by an increase in handling-induced convulsion
scores peaked at 6 hrs and remained elevated at 12 hrs post ethanol. Collectively,
these findings suggest that there are differences in the stress response, measured by
plasma 3a,5a-P and CORT, depending on whether swim, restraint or alcohol
withdrawal was the stressor. Supported by grants NS09264 (DAF), AA08261
(JCC) and the VA (JCC)

764.9

764.10

INHIBITION OF STRESS-INDUCED C-fos EXPRESSION IN THE RAT FOREBRAIN
BY TRANSCRANIAL ELECTROSTIMULATION (TCES). G.P. Kozlowski and V.P.
Lebedev*. Dept. Physiology, Univ. of Tex. Southwestern Med. Cen., Dallas, TX 75235 and
Cen. for Research, Parker College, Dallas, TX 75229.
The effect of TCES on stress-related c-fos expression was determined using cranial
subcutaneous needle electrodes in rat brains from animals that were either restrained
(intensive stress-IS) or unrestrained (mild stress-MS). Control animals were untreated with
TCES. MS and IS animals were stimulated for one hour with the Neurotrans unit using
parameters of stimulation (70Hz, 3.5msec, 1.2ma) previously shown to ameliorate pain in
rats (Fiziol Zhum SSSR, 74:1094, 1988). c-fos immunopositive nuclei in several brain
regions from all animals were manually counted in a systematic, reproducible fashion using
stringent criteria established by one operator and confirmed by another. The brain regions
studied were: 9 areas of the cortex (layers I-IV, V, VI), hippocampus, dentate gyrus,
thalamus (6 nuc), habenula, hypothalamus (7 nuclei including the supraoptic-SO &
paraventricular-PA) and 2 basal ganglia. Administration of TCES significantly inhibited
stress-induced c-fos expression in most of the areas studied except for the centromedial
thalamic and perifomical nuclei which had an insignificant increase in the number of c-fos
neuronal nuclei. For example, c-fos neurons decreased =72.3% in magnocelluar cells of PA
and =75.0°% for SO. These results in experimental animals correlate with our previous data
on antistress activity of TCES in human and other animals treated for gastric ulcer repair or
alcohol withdrawal (Biogenic Amines 5:427, 1988). Supported by NIAAA AA-06014.

DIFFERENTIAL INDUCTION OF FOS PROTEIN FOLLOWING
TAILPINCH OF YOUNG AND OLD MALE RATS. W.J, Smith. J.
Stewart, and J.G. Pfaus*. Center for Studies in Behavioral Neurobiology,
Department of Psychology, Concordia University, Montreal, QC, Canada.
Tailpinch is a short-term stressor that induces a general arousal in the
rat. This stimulation increases sensitivity to incentive cues, for example,
making sated rats eat more, sexually sluggish male rats copulate, and can
increase dopamine release in the nucleus accumbens. However, tailpinch
becomes less effective with age. We were interested in examining where in
the brain tailpinch might induce neural activation. Young (2 to 3 months) or
old (one year) male rats were administered either 5 tailpinches (one every 2
min), 1 tailpinch, or sham treatment (n=4 per stimulation condition). Rats
were sacrificed 1 hr following the onset of stimulation for histological
analysis of Fos immunoreactivity. Serial coronal sections were taken from the
area of the nucleus accumbens back to the central grey in each rat. Tailpinch
produced a monotonic increase in Fos in a variety of brain regions, including

the nucleus accumbens, striatum, lateral septum, lateral preoptic area,
paraventricular hypothalamus (PVN), medial amygdala, ventral tegmental
area (VTA), and central grey. A significant difference in Fos induction by
age was found in the PVN and VTA, in that older rats had less Fos within
these regions following both' 1 and 5 tailpinches. The other areas are
currently being counted and will be presented. These data indicate that
tailpinch activates regions of the brain known to be involved in behavioral
responses to different types of incentive cues. These data also suggest that the
decrease in sensitivity to tailpinch in older animals may reflect a decrease in
the ability ot this sitmulus to activate these different brain regions.

764.11

764.12

DIFFERENTIAL EXPRESSION OF FOS PROTEIN IN THE VENTRAL TEGMENTAL AREA OF COPING AND NON-COPING RATS. M.L. Coco* and J.M. Weiss.
Dept, of Pharmacology, Duke Univ., Sch. of Med., Durham, NC 27710 and Dept, of
Psychiatry & Behavioral Sciences, Emory Univ. Sch. of Med., Atlanta GA 30306.
We are interested in establishing the central pathways that underlie effective coping
behavior. Previous studies have demonstrated the ability of Fos immunocytochemistry
to detect neuronal areas of activation under a variety of conditions. Since rats able to
perform a coping response in a stressful situation show different behavioral, neurochemical, and hormonal responses from rats unable to perform a coping response, we
examined expression of Fos protein in the brains of coping and non-coping rats using
immunocytochemical techniques. Feedback stimuli following performance of a coping
response have been shown to be an important factor in establishing effective coping
behavior, i.e., responses that in addition to removing a stressor also remove the negative physiological and/or behavioral effects of being exposed to the stressor’. Quartets
of Sprague-Dawley rats consisting of an Avoidance-escape animal able to control its
shock and receiving a feedback stimulus following performance of the coping response
(AE-FB), a Yoked animal receiving the same shocks and feedback but without control
over them (Y-FB), a Yoked animal similar to Y-FB but without feedback (Y-NFB),
and a Box-control animal placed in the same apparatus and receiving feedback but no
shock (BC-FB), were given several training sessions over a period of weeks and then
were exposed to a 1.5 h test session. The feedback stimulus was an 8 s compound
stimulus consisting of lights off and a tone. Immediately after the test session, the rats
were returned to their home cages. They were anesthetized 1 h later, followed by
perfusion and fixation of their brains. A fifth, Home-cage control, rat was used to

EXPRESSION OF NEURONAL PLASTICITY-RELATED MARKERS IN
HIPPOCAMPUS OF CONGENITAL LEARNED HELPLESS AND RESISTANT
RATS UNDER CONDITIONS OF INESCAPABLE STRESS.
G. A. Laforett.
E. Edwmdsd-, J. A. Kingf, ana D. T. Rivera.t* fDepertment of fsychiatiy,
Behavioral Neuroscience Division, University of Massachusetts Medical School,
Worcester, MA 01655.
^Department of Pharmacology and Toxicology,
University of Maryland, Baltimore, MD 21201.
Environmental stress requires adaptations in behavior and homeostasis to
optimize survival. The central nervous system mediates stress responses not only
by neurophysiological changes but also potentially by alterations in neuronal
connectivity. Such changes may be particularly prominent in the hippocampus, a
brain region implicated in learning and memory, and one which retains a high degree
of plasticity into adulthood. This study investigates stress-related hippocampal
plasticity in rats with learned helplessness, a well-studied paradigm which may
model human stress-induced neuropsychiatry illness. Learned helpless rats fail to
escape from avoidable shock after having been subjected first to inescapable shock.
Strains of rats have been bred to foster either increased susceptibility (cLH) or
resistance (cNLH) to development of learned helplessness. Hippocampal mRNA
expression of plasticity markers FI/GAP 43 and SCG 10 was assessed in these
animals using Northern blot analysis. A time course study of Fl/GAP 43 and SCG
10 expression revealed differences in marker message levels between cLH and cNLH
rats. In particular, Fl/GAP 43 and SCG 10 mRNA levels were diminished 24
hours after two shock stress sessions in congenital learned helpless rats, but not in
resistant animals. These results suggest that there may be genetically-based
differences in patterns of central nervous system plasticity that underlie inherent
vulnerability or adaptability to stress.

determine basal levels of Fos expression. Fos was visualized in 40 pm sections by
the ABC immunoperoxidase method. Preliminary results indicate that Fos protein
expression was increased in the ventral tegmental area of AE-FB rats compared to all
other groups. Numbers of Fos-positive cells did not differ between AE-FB, Y-FB, and
Y-NFB rats in the caudate-putamen or locus coeruleus.
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STRESS-INDUCED
INCREASES
IN
REGIONAL
BRAIN
CONCENTRATIONS OF NEUROPEPTIDE Y-LIKE IMMUNOREATIVITY.
F.B. JOLICOEUR*. P. C. SIMARD. R. LEDUC. J.P. BOULENGER. AND
A. CADIEUX. Depts. of Psychiatry and Pharmacology, University of
Sherbrooke, Sherbrooke, QuC., Canada, J1H 5N4.
Experimental evidence suggests an important implication of neuropeptide Y
(NPY) in anxiety. For example, we have recently shown that NPY plasma
concentrations were significantly higher in panic disorder patients (Society for
Neuroscience abstr. 1994). To better understand the relationship between NPY
and anxiety, we examined the effects of experimental stress on NPY
concentrations in several brain regions in rats. Animals (male Long Evan rats,
250-275g) were separated into two groups (n=8): one control and one
experimental stress. Animals were handled for 10 min. every day for four days
prior to the experiment. On the fifth day, a standard restraint stress was
imposed on experimental animals for one hour. Immediately after, dissection of
the following regions was performed: nucleus accumbens, striatum, septum,
hypothalamus, hippocampus, amygdala, frontal cortex and prefrontal cortex.
n Py concentrations were measured by radioimmunoassay. Results revealed
that, in comparison to control animals, NPY levels in stressed rats significantly
(p<0.05) increased in septum (5.4 pmol/g vs 10.2 pmol/g), hippocampus (3.9
pmol/g vs 6.6 pmol/g), frontal cortex (5.9 pmol/g vs 7.8pmol/g), prefrontal
cortex (5.8 pmol/g vs 10.8 pmol/g) and amygdala (4.5 pmol/g vs 15.4 pmol/g).
The marked increase in the amygdala is interesting because of the well known
involvement of this limbic region in anxiety. There were no significant
differences between control and stressed animals in the other regions studied.
The results of the present study support the hypothesis that NPY plays a
functional role in anxiety. ( Supported by le Reseau en Sant6 Mentale du Fonds
de la Recherche en Sant6 du Quebec).

WEDNESDAY PM

764.14

THE STRESS-INDUCED POLYAMINE RESPONSE; ADAPTATION AND
INHIBITION BY LITHIUM. V.H. Giladl, J.M. Rabey and G.M.
Gilad. Lab. of Neuroscience, Dept. of Neurology, Tel AvivElias Souraski Medical Center, Tel-Aviv 64239, Israel.
As a transient increase in polyamine (PA) metabolism is
a common response to stressful stimuli, our hypothesis is
that
a maladaptive
PA response
is
involved in the
pathophysiology of affective disorders. Previously, we found
that, unlike peripheral tissues, the acute stress-induced PA
response in the brain can be prevented by long-term (days),
but not by short-term treatment with lithium. Based on the
premise that chronic stress may best approximate stressful
life events which can exacerbate affective disorders, our
present
findings demonstrate that
in the rat brain,
inescapable chronic intermittent stressor results in a
recurring PA response.
In contrast,
in the periphery
(liver), a similar stressor causes habituation of the PA
response. The recurring brain PA response can also be
blocked by long-term lithium treatment.
Interestingly,
immature rats do not show the characteristic brain PAresponse. The ontogenesis of this effect is brain regiondependent. In general, the developmental switch to a mature
PA response corresponds in time to the cessation of the
"stress
non-responsive
period"
in
the
pituitaryadrenocortical system. Our findings implicate an overreactive PA response as a component of the adaptive, or
maladaptive, brain response to stressful events, and as a
novel molecular target for lithium action.

764.15
MOTOR ACTIVITY AND QUANTITATIVE AUTORADIOGRAPHIC
STUDIES OF MUSCARINIC RECEPTORS IN THE BRAIN OF RATS
SUBJECTED TO THE FORCED SWIMMING TEST. E. Carrizo', G. Cano2, H.
Su&rez-Roca1'2. E. Bonilla1,2*. ‘Instituto Investigaciones Clfnicas, Universidad del
Zulia and 2Fundacite-Zulia, Maracaibo, Venezuela.
A cholinergic dysfunction has been involved in the neurobiological mechanisms of
stress and depression. In addition, the Forced Swimming Test (FST) has been
extensively used as an animal model of depression. In the present study, the
distribution of muscarinic cholinergic receptors in the brain of rats subjected to the
FST was determined to evaluate the cholinergic hypothesis of depression. Male
Sprague-Dawley rats were subjected to the FST for 30 min daily during 15 days. The
sham group was placed in the same conditions without swimming. Motor activity was
automatically analyzed daily before swimming. Saturation studies were carried out
in the presence of 8 increasing (3H]-Quinuclidinyl benzilate (pH]-QNB)
concentrations (0.0625-10 nM) in 0.05M PBS. Regional distribution of cholinergic
muscarinic receptors was analyzed by autoradiographic methods, using 1 nM (3H]QNB. Non-specific binding was determined in the presence of l^M atropine.
In the FST group, both total horizontal activity and ambulatory movements
exhibited a significant decrease (34% and 46% respectively) when the data from 1st
and 15th days were compared. pHJ-QNB binding parameters were examined in the
caudate-putamen, cortex and hippocampus. The Kd and Bmax values were very
similar for both groups in the three analyzed areas, suggesting that neither the
affinity of the pH]-QNB nor the maximal number of receptors were affected by the
FST. The distribution of pH]-QNB binding sites did not show significant differences
between both groups in the 30 studied areas. To rule out any cholinergic
involvement, further analysis of muscarinic receptor subtypes after FST would be of
interest since an alteration of one receptor subtype could be masked by pH]-QNB
binding.

DRUGS OF ABUSE:

765.1

REPEATED ADMINISTRATION OF COCAETHYLENE PRODUCES
SENSITIZATION TO ITS LOCOMOTOR EFFECTS
E. P. M. Prinssen*, M. S. Kleven and W. Koek. Centre de Recherche Pierre Fabre,
Cashes, France.
Cocaethylene, a metabolite resulting from combined ethanol and cocaine
consumption, is a dopamine reuptake blocker and psychostimulant. That its effects,
although similar, may not be identical to those of cocaine is suggested by the
finding that, in rats, cocaethylene did not induce sensitization following repeated
administration, nor did it induce cross-sensitization to cocaine, while the reverse
was true for 'cocaine (Elsworth et al., Drug Dev Res 30, 189, 1993). To compare
further the behavioral effects of repeated administration of cocaethylene, male
C57BL/6J mice (n=5/group) were injected with c^aethylene (0, 10, 20, or 40
mg/kg, i.p.) for 3 consecutive days. On the 4th day, co^thylene (0, 2.5, 10, 20,
or 40 mg/kg, i.p.) was administered to all pretreatment groups. During daily
sessions, mice were removed from their individual home cages and placed in an
observation cage where locomotion was recorded for 30 min before and after
injection using an automated activity monitor. Repeated injection of cocaethylene
(10, 20, and 40 mg/kg/day x 3 days) produced apparent shifts of the cocaethylene
dose-response function to the left, relative to that obtained in chronic saline treated
animals. Cocaethylene pretreatment also induced an increase in the maximal effect
compared to saline pretreatment (maximal beam breaks of 446 ± 53 and 205 ± 45,
mean ± SEM, cocaethylene vs saline, respectively). These results demonstrate that
cocaethylene produces a dose-dependent sensitization to its locomotor effects and, in
this respect, is similar to cocaine which also showed sensitization under the present
conditions. Therefore, together with the reported substitution of co^^Lhylene for
cocaine in drug discrimination, the finding that cocae^^^, like cocaine, induces
sensitization to its locomotor effects, suggests that both drugs share effects not only
after acute, but also after chronic administration.
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DIFFERENCES IN OPERANT BEHAVIOR OF RATS
RUNNING FOR COCAINE VS COCAETHYLENE.
M. A. Raven*. B. D. Necessary. D. A. Danluck and A.
Ettenberg. Behavioral Phatmacology Lab, Department of
Psychology, University of California, Santa Barbara, CA
93106
The effects of cocaethylene, a psychoactive metabolite of
cocaine produced in the presence of ethanol, were compared
to cocaine using an operant runway self-administration
paradigm. Rats were trained to traverse a straight-arm
alleyway one trial per day for a single iv injection of cocaine
or cocaethylene (0.5, 0.75, 1.0 or 2.0 mg/kg/inj). Infrared

sensors located throughout the length of the runway were
used to record the latency to initiate running (start latency),
the time to enter the goal box (run time) as well as the intraalley behavior of the animals. Although start times remained
stable and fast, both drug groups demonstrated some
ambivalence (approach-avoidance behavior) about entering
the goal box. The incidence of this behavior, however, tended
to increase with dose for cocaine and decrease with dose for
cocaethylene. It is hypothesized that the strength of the
positive relative to negative drug effects may be greater for
cocaethylene than for cocaine, especially at higher doses.

WEDNESDAY PM

DRUGS OF ABUSE:

COCAINE V

765.3

765.4

COCAETHYLENE EXPOSURE DURING THE BRAIN GROWTH SPURT
INDUCES BRAIN WEIGHT DEFICITS. W.-I.A. Chen*. R.L. Hernandez
and T.R. West. Human Anatomy & Medical Neurobiology, Texas A&M
University Health Science Center, College Station, TX 77843-1114
The increased prevalence of alcohol and cocaine abuse among
women of reproductive age has received considerable attention since the
concurrent use of these two substances results in the exclusive formation of a
pharmacological active substance, cocaethylene (CE). Presently, it is
unclear whether and, under what conditions, fetal/neonatal hepatic
microsomal carboxylesterase activity is capable of transesterifying
cocaine to CE in the presence of alcohol. Therefore, in this study we
examined the direct action of CE, rather than the co-administration of
alcohol and cocaine, on brain growth restrictions (microencephaly) during
the major portion of the brain growth spurt. Three groups of artificially
reared pups were given one injection of either 0,10 or 20 mg CE (s.c.) daily,
from postnatal days (PDs) 4 through 9. One group of normally reared pups
(suckle control; SC) was included. All pups were perfused on PD 10 and the
brains were removed and dissected into forebrain, cerebellum and
brainstem. The analyses indicated that daily administration of either 10
or 20 mg CE produced a statistically significant restriction on brain growth
in all three brain regions compared with the 0 mg CE group. However, no
difference in brain weight deficits was found between two CE groups.
Separate analyses between 0 mg CE and SC groups revealed no difference
in brain measures. These results suggest that cocaethylene is teratogenic to
the developing fetus and the concurrent use of alcohol and cocaine during
pregnancy may be more harmful due to the unique formation of
cocaethylene in addition to the intrinsic teratogenic effect of cocaine and
alcohol individually. Supported by NIH grant DA07364.

PARTIAL DOPAMINE AGONISTS REDUCE ETHANOL INTAKE
IN THE RAT L. Pulvirenti^C. Balducci3, G, Bono3, P. Richelmi3
and G.F. Koob1 ’Dept. of Neuropharmacol., Scripps Res. Inst., La
Jolla, Calif., 2"Mondino-Tor Vergata’' Ctr for Exp Neurobiol, Un. of
Rome "Tor Vergata", Rome, 3"C. Mondino" Fndtn., Pavia, Italy.
Ethanol is known to activate brain dopamine neurotransmission and
the acute reinforcing properties of ethanol appear to be modulated by
administration of drugs acting at the dopamine receptor site. Partial
dopamine agonists are a recently characterized group of compounds
which bind to dopamine receptors with high affinity and low intrinsic
activity. These drugs act as functional antagonists in conditions of
high dopamine tone, while they show an agonistic profile in
conditions of dopamine depletion (e.g. denervation). The aim of the
present study was to evaluate the effects of acute and chronic
pretreatment with terguride and SDZ 208-911, two prototype partial
dopamine agonists, in non-fluid deprived rats trained to drink alcohol
(l0 v:v) in a free-choice procedure. Acute treatment with both SDZ
208-911 (0.025-1.6 mg/kg) and terguride (0.025-4.0 mg/kg)
dose-dependently reduced the reinforcing properties of ethanol as
measured by lower intake. Similarly, chronic (10-day) treatment with
both SDZ 208-911 or terguride (0.2 mg/kg) induced a significant
reduction of ethanol intake. In no case was water intake affected thus
ruling out possible nonspecific effects of these drugs on motor
performance of consummatory behavior. Therefore, the unique
pharmacological profile of partial dopamine agonists supports the
hypothesis that these drugs may represent a novel potential therapeutic
strategy for normalizing dopamine tone during the various phases of
the natural history of drug dependence including alcoholism.

765.5

765.6

Effects of chronic alcohol and cocaine administration on brain gene
expression. German Torres* and Judith Pielecha. Behavioral Neuroscience
Program. Department of Psychology. State University of New York at
Buffalo. Buffalo, New York 14260.

HUMAN COCAINE SELF-ADMINISTRATION: USE OF AN ALTERNATIVE
REINFORCEMENT PROCEDURE TO EXAMINE POLYDRUG EFFECTS.
John M. Roll*, Stephen T. Higgins, and Angela J.
Desranleau. Dept. of Psychiatry, Human Behavioral
Pharmacology Laboratory, University of Vermont,
Burlington, VT 05401-1419.
A choice pardigm in which volunteers select from
cocaine, placebo, alternative reinforcers (money) or
elect not to respond will be described (See Higgins,
et al., 1994 Life Sciences). This sensitive procedure
demonstrates that cocaine self-administration varies as
an orderly function of the magnitude of an alternative
reinforcer (i.e., money).
Said another way, as the
magnitude of alternative reinforcer increases, cocaine
self-administration decreases.
This relationshio
provides a sensitive baseline to examine whether the
effects of pretreatment with other drugs alters the
behavioral control exerted by cocaine.
Such an
assessment is important because cocaine is frequently
used in combination with other drugs of dependence.
To
date we have assessed the effects of ethanol pretreatment
and have begun to assess the effects of caffeine
pretreatment. Results indicate that both drugs alter
preference for cocaine self-administration.

The concomitant use of alcohol and cocaine is the most common abuse
pattern found in the addictive population. We have recently shown that this
combination produces an antagonistic effect at the gene level, with alcohol
blocking the transcription of c-fos by cocaine in brain neurons (G Torres,
Synapse 18, October 1994). To explore this effect further, we investigated the
long-term effects of combined alcohol and cocaine exposure on c-fos in discrete
areas of the rat brain. Male rats were given a liquid diet containing alcohol
(8.7%) for 15 days. Each night, two hr after the onset of darkness, the same rats
were injected (ip) with cocaine (20 mg/kg). In addition, we determined the
effects of cocaethylene (a psychoactive metabolite of cocaine produced by a
liver carboxylesterase when alcohol is administered in conjunction with cocaine)
on gene expression in order to compare its relative effects to those of alcohol and
cocaine. Administration of alcohol and cocaine produced significant levels of
plasma cocaethylene as detected by capillary gas chromatography and mass
spectrometry. Further, chronic -alcohol exposure markedly altered the induction
of gene expression by cocaine in caudate putamen perikarya. The systemic
injection of cocaethylene (20 mg/kg) also produced changes in c-fos in various
regions of the rat brain including the caudate putamen, nucleus accumbens and
cerebellum. Alcohol alone, in contrast, had no effect on gene transcription.
Taken together, our data suggest that alcohol exerts a powerful inhibitory effect
on cocaine actions, and that cocaethylene alone produces genomic effects similar
to those seen after cocaine exposure.
This research was supported in part by a Term Faculty Development Award
and a Research Foundation Award of the State University of New York to GT.

765.7
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Characterization of a Novel Cocaine and Amphetamine Regulated Transcript
(CART) P. Couceyrotk-M. Shoaib*. M, McCoyt, S, Goldberg*. M,J, Kuhart
Intramural Research Program, Neuroscience Bracht, Preclinical Pharmacology
LabA, Natl. Inst. Drug Abuse, NIH, Baltimore, MD 21224
Psychostimulant drugs such as cocaine and amphetamine can alter patterns of
gene expression within neuroanatomical sites known to mediate drug
reinforcement. Using PCR differential display, we previously identified a novel
transcript (CART) rapidly induced only within the striatum by acute cocaine and
amphetamine administration. In these studies, transcriptional regulation of CART
was first assessed in the cocaine self-administration model. In limited daily access,
Sprague-Dawley rats were trained to self-administer cocaine (0.66 mg/kg/infusion,
i.v.) under a fixed ratio 3 schedule of reinforcement. Once behavior was
maintained and response rates were stable for 5 consecutive days (less than 10%
variability), animals were sacrificed 1 hr. after the last session. In 4 of 6 groups
of animals, there was approximately a 50% reduction in CART mRNA levels in
the nucleus accumbens (determined by Northern blot analysis) of rats selfadministering cocaine compared with their saline-yoked controls. These data
suggest a possible role for CART gene products in mediating the reinforcing
properties of cocaine. Secondly, we now have evidence that passive acute cocaine
and amphetamine administration increase CART mRNA levels within the nucleus
accumbens and not in the caudate putamen.. The induction of CART by acute
cocaine and amphetamine administration has been inconsistent, however. Future
work will address this issue. Third, stress is known to alter the behavioral effects
of drugs of abuse in animal models. We have begun to assess the effects of acute
stress on CART expression. Within the nucleus accumbens, CART expression
was decreased 1 hr. after either an i.p. saline injection, a 10 min. cold water swim
and after 10 min. restraint. However, within the hypothalamus, CART mRNA
levels were elevated by an i.p. saline injection, decreased after the cold water swim
and unchanged by restraint. These studies strengthen the notion that CART may
be involved in mediating the rewarding affects of cocaine and also indicate a role
in response to stress.

DIFFERENTIAL EXPRESSION OF C-FOS FOLLOWING EXPOSURE TO A
COCAINE- OR d-AMPHETAMINE-PAIRED ENVIRONMENT. MA. Klitenick*
C.-S. Tham and H.C. Fibiger. Div. of Neurological Sciences, Dept, of Psychiatry,
Univ. of British Columbia, Vancouver, B.C. V6T 1Z3
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The attribution of incentive salience to a drug-paired environment is of
considerable clinical interest as drug craving can result from the presentation of
stimuli previously associated with the effects of cocaine or d-amphetamine. In the
present study regional expression of c-fos was examined immunohistcchemically in
rats exposed to an environment previously paired with either cocaine (10 mg/kg,
i.p. X10 days) or d-amphetamine (1.5 mg/kg, i.p. X 10 days). In addition to the
conditioned motor-stimulant response elicited in animals exposed to the cocaineor d-amphetamine-paired environment, c-fos expression was significantly increased
in the cingulate and piriform cortices, claustrum, dorsomedial striatum, lateral
septum, paraventricular nucleus of the thalamus and amygdala in those animals in
which cocaine was previously paired with the environment. In addition, c-fos
expression was significantly increased in the piriform cortex, dentate gryus and
amygdala only in animals that were placed in an environment previously paired
with d-amphetamine. These results indicate - that the pattern of neuronal activation
elicited by conditioned stimuli previously paired with d-amphetamine differs
somewhat from that produced by a cocaine-paired environment. In contrast, acute
administration of cocaine and d-amphetamine produce similar patterns of c-fos
expression. Interestingly, although the nucleus accumbens is necessary for the
unconditioned locomotor effects of cocaine and d-amphetamine, c-fos expression in
this structure was not significantly altered by the contextual conditioned stimuli
associated with either drug, thus indicating that different circuits may be involved in
the conditioned and unconditioned effects of cocaine and d-amphetamine.
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PLASMA CONCENTRATIONS OF COCAINE AND BENZOYLECGONINE
FOLLOWING INTRAVENOUS COCAINE ADMINISTRATION. A.E. MCCa^*.

A.F. Lehner. R.M. Booze and C.F. Mactutus. Univ. of Kentucky College of Medicine,
Dept, of Pharmacology, College of Pharmacy, THRI and Graduate Center for
Toxicology, Lexington, KY 40536.
Following either s.c. or i.p. injection, plasma cocaine concentration is characterized
by slow first order kinetics and prolonged elevation. The present study examined the
plasma concentrations of cocaine and benzoylecgonine (BE) following a single i.v.
injection of 0.5 mg/kg, 1.0 mg/kg or 3.0 mg/kg cocaine. Male Sprague-Dawley rats
(N=32) were fitted with a subcutaneous vascular access port (Mactutus et al., 1994) and
allowed to recover for at least 3 days. Plasma samples (200 pl) were obtained at 8 time
points (30, 60, 90, 120 seconds and 5, 10, 20, 30 minutes) following injection and
analyzed by single ion monitoring using GC/MS. Derivatization of BE to the
trimethylsilyl ester (TMS) was performed prior to analysis and the 240/243 m/e ion pair
ratio was interpolated to a 9 concentration (0-10,000 ng/ml) standard curve. Identical
SIM procedures were established utilizing the cocaine 182,198, 272 and 303 m/e ion
pairs and the plasma concentration of cocaine was determined by the interpolation to
the 185 m/e peak of cocaine^. Peak plasma concentrations of cocaine occurred at 30
seconds in a dose-dependent manner (3.0>1.0>0.5 mg/kg). In both 0.5 and 1.0 mg/kg
cocaine groups, plasma concentrations decreased to <200 ng/ml by 10 minutes, yet the
3.0 mg/kg group remained elevated (>5OO ng/ml) for longer than 20 minutes. Plasma
concentrations of BE reached a plateau in the 0.5 mg/kg (80-90 ng/ml) and the 1.0
mg/kg group (160-170 ng/ml) within 10-20 minutes whereas the concentration of BE
in the 3.0 mg/kg group was increasing at 30 minutes (>5OO ng/ml). The close parallel
of the present data to human cocaine kinetics (Evans et al., 1994) indicates the s.c.
vascular access port model of i.v. cocaine administration offers a viable alternative to
i.p. or s.c. routes for the study of behavioral modifications and neuropharmacology
following cocaine administration. (Supported by DA06638, DA09160, & ES06259)

765.11

PRECLINICAL ASSESSMENT OF THE POTENTIAL USE OF
METHYLPHENIDATE AS A TREATMENT FOR COCAINE
ABUSE C. McNamara* and S. Schenk. Texas A&M University,
Dept. Psychology, College Station, TX 77843
Three different self-administration paradigms were used
in an assessment of the potential use of methylphenidate as a
substitution pharmacotherapy for the treatment of cocaine
abuse. In the first, rats were trained to self-administer cocaine
and then were treated with methylphenidate (0.0 or 20.0 mg/kg)
immediately prior to daily 2 hr sessions. Methylphenidate reduced cocaine-reinforced responding across a wide range of
cocaine doses (0.03-0.50 mg/kg/infusion) to control levels
suggesting that the reinforcing effects of cocaine were completely blocked by pretreatment with methylphenidate. However,
methylphenidate was reliably self-administered and, in a model
of drug seeking behavior, it dose-dependently reinstated extinguished cocaine-taking. Taken together, these data suggest that
methylphenidate can effectively block cocaine self-administration. However, the drug has potential for abuse, as indicated by
its self-administration and may serve as a cue to reinstate drugseeking behaviors.

Supported by DA06825.

765.13

GENES REGULATED BY PSYCHOSTIMULANTS AND
MORPHINE IN BRAIN X.B.Wang*@, H. Uiike@. J.T. You®
and G.R.Uhl#@. @Mol. Neurobiol. Br., IRP, NIDA, NIH;
#Dept. Neurol. & Neurosci., JHUSM, Balto., MD 21224
Although molecular mechanisms establishing or
maintaining long-term behavioral changes induced by
abused drugs are largely unknown, drug-induced
alterations in neuronal gene expression could play
significant roles in these manifestations of neuronal
plasticity. We have used subtracted differential display
PCR to identify an initial set of 20 genes characterized by
altered expression following psychostimulants or
morphine. Differentially-expressed cDNAs hybridize to
mRNAs ranging in size from 0.5 to 12kb. Six display
brain-specific expression. Sequence analyses reveals
several with homologies to neurotransmitter receptor,
intracellular signal transducing factor, and stress
responsive enzyme gene families. These and other drugregulated cDNAs encode candidate genes for
involvement in long term CNS changes induced by
abused drugs.
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765.10

DIFFERENTIAL ACTIONS OF COCAINE AND AMPHETAMINE ON
SOMATOSENSORY CORTICAL NEURONS. F.M. Sessler*. T.N.
Felder. J. Zhai. F.-C. Hsu. R.C.-S. Lin, B.D. Waterhouse, and J.
Lehmann. Depts. Of Anat. & Neurobiol., and Neurosurg., Med. Col. Of
Pennsylvania and Hahnemann Univ., Philadelphia, PA 19102
Cocaine and amphetamine have both psychostimulant properties.
Some of their effects have been related to an enhancement of
monoaminergic transmission by blockade of reuptake and/or direct
release of monoamines. The question whether these two compounds
produce similar or differential actions on sensory cortical circuits and
pyramidal neurons membrane was investigated here. Experiments
were conducted using an in vitro brain slice preparation from rat
somatosensory cortex. Intracellular recordings of cortical neurons were
made before, during and after bath application of cocaine or
amphetamine (0.1-100pM). EPSPs were evoked by electrical
stimulation of the underlying white matter. At low concentration (0.11pM), both cocaine an amphetamine increased spike firing probability
and EPSP amplitude of cortical neurons. At higher concentrations (10100pM), bath application of cocaine was predominantly inhibitory
whereas amphetamine produced both excitatory and inhibitory effects
over these same parameters depending on the cell tested. These
results suggest that different monoamines system may be involved with
higher concentrations of amphetamine. Also, cocaine-induced local
anesthetic action may interact and cancel psychostimulant effects of
the drug on cortical circuits. Furthermore, identification of vulnerable
cell types may be a necessary step in predicting the impact of these
drugs on
somatosensory cortical circuits. (Supported by NIDA
DA08405 to FMS and DA05117 to BDW).

765.12

rGp: A NOVEL RAT G PROTEIN p SUBUNIT WHOSE EXPRESSION
ALTERS PROCESS FORMATION IN SHY5Y CELLS ®GG.R.Uhl.*
X.B.Wana@. Mol. Neurobiol. Br.@, IRP, NIDA, NIH; Dept. #Neurol.
& Neurosci., JHUSM, Balto., MD 21224.
pY dimers resulting from G protein activation may transduce
cellular signals from a variety of extracellular stimuli, including
abused drugs. During searches for drug-regulated genes, we
identified a partial cDNA clone that demonstrated striking
regulation by psychostimulants and morphine as 80% homologous
to 3' sequences of the human G protein p, subunit. Screening
produced a 2.9 kb cDNA that contained an open reading frame of
1020 bp sequence and a predicted amino acid sequence 98%
identical to the hGp, sequence but only 72% or less identical to
previously-reported rat Gp sequences. This apparent rat G protein
p, subunit was expressed most strongly in brain, with different

levels noted in different brain regions. Striking morphological
changes were observed when mRNA sense and antisense rGp<
constructions were expressed in SY5Y neuroblastoma cells.
Transfection with mRNA sense rGp, resulted in slow growth and
loss of neuronal-like processes from these cells. In contrast, cells
transfected with the antisense construction displayed more
vigorously extended neural process and expanded growth cones.
If these in vitro findings are reproduced in neurons, rGp, may play
a significant role in drug-induced synaptic plasticities.

765.14

FACILITATION OF BRAIN STIMULATION REWARD BY MILDLY
PSYCHOACTIVE SUBSTANCES: A QUANTITATIVE COMPARISON WITH
PROTOTYPIC ADDICTIVE DRUGS. M.A. Bozarth*, C.M. Pudiak, & R. KuoLee.
Department ofPsychology, University at Buffalo, Buffalo, NY14260-4110.
Considerable evidence suggests that a compound's effect on brain stimulation reward
(BSR) provides a useful assessment of its potential addiction liability. Drugs that
enhance BSR are generally highly addictive, and drugs that are not addictive usually
fail to enhance BSR. Most investigators consider this a qualitative indicator: BSR
facilitation suggests the drug has addictive properties. However, earlier work (M.A.
Bozarth, Intracranial self-stimulation as an index of opioid addiction liability ....
Unpublished M.A. thesis: RPI, 1978) suggested that quantitative aspects of facilitation
may be important in distinguishing compounds with high and low addiction liabilities.
The present study examined the facilitatory effects of three compounds: the prototypic
addictive drug cocaine, the nonaddictive decongestant pseudoephedrine, and nicotine.
Male, Long-Evan rats with lateral hypothalamic stimulating electrodes were tested
using a threshold tracking procedure. Daily 30-min test sessions determined the
minimum stimulation frequency necessary to maintain responding at >30 presses/min.
Cocaine hydrochloride (1 to 30 mg/kg, i.p.), pseudoephedrine hydrochloride (3 to 100
mg/kg, i.p.), or nicotine bitartrate (0.125 to 1 mg/kg, s.c.) were injected immediately
before threshold tracking. All drug injections were separated by a minimum of 72 hrs.
Peak threshold-lowering effects were determined using 180-min test sessions.
Cocaine produced robust threshold lowering. Pseudoephedrine also lowered BSR
thresholds, but this effect was much less than that seen with cocaine (i.e., <25% vs.
>50% threshold reduction, respectively). Nicotine produced facilitation quantitatively
similar to that seen with pseudoephedrine and distinct from the effect seen following
cocaine. These data suggest that quantitative aspects of facilitation must be considered
to distinguish compounds with a high addiction liability (e.g., cocaine) from substances
with a low addiction liability (e.g., pseudoephedrine). These data further suggest that
nicotine's profile in this animal model is that of a nonaddictive substance.
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THE EFFECTS OF MEDIAL PREFRONTAL CORTEX LESIONS ON COCAINE
SELF-ADMINISTRATION AND CONDITIONED COCAINE-SEEKING
BEHAVIOUR IN RATS. R. Weissenbom*. T.W. Robbins and B.J. Everitt
Department of Experimental Psychology, University of Cambridge, Cambridge CB2
3EB.UK
The medial prefrontal cortex (mPFC) may have an important function in
mediating the reinforcing effects of psychostimulant drugs - most likely through its
role within corticostriatopallidal feedback loops and specifically through its afferent
connections with the ventral striatum. The present series of experiments was
designed to examine in detail the involvement of the mPFC in different aspects of
conditioned and unconditioned cocaine-seeking behaviour in rats. Quinolinic acidinduced excitotoxic lesions of the mPFC resulted in significantly shorter interinjection intervals and higher response rates during the acquisition and maintenance
of i.v. cocaine self-administration, compared to sham-lesioned controls (p<0.05).
This lesion effect was specific to cocaine-reinforced responding, since both groups
extinguished responding on a control lever at the same rate. Within- and betweensession dose-effect curves to cocaine were also determined. Medial PFC lesions
produced significant increases in response rates both on the ascending limb and at the
top of the descending limb of the inverted U-shaped dose-effect curve, but no shift to
the left of the entire function was observed. When responding resulted in saline
infusions only, lesioned rats continued to discriminate between active and inactive
levers, while control rats responded on both levers at equal rates. Together, these
observations support the hypothesis that excitotoxic lesions of the mPFC may
enhance the propensity for perseverative responding rather than alter cocaine's ability
to maintain operant responding. Preliminary data further suggest that mPFC lesions
may impair responding maintained by conditioned reinforcers under second-order
schedules of cocaine reinforcement, indicating a deficit in the extent to which
cocaine-seeking behaviour is controlled by drug-associated cues. This work was
supported by MRC Grant G9407194N.

DRUGS OF ABUSE:

OPENFIELD AND PASSIVE AVOIDANCE BEHAVIOR OF YOUNG ADULT
RATS PRENATALLY EXPOSED TO COCAINE, ETHANOL OR BOTH
DRUGS OF ABUSE. K. Folev* and C. Ulibarri. Dept of VCAPP, Washington

State University, Pullman WA 99164-6520.
Drugs of abuse such as cocaine and alcohol are known to cause behavioral
deficits. When cocaine and alcohol are abused simultaneously, the
transesterification product, cocaethylene, is formed. Cocaethylene is more potent
than cocaine in some systems, and is known to cross the placenta barrier. Few
studies have characterized the effects of alcohol and cocaine used concurrently ' in
an animal model. In this study, the effects of prenatal exposure to cocaine, alcohol,
or both drugs of abuse on activity in an openfield as well as memory retention in
a passive avoidance paradigm were studied. Timed-pregnant Sprague-Dawley dams
were treated on gestational days 11-21 with one of the following: 1) free-fed 2)
nutritionally matched to drug-treated dams (pair-fed) 3) cocaine (20 mg/kg) 4) low
dose of alcohol (EtOH-lo; 30% of calories as alcohol) 5) high dose of alcohol
(EtOH-hi; 60% of calories as alcohol), 6) EtOH-lo and cocaine, 7) EtOH-hi and
cocaine. At birth, pups were fostered to surrogate dams to avoid possible maternal
postnatal effects of the drugs. As adults, rats were tested in four weekly openfield
behavior tests followed by training on a standard dark-light passive avoidance
paradigm.
In openfield behavior tests males from the EtOH treatment groups
demonstrated significantly reduced margin time as compared to pair-fed controls.
These males also had a significantly increased level of horizontal activity and a
significantly decreased level of vertical activity. In a passive avoidance paradigm,
males showed a significantly greater latency to enter after shock conditioning than
females. Alcohol treatment significantly increased the latency to enter in the
passive avoidance paradigm. Supported by funds provided for medical and
biological research by the State of Washington Initiative Measure No. 171 to CU.

COCAINE VI

766.1

766.2

THE RELATIONSHIP BETWEEN COCAINE SELF-ADMINISTRATION AND
SACCHARIN PREFERENCE. B .A. Gosnell*. D .D. Krahn and J.M. Yracheta.
Department of Psychiatry, University of Wisconsin-Madison, Madison, WI 53792.
Previous research suggests a positive relationship between saccharin preference
and the self-administration of ethanol (orally) and morphine (i.v.) in rats. This experiment was performed to determine whether a similar relationship exists between
saccharin preference and cocaine self-administration. Male rats (n=32) were given
ad lib access to saccharin and water for 4 days. Total daily fluid intake over days 3-4
was then expressed as a percentage of intake when only water was available. Rats
varied in the degree to which saccharin increased total intake, with values ranging
from 99 - 237% of baseline water intake. Jugular catheters were then implanted in
all rats. After recovery, cocaine self-administration was measured in an overnight
session (18 hr, FR 1 schedule, 0.4 mg/kg/infusion with a cutoff of 80 mg/kg). Some
rats (n=8) ' across the entire range of saccharin preferences obtained the maximum
number of infusions. Interestingly, of the remaining 24 rats, those with intermediate
saccharin preferences self-administered more cocaine than rats with low or high preferences; in these rats, the difference between low and intermediate rats was significant (p<0.05). Following the overnight session, all rats were tested in daily 1 hr
sessions at doses of 0.125 -1.0 mg/kg/infusion and with reinforcement schedules of
FR1 - FR6. A significant relationship between saccharin preference and cocaine selfadministration was observed only under conditions of a FR 6 schedule combined with
a low dose (0.125 mg/kg/infusion). Under these conditions, rats from the middle
third of the distribution of saccharin preferences self-administered more cocaine than
rats in the upper or lower thirds. This “inverted U’-shaped relationship between
saccharin preference and cocaine self-administration differs from that observed with
ethanol and morphine. These results may be related to the observation by Glick et al.
(Brain Res. 653:148-154, 1994) of a curvilinear relationship between baseline levels
of dopamine in the nucleus accumbens and cocaine self-administration.
Supported by NIDA DA05471, DAO6827 and DA00210.

PREEXPOSURE TO COCAINE ATTENUATES COCAINE-INDUCED
TASTE AVERSIONS. H.F. Diamond* and A.L Riiev.
Ps/chopharmacology Laboratory. Department of Psychology.
The American University. Washington. DC 20016.
Animals exposed to one of a number of compounds prior to
taste aversion conditioning with those compounds display
attenuated aversions relative to nonpreexDosed subjects. In the
present experiment, the effect of exposure to cocaine on
cocaine-induced aversions was assessed. Cocaine was examined
within this preparation because in other designs chronic
exposure to cocaine potentiates (or sensitizes) subsequent
responsivity to cocaine. In the present design. rats were
administered cocaine (32 mg/kg. SC) or vehicle every fourth
day for a total of five drug exposures. Animals were then given a
novel saccharin solution to drink and immediately injected with
cocaine (32 mg/kg. SC) or the distilled water vehicle. Animals
preexposed to vehicle and injected with cocaine during
conditioning rapidly acquired a taste aversion to cocaine.
Animals preexposed to cocaine and injected with cocaine during
conditioning failed to acquire a taste aversion. drinking at levels
comparable to controls (i.e.. subjects preexposed to cocaine but
injected with vehicle and subjects preexposed to the vehicle and
injected with vehicle). Similar to other drugs within this
preparation (both abused and nonabused). cocaine preexposure
weakens (and does not potentiate) subsequent cocaine-induced
taste aversions.

766.3

766.4

THE INTERACTION OF ALCOHOL AND COCAINE IN TASTE AVERSION
CONDITIONING. B.-F. X. Sobel*. S. A. Etkind. W. E. Fantearossi
and A. L Riley. Ps/choDharmacoloav Laboratory. Department of
Psychology, The American University, Washington, d C 20016.

COCAINE HAS DIRECT EFFECTS ON THE CORTICOTROPHS (AtT-20)
L.M. Konopka*. R.J. Wong. S.M. Delisi and J.W. Crayton. Biological Psychiatry
Section,
Hines VA /Loyola Strich Sch. of Med., Hines, Il 60141.
Cocaine abuse is a ' major public health problem. Cocaine addicts frequently
present with psychiatric as well as neuroendocrine abnormalities. Cocaine's
influence on the neuroendocrine system has been investigated. Primary research
efforts have been directed towards elucidating the hypothalamic mechanisms of
cocaine's action. To date however, no studies addressed direct effects of cocaine
on the pituitary cells. We have selected a well-characterized model of anterior
pituitary corticotrophs, the AtT-20/D16v cell line, to elucidate the direct effects
of cocaine on a single component of the neuroendocrine system. Whole cell
recordings utilizing current and voltage clamp techniques was employed. In
addition, intracellular calcium was measured by means of Fura-2 imaging
techniques. Images of both cell populations and single cell recordings were
acquired. Application of cocaine (300 nM - 3 micM) resulted in inhibition of
spontaneous firing. This inhibition was associated with significantly increased
outward and to lesser extant inward currents. Results from the population based
calcium recordings indicated cocaine induced increase in the resting calcium
levels. Single cell recordings support the population studies. The results of this
study point to a complex mode of cocaine's action on the pituitary corticotrophs
and its possible role in the modulation of the excitation secretion processes.

In prior work (Sobel & Riley. Coll. Prob. Drug Deo.. 1994).
we have demonstrated that doses of alcohol and cocaine without
effect on schedule-controlled behavior markedly suppressed
responding when given in combination. an effect consistent with
work from a number of other behavioral and physiological
preparations in which alcohol has been reported to potentiate the
effects of cocaine. In the present experiments. the interaction of
these compounds was assessed within the taste aversion
preparation. a behavioral index of toxicity. In Experiment 1.
different groups of rats were given 20-min access to a novel
saccharin solution followed immediately by an injection of either
alcohol (0.56 g/kg. ip). cocaine (25 mg/kg. sc). the distilled
water vehicles or the alcohol/cocaine combination. Although
neither drug alone (nor the vehicle injections) induced a taste
aversion. animals injected with the combination markedly
decreased saccharin consumption. acquiring an aversion to
saccharin after only two saccharin-alcohol/cocaine pairings.
Interestingly. alcohol did not potentiate cocaine-induced
aversions when cocaine was given ip. although the same
combination dramatically affected schedule-controlled behaviors
(Experiment 2). These data indicate that the interaction of
alcohol and cocaine (when administered subcutaneously) extends
to indices of toxicity.
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766.5

THE EFFECTS OF REPEATED COCAINE ADMINISTRATION
ON PERGOLIDE-INDUCED ENDOCRINE RESPONSES IN
HUMAN
DRUG
USERS.
M.H.Baumann*.
K.M.Becketts.
T.M.Gendron. J.E.Henningfield. D.A.Gorelick and R.B.Rothman.
Clinical Pharmacology Lab., IRP, NIDA, NIH Baltimore, MD
21224.
Preclinical evidence indicates that chronic cocaine exposure alters
dopamine (DA) neurotransmission. In the present study, we examined
the effects of repeated intranasal cocaine administration on DA
function in human subjects in an in-patient research study. Male
polydrug abusers (N = 11) participated in 2 daily self-administration
sessions (AM & PM) for 5 consecutive days. Subjects snorted both
placebo and cocaine (96 mg) each day, with cocaine being presented
in a randomized, double-blind fashion at 1 of the daily sessions.
Neuroendocrine challenge tests were performed using the DA receptor
agonist pergolide (0.1 mg, p.o.) 5 days before and 3 days after the

repeated cocaine dosing regimen. Repeated blood samples were
drawn at 30 min intervals from 1 hr before until 6 hr after pergolide
challenge.
Plasma prolactin (PRL) and growth hormone (GH)
concentrations were determined by R1A.
Pergolide decreased
circulating PRL and increased GH. No significant differences in
responsiveness to pergolide were found between the pre- and postcocaine condition. Our data suggest that repeated doses of intranasal
cocaine do not modify DA receptor sensitivity in human drug users.

766.7
CHRONIC
COCAINE
TREATMENT
DECREASES
OXYTOCIN LEVELS IN THE AMYGDALA AND
INCREASES MATERNAL AGGRESSION IN SPRAGUE
DAWLEY
RATS.
J.M.Johns*.
B . M. Facfqin,
L.R.Noonan, L.Li, L.I.Zimmerman and C.A.
Pedersen. Dept. of Psychiatry, Univ. of
North Carolina, Chapel Hill, N.C. 27599.
Gravid Sprague-Dawley rats (250-275g)
received
one
of
three
treatments
throughout gestation;
s.c.
injections
b.i.d. of saline (Sal) or 15 mg/kg of
cocaine HCL or 1.5 mg/kg amfonelic acid
(AFA) once daily. Females were tested on
postpartum day 6 for maternal aggression
towards a male intruder during a 10 min.
period. Cocaine treated dams threatened
intruders more than AFA dams (p<.04) and
attacked intruders more than AFA (p<.05)
or Sal (p<.04) treated dams. Dams were
sacrificed for oxytocin RIA's using the
whole
ventral
tegmental
area
and
amygdala.
Mean picograms per area and
per mg protein were compared for the
groups.
Chronic
cocaine
treatment
significantly reduced oxytocin levels in
the amygdala as compared to Sal-treated
(p<.O5) and AFA-treated dams (p<.01).
(Supported by NIH grant DA08456 and a
UNC Medical Faculty Grant).

766.9
INCREASED COCAINE SELF-ADMINISTRATION AFTER
SOCIAL STRESS. K.A. MiczgJkt. Nt Hubbard a_nd.I-,C&ntutiCastelvetri. Dept. Psychology, Tufts-Univ., Medford MA 02155.
Cocaine and many kinds of stress lead to increased release of
mesocorticolimbic dopamine. How specific is the activational effect
of social stress to cocaine self-administration? We assessed the impact of social stress on behavior that was reinforced either by i.v.
cocaine or by food, each at similar rates. Social stress was engendered by exposing the experimental rat solely to the threats of an
aggressive resident rat behind a protective screen without potentially
injurious attacks. Initially, we determined the characteristic inverted
U-shaped concentration-response rate curve for cocaine selfadministration (0.016-0.25 mg/infusion), maintained by an FR 10
schedule. Each cocaine dose was assessed for 3-5 days. In a second
phase, animals were exposed to social stress for 60 min immediately
before the daily session, and the cocaine concentration-response rate
curve was re-determined. In a parallel group, the rate of foodreinforced behavior, maintained by a joint FR 10 FI 3 min schedule,
was determined before, during, and after daily exposure to social
stress. The rate of i.v. cocaine self-administration, but not of foodreinforced responding, was increased in rats that were socially
stressed prior to the daily session. Other stressors like pair housing
or exposure to a novel environment did not affect cocaine self
administration. This increase was largely due to a high rate of
responding immediately after the cocaine infusion pointing to
activational effects of the self-administered cocaine in animals
whose mesocorticolimbic dopamine is already released due to social
stress.
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766.6

INFLUENCE OF CORTICOSTERONE ON THE PSYCHOMOTOR EFFECTS OF
COCAINE: A DOSE-RESPONSE STUDY. M Marinelli. F, Rouge-PonL M, Le Moal and
P.V, Piazza*. INSERM U. 259, Universite de Bordeaux II. 33077 Bordeaux Cedex, France.
Adrenalectomy (ADX) is known to reduce the behavioral effects of cocaine whereas
replacement of corticosterone in the range of basal diurnal levels reverses these
effects. This study further investigated the relationship between corticosterone
(CORT) and sensitivity to psychostimulants. For this purpose, in a first experiment
we studied the effects of ADX on the locomotor response to different doses of
cocaine (0, 3.25, 7.5, 15, 30, 60 mg/kg). Locomotor activity increased with the
increase in drug concentration reaching the maximal locomotor activation at the dose
of 30 mg/kg in all animals, however the maximal effect of the drug was reduced by
60% by removal of circulating of CORT. Thus, ADX rats did not differ from controls
either for the response to a saline injection or for the psychomotor activation induced
by the lower doses of cocaine (3.125 and 7.5 mg/kg), but at all of the higher doses
ADX rats showed a lower locomotor response than sham rats. In a second experiment
we investigated the dose-response effects of replacing circulating CORT in ADX rats
on the locomotor response to cocaine (20 mg/kg). In this study ADX animals were
implanted with subcutaneous pellets containing different concentrations of the
hormone (0, 3.125, 12.5 or 50 mg) so as to progressively increase circulating CORT
to levels observed in diurnal conditions. Again, the absence of CORT reduced the
locomotor response to cocaine and there was a progressive increase in drug effect
with increasing doses of CORT. The effects of ADX were completely abolished by the
higher dose of CORT which gave diurnal levels of the hormone. The differences
observed in response to cocaine cannot be explained by a difference in drug
availability since neither ADX nor CORT replacement had any effects on brain levels
of cocaine. These results indicate that stimulant effects of cocaine depend on CORT
concentrations and that this hormone facilitates the psychomotor properties of this
drug. This study suggests that individual differences observed in sensitivity to drugs
of abuse may depend on circulating CORT levels and may open new therapeutic
strategies for drug addiction.

766.8

NEUROENDOCRINE AND BEHAVIORAL RESPONSES TO COCAINE
iN FISCHER AND LEWIS RATS M. Renee Simar* and Nick E. Goeders. Dept.
of Pharmacology and Therapeutics;, Louisiana State University Medical Center.
Shreveport, LA 71132.
Differences in the vulnerability to self-administer drugs of abuse have been
observed in laboratory rats. Reports suggest that differences in adrenocortical
activity may be a factor in the variability to acquire drug self-administration.
These studies compared the cocaine-induced neuroendocrine and behavioral
responses in strains of rats previously shown to self-administer drugs
differently. Lewis (LEW) and Fischer (F344) rats were chosen for their pattern
of self-administration as well as for differences in the responsiveness of the
hypothalamic-pituitary-adrenocortical (HPA) axis to various stimuli. The acute
neuroendocrine responses to cocaine were characterized by the effect of
cocaine (1-60 mg/kg, i .p .) on hypothalamic corticotropin-releasing factor
(CRF), corticosterone (CS), and adrenocorticotropin hormone (ACTH).
Although both LEW and F344 rats displayed a decrease in brain CRF and an
increase in plasma CS and ACTH, the percent response in LEW rats was
greater than in F344 rats. This suggests that acute injections of cocaine can
stimulate HPA axis activity, and that LEW rats, the drug-preferring strain
compared to F344 rats, are more sensitive to the neuroendocrine activating
effects of cocaine. Studies on the reinforcing effects of cocaine using an
operant model of intravenous (i.v.) administration have also been performed.
Rats were tested for acquisition of cocaine self-administration at increasing
doses (0, .031, .062, .125, .250, .500, and 1.00 mg/kg/infusion). Our data
indicate that LEW rats will self-administer i.v. cocaine more readily than F344
rats. Although basal plasma CS is higher in F344 rats, a greater CS response to
i.v. cocaine was observed in the LEW strain. These studies suggest that
neuroendocrine and behavioral responses to cocaine are markedly different in
LEW and F344 rats , and these differences may be a factor in the variability in
drug preference observed in these strains. This work was supported by
USPHS Grant DA06013.

766.10

SOCIAL STRESS MODULATES FOS EXPRESSION AFTER
COCAINE AND MORPHINE TREATMENT IN MICE. E.M. Nikulina*.
J.E. Marchand. K.A. Miczek and R. Kream. Department of
Anesthesiology and Department of Psychology, Tufts University,
Medford, MA 02155
Previous stress may change vulnerability to drugs of abuse, however
neither the neural mechanisms underlying such effects nor the nature of
the stress are well understood. The objective was to study whether social
stress, either one week or immediately before administration of morphine
or cocaine can influence c-fos expression in brain stem of mice. "Social
stress" was defined as defeat in a brief confrontation with aggressive
resident mouse and subsequent exposure to the resident's threats behind a
protective screen. Mice were injected i.p. with morphine (7.5 mg/kg) or
cocaine (40 mg/kg) and perfused 1 hour after injections. c-Fos
immunoreactivity protein was investigated in periaqueductal gray (PAG)
and locus coeruleus (LC). Social (defeat) stress in naive mice increased
Fos-positive cells in PAG and LC in comparison to saline or untreated
mice. Administration of morphine enhanced c-fos expression in PAG and
LC. Social stress immediately before morphine injection appeared to have
additive effects on c-fos expression in PAG and LC, whereas social stress
one week before morphine challenge attenuated c-fos expression in PAG.
Cocaine produced large c-fos expression 1 hour after injection in PAG and
LC. A single defeat immediately before cocaine significantly attenuated cfos expression in PAG and LC, whereas social stress 1 week before
cocaine administration diminished c-fos expression in LC, resulting in ca.
50% lower count than after acute cocaine. These results suggest that
development of stress-induced tolerance or sensitization to morphine or
cocaine, respectively, is related with c-fos expression in brain stem.
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VARIABLE HEMODYNAMIC RESPONSIVENESS TO BEHAVIORAL
STRESS AND COCAINE IS RELATED TO DIFFERENTIAL CNS
RESPONSIVITY. M.M. Knuepfer*, D. Hoang. P.J. Mueller. Q. Gan.
L. Vickery and T.C. Westfall. Pharm. & Physiol. Sci., St. Louis Univ.,
St. Louis MO 63104.
We have noted highly variable hemodynamic responsiveness to cocaine
and air jet stress in a population of rats (AJP, 265:H779-H782, 1993). In
the present study, we examined the relationship between cardiovascular
responsiveness to cocaine and to air jet with release of dopamine (DA) and
norepinephrine (NE) in the nucleus accumbens (NA) and striatum (Str) as
measured by HPLC. Conscious rats instrumented for determination of
changes in cardiac output (CO) using pulsed Doppler velocitometry were
tested for hemodynamic responsiveness to cocaine (5 mg/kg, i.v.) and air
jet stress. Subsequently, rats were prepared with microdialysis probes in
the NA and Str. On the following morning, rats were acclimated then
physically restrained for 20 minutes while collecting dialysates. In the
afternoon, cocaine was administered as before. As previously reported,
stress or cocaine elicited pressor responses by increasing systemic vascular
resistance only (vascular responders) or by increasing both CO and
vascular resistance (mixed responders). The mixed responders had higher
resting NE levels in Str. Restraint stress elicited increases in Str NE only
in mixed responders whereas cocaine elevated Str DA levels more in
vascular responders. These data suggest that differential hemodynamic
responses to cocaine or stress are related to variable levels and release of
catecholamines in the striatum. (Supported by DA05180).

DIFFERENTIAL EFFECTS OF ACUTE RESTRAINT STRESS ON THE
BEHAVIORAL EFFECTS OF COCAINE. J.B. Acri and J.M. Witkin* Drug
Development Group, Psychobiology Section, NIDA-DIR-ARC, NIH,
Baltimore, MD 21224.
Acute laboratory stressors result in a number of neurochemical and
behavioral effects. Stress has been reported to increase dopamine levels in
brain regions associated with subjective and reinforcing effects of abused
drugs, and has been reported to produce cross sensitization to psychomotor
stimulants. The present experiments were undertaken to determine if acute
restraint stress could modify the discriminative stimulus effects and the
locomotor stimulatory effects of cocaine. Six rats trained to discriminate 10
mg/kg of cocaine were restrained for 15-20 minutes, and the dose-effect
curve of cocaine was significantly shifted to the left, suggesting a potentiation
of subjective effects. Subsequent re-establishment of the dose-effect curve
indicated that the stress effect was transient, by a return to baseline values. A
second series of experiments evaluated the effects of 15-20 minutes of
restraint stress on the locomotor stimulant effects of cocaine in mice. Naive
mice were either restrained for 15-20 minutes or remained in home cages
prior to administration of saline or one of several doses of cocaine. Stress
significantly decreased locomotor activity, measured as horizontal activity or
number of movements, and significantly reduced cocaine-induced increases.
When this experiment was repeated with mice that had been previously
habituated to the locomotor arena, stress reduced locomotor activity in salinetreated, but not in cocaine-treated mice. These results suggest that stress
effects on cocaine-mediated behaviors are complex, are dependent upon the
behaviors being measured, and can be further modulated by behavioral
history.

766.13

766.14

CHRONIC EXPOSURE TO CADMIUM ALTERS THE
INITIATION OF BEHAVIORAL SENSITIZATION TO
COCAINE. J.R. Nation*. C.L. Livermore, and G.R. Bratton. Texas
A&M University, College Station, TX 77843
Cadmium selectively accrues in tobacco plants and poses a
significant health hazard to heavy users of tobacco products. Recent
findings indicate that risks may extend to include altered sensitivity to
drugs that have substantial abuse liability. Continuing this line of
research, the present investigation examined the effects of recurrent
cadmium exposure on behavioral sensitization to cocaine. While
monitoring motor activity, control and cadmium-treated adult male
rats [60 days exposure to 100 ppm cadmium chloride via water
supply], received single daily IP injections of 10 mg/kg cocaine HCL
or saline for 14 successive days. On Day 15 all rats received saline

NEUROBIOLOGICAL RELATIONSHIP BETWEEN VULNERABILITY TO
DEPRESSION AND TO DRUG ABUSE: IN VIVO MICRODIALYSIS
STUDIES. Marino Lepore* and Eliot L. Gardner, Department of Psychiat^', Albert
Einstein College of Medicine, 1300 Morris Park Avenue, Bronx, NY 10461-1602.
Clinical studies have shown a marked association between co-vulnerability to depression and to drug abuse. In agreement with theories that depression is reflected in a
reduced capacity to experience pleasure, animal experiments demonstrate that manipulations that predispose towards depression also influence reward processes.
Changes in nourptransmissipn in the mesolimbic dopamine (DA) system may underlie this effect. Stress has been shown to increase DA turnover in this system and
mild /severe stress can induce abnormalities in DA transmission specific to the
nucleus accumbcns (NAcc). The following experiment examined the relationship
between the co-vulnerability to depression and to drug abuse. The effect of cocaine
on the development of learned helplessness (LH) was studied in animals genetically
susceptible (Lewis-Lynon-susceptible (Fischer .344-F.344) to drug abuse. Following
exposure to LH, animals were implanted with dialysis probes in the NAcc, and the
effect of cocaine challenge (10 mg/kg) on DA transmission was examined. Although
L rats are more susceptible to drug abuse than F344, neither strain demonstrated any
predisposition towards LH. When cocaine was administered prior to LH training,
40% of L and 70% of F344 rats became non-LH. Cocaine, therefore, had a protective effect on the development of LH, and was more pronounced in F344 rats. Following cocaine challenge, dialysate DA levels were heavily influenced by previous
LH exposure. For controls, dialysate DA was higher in L rats than F344. Following
LH training, dialysate DA levels did not increase significantly in F344 rats compared to controls. However, F344 rats that received cocaine during LH training (and
who later became non-LH) showed a greater than 300% increase in dialysate DA
levels. The effects of cocaine on dialysate DA in the L rat are currently under investigation. Thus, when cocaine is administered during LH training, the effect on dialysate DA levels in F344 rats is dramatic, and suggests that a potentially significant
and long-lasting change in the mesolimbic DA system following cpcalno+stross
could reverse a genetic non-susceptibility to drug abuse.

injections, followed on Day 16-18 with incremental challenges of 10,
20, and 40 mg/kg cocaine. The findings showed that cadmium
exposure retarded the initiation of sensitization. These data suggests
that xenobiotic contamination may alter drug responsiveness and
therein may influence patterns of drug selection and use.

766.15

766.16

EFFECT OF ADRENALECTOMY ON INITIATION AND EXPRESSION OF
COCAINE- INDUCED SENSITIZATION AND STRESS- INDUCED CROSS
SENSITIZATION. B. M. Prasad . C, Ulibarri. P. Duffv*P. W. Kalivas and B. A.
Sorg. Dept, of VCAPP, Washington State University, Pullman, WA 99164.
Activation of the hypothalamo-pituitary-adrenal (HPA) axis has been
implicated in the development of psychostimulant- and stress- induced behavioral
sensitization. In an attempt to further characterize the role of the HPA axis in
sensitization, the effect of adrenalectomy (ADX) on the initiation and expression
phases of cocaine- induced behavioral sensitization and stress- induced cross
sensitization was evaluated. To determine the role of HPA axis in the initiation of
behavioral sensitization, male Sprague-Dawley rats were subjected to sham surgery or
ADX. A week later, rats were subjected to a sensitization paradigm with
intraperitoneal injection of cpcaine(Dav 1-15 mg/kg; Day 2 to 6 - 30 mg/kg). On day
7 (early withdrawal) the behavioral response to cocaine challenge (15 mg/kg) was
tested. Three days later, one half of ADX rats were given corticosterone pellets and
corticosterone in the night drinking water to mimic the circadian variation of
corticosterone levels. After one week, rats were given a saline challenge followed by a
cocaine challenge (15 mg/kg) the next day (late withdrawal). Sham controls
demonstrated a sensitized locomotor response to the cocaine challenge at both early
and late withdrawal times compared to the response on day 1. In contrast,
sensitization was completely blocked in ADX rats at the early withdrawal time but
not at late withdrawal. The effect of ADX on the expression phase or- sensitization
was examined by administering daily cocaine as before followed by surgery one or
two days later. No effect of adrenalectomy was found on the expression of behavioral
sensitization. These results suggest that corticosterone is necessary during the
initiation of behavioral sensitization for the manifestation of sensitized ■response at the
early withdrawal time but not at late withdrawal time. Similar experiments were done
to examine the effect of adrenalectomy on stress- induced cross sensitization. A stress
paradigm that included mild foot shock stress and restraint stress was used in place of
daily cocaine injections. Preliminary results from these experiments suggest that ADX
had similar effects on both cocaine- and stress induced sensitization.
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ANXIOGENIC EFFECTS OF COCAINE ORAL SELFADMINISTRATION AND OF COCAINE WITHDRAWAL.
H.M.T. Barros *. V.B. Lanziotti. S.L.Tannhauser. MTannhauser.
Division of Pharmacology and Toxicology, FundacOo Faculdade Federal
de Ciencias Medicas, Porto Alegre, RS, Brazil, 90050-170.

Different studies show that cocaine administration and cocaine
withdrawal produce anxiogenic states in animals. This study was done
to examine the behavior of rats in the elevated plus-maze during acute
and prolonged cocaine self-administration and after cocaine withdrawal.
Adult male rats were allowed to administer cocaine solutions (0.1 - 0.5
mg/kg) using the two-bottle choice technique during different periods of
time (30 or 60 days). The amount of cocaine self-administered was in
the range of 10 to 30 mg/kg/day. The animals were introduced into the
elevated plus maze during the first, 15th and 30th day of cocaine
administration and for 5 days after withdrawal. Ethological evaluation
of frequency and duration of entrance to open and closed arms was
further conducted using videotape recordings. Behavioral effects were
not detected after acute oral self-administration of lower doses of
cocaine. Decreased entries into the open arms was seen on the third day
of treatment withdrawal. Decreased entries to the open arms was
verified after acute self-administration of higher doses of cocum. These
animals also showed this behavior during the five days of testing after
cocaine withdrawal.
Financial support: CNPQ and FAPERGS
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LIMBIC ACTIVATION DURING CUE-INDUCED COCAINE CRAVING
A.R. Childress, D. Mozley, J. Fitzgerald. M. Reivich, J. Jaggi. and C.P.
O'Brien*. Depts. of Psychiatry and Radiology, Univ. of Penn. School of
Medicine, and Philadelphia VA Medical Center, Philadelphia, PA 19104
Cocaine-related cues (e.g., drug users, drug talk, drug locations, drug
paraphernalia, etc.) can trigger profound cocaine desire in users of the drug,
but the brain correlates of this state are just beginning to be studied. The
similarity of responses during cocaine craving (arousal, heart palpitations,
light-headedness, ear-ringing, chest-tightness, a cocaine 'taste' in back of the
throat, and even mild euphoria) to the effects of actual cocaine suggests a
possible overlap of brain substrates. As many of cocaine's direct effects are
mediated through the mesolimbic dopamine system, we have hypothesized
activation of the same system during cue-induced craving.
To test the hypothesis of limbic activation during cue-induced craving,
rCBF (regional cerebral blood flow) was imaged in abstinent cocaine patients
and in matched controls without a cocaine use history during exposure to
videos of both non-drug and cocaine-related scenes. Imaging of rCBF was
accomplished with PET (Positron Emission Tomography) scans, using
radioactively-labeled (03^^15) water as the flow tracer. PET scans for each
subject were co-registered with an MRI (magnetic resonance image) to permit
anatomical localization of radioactivity. Cocaine patients (n=9 thus far)
experienced craving to the cocaine video, and several showed rCBF increases
in amygdala and in temporal pole during the cocaine video (as compared to
resting baseline). Systematic activation did not occur in non-limbic
comparison regions, nor in response to the non-drug cues. Control subjects
(n=6) did not experience craving during the cocaine video, and did not show
systematic rCBF increases to either video type. These results suggest limbic
activation may be one component of cue-induced drug craving.

COCAINE-INDUCED ALTERATIONS OF BRAIN ACTIVITY IN
HUMANS: AN FMRI STUDY. E.A.Stem*. J.Pankiewicz. H.H.
Harsch. M. Rossing. J-K.Cho. S.A.FuIIer. S.M. Rao and A.S. Bloom.
Departments of Psychiatry, Pharmacology and Neurology, Medical
College of Wisconsin, Milwaukee, WI 53226
Cocaine is a powerful psychostimulant agent with high abuse potential
in humans. While considerable progress has been made in understanding
cocaine’s mechanisms of action using in vitro and animal model systems,
very limited information is available on the pharmacokinetics and
localization of action of cocaine in the human brain. Functional MRI is a
non-invasive imaging technique that permits the visualization of functional
brain activity with excellent temporal and spatial resolution without the
use of ionizing radiation. Single shot echo planar imaging was obtained
on a 1.5 Tesla GE Signa scanner using an insertable, balanced torque, 3axis head gradient coil designed for rapid gradient switching. To obtain
images throughout the entire brain volume, a shielded quadrature elliptical
endcapped transmit/receive birdcage radio frequency coil was used. Four
experienced crack/IV cocaine users received doses of cocaine IV (10,20
and 40 mg over 60 sec) while FMR data were acquired (TR=6 sec;
TE=4O msec; 8 mm slice thickness). Subjects all displayed consistent
increases in heart rate, arterial blood pressure and generally reported
positive subjective effects to the drug. Heterogenous activation patterns
included consistent cerebral activation in the dorsolateral frontal, anterior
cingulate, temporal and insular cortex. Prominant inhibitory responses
were evident in several frontal fields. Signal activation latency generally
varied between 1-2 min with duration of effect between 8-20 min
depending upon region. These data demonstrate the ability of FMRI to
map drug effects in the human brain. (Support by USPHS grant
DA09465)

767.3

767.4

CEREBRAL GLUCOSE METABOLISM DURING COCAINE CRAVING:
A PET FDG STUDY. Steven Grant*4. David Newlini. Victor Villemagnei.
Robert L. Phillips*. Xiang Liu*. Alane S. Kimes! Carlo Contoreggii*. Edythe
D. London^5 'Neuroimaging and Drug Action Section, Addiction Research
Center, NIDA, NIH, Balto., MD 21224; ’Dept. Pharmacol. Exp. Ther., School
of Medicine, University of Maryland, Balto., MD 21201; and °Dept.
Radiology, The Johns Hopkins School of Medicine, Balto., MD 21205.
Stimuli that are regularly associated with drug use are thought to elicit
behavioral and physiological responses that contribute to addiction. In
particular, relapse after abstinence may be due, in part, to cue-elicited
responses. In the present study measurements of regional cerebral metabolic
rates for glucose (rCMRglc) using the [F-18] fluorodeoxyglucose (FDG)
method
and
positron emission
tomography
were
paired
with
psychophysiological and self-report assessments in cocaine abusers during
two experimental sessions. During the FDG uptake period, subjects were
exposed to either a neutral videotape on arts and crafts or a cocaine-related

DECREASED FDOPA UPTAKE IN RIGHT PUTAMEN IN PET STUDY OF
COCAINE ADDICTS DURING ACUTE WITHDRAWAL. J,C. Wu*. K. Bell, E.
Klein. C, Widmark, A, Naiafi. C, Tang, L. LaCasse, B, Bunnev, W.E. Bunnev.
Brain Imaging Center, UCI-CCM Psychiatry Dept., Irvine, CA 92717.
A persistent decrease in dopamine presynaptic activity has been
hypothesized to be a key reason why so many cocaine addicts relapse. This study
measured F-Dopa uptake, a measure of dopamine presynaptic activity, using
positron emission tomography (PET) scans in nine cocaine addicts who had been
drug free (off cocaine) for a minimum of one week compared with ten normal
controls. Nine cocaine dependent subjects in acute withdrawal (< 30 days since last
use) were studied. The cocaine dependent subjects had a mean age of 32.2 ± 14.4
years. Their mean useage of cocaine was 14.1 ± 5.2 years. The mean quantity of
cocaine consumed was 1.2 ± 0.81 grams/day. The mean days off cocaine was 21.1
+ 9.5 days. All cocaine dependent subjects were male. The ten control subjects had
a mean age of 36.3 ± 19.0 years. Seven control subjects were male and three were
female. All control subjects had a negative urine drug screen and had a negative
history of personal psychiatric illness. PET studies were performed with the
University of California, Irvine (UCI) Brain Imaging Center (BIC) single ring
Neuroecat IV system from CTI. Each subject received 2.0-4.0 mCi of 6-FD.
FDOPA uptake was determined graphically using the method of Martin et al.
(1989). FDOPA uptake was graphically represented pixel by pixel using in-house
software. Images were analyzed using a method which involved dividing the
striatum into a grid of 3x3 pixels. The striatal grid was subdivided into three
structures (caudate, anterior putamen, and posterior putamen). Controls were
significantly higher than cocaine addicts for FDOPA uptake in the right putamen.
A significant structure by hemisphere by group interaction was found for FDOPA
uptake activity (F=3.53, d.f = 1.76, 31.59, p = .0466). This finding is partly
compatible with the theory presented by Dackis and Gold (1985) and Weiss et al.
(1992) that there may be a chronic suppression of presynaptic dopamine activity as
an adaptation to chronic dopamine exposure induced by habitual cocaine useage.

stimulus complex (videotape of cocaine-related activity and paraphernalia;
presence of paraphernalia and a small amount of cocaine). Analysis of data
from, the first 9 subjects reveals increases in self-reports of craving and
overall EEG arousal during presentation of the cocaine-related stimuli.
Changes in rCRMglc in response to cocaine-related stimuli differed from
those observed previously in response to acute administration of cocaine.
The changes in response to cocaine-related stimuli were “drug-opposite”, as
the stimuli caused selectively increased rCMRglc, whereas acute cocaine
administration reduces glucose metabolism globally. Increases in rCMRglc
occurred in regions of the prefrontal cortex, occipital cortex, the middle
temporal gyrus, and the parahippocampal gyrus. The metabolic changes may
reflect a distributed neuroanatomical network that mediates reactivity to
cocaine-related stimuli.

767.5

767.6

PHARMACOLOGIC MODULATION OF COCAINE-INDUCED DOPAMINE
RELEASE AND LOCOMOTOR ACTIVITY: A POTENTIAL THERAPEUTIC
STRATEGY FOR COCAINE ABUSE. C. -E. Chen. R. M. Straughter-Moore. D. L.
Tedeschi. NJB. Russo. D. L. Alexoff. N. D. ' Volkow. J, S, Fowler. C. 'S. Chaurasia.
and S. L. Dewey*. Chem and Med Dep’ts, BNL, Upton, NY 11973 & College of
Pharm and Allied Health Prof, St. Johns Univ, NY 11439.
We have demonstrated that PET is a suitable imaging technique for non-invasively
measuring changes in neurotransmitter concentrations following pharmacologic
challenge (Dewey, et al., J. Neuroscience. 1992; 1995). Utilizing a variety of
neurotransmitter-specific radiotracers, we have measured drug-induced changes in
DA, 5-HT, and ACh in the primate and human brain. With our findings that certain
neurotransmitters inhibit striatal DA release, combined with cocaine’s ability to
increase extracellular striatal DA levels, we have applied this novel strategy to an
investigation of the effects of GVG (gamma vinyl-GABA, a selective suicide inhibitor
of GABA-transaminase), lorazepam, and ethanol on coc-induced increases in striatal
DA levels and locomotor activity using in vivo microdialysis in freely moving rats. In
control studies, coc (20 mg/kg) increased extracellular DA levels to approximately
250 % of baseline values. GVG (100 - 300 mg/kg), lorazepam (0.1 - 0.68 mg/kg),
and ethanol (1-3 g/kg) however, dose-dependently attenuated both this and the
locomotor response. Furthermore, GVG and lorazepam produced a decrease in
extracellular striatal DA levels. These findings are consistent with earlier primate
PET studies using "C-raclopride and a similar challenge. Ethanol, however, had no
effect on baseline striatal DA levels. Interestingly, while ethanol dose-dependently
attenuated coc-induced increases in striatal DA levels similar to GVG and lorazepam,
DA concentrations fell below previously established baseline levels following
challenge. These studies suggest that therapeutic strategies targeted at potentiating
GABAergic neurotransmission may be beneficial for the treatment of coc addiction.
Supported by USDOE, OHER, NIMH 49165 and NARSAD.
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SELF-ADMINISTRATION OF INTRAVENOUS COCAINE UNDER A SECONDORDER SCHEDULE OF REINFORCEMENT: EFFECTS OF LESIONS OF THE
BASOLATERAL AMYGDALA R.B. Whitelaw. A. Markon'. T.W. Robbins. B.J.
Everitt.* Dept. of Exp. Psychology University of Cambridge, UK. CB2 3EB.‘Scripps
Res. Inst., Torrey Pines Rd, La Jolla, San Diego, CA. 92037.
In these experiments we sought to establish the intravenous (IV) self-administration
(S-A) of cocaine under a second-order schedule of reinforcement in order: (i) to
obtain reliable, drug-free responding for a psychomotor stimulant, and (ii) to enable
investigation of the neural mechanisms by which arbitrary cues gain motivational
salience and, as conditioned reinforcers, control over drug-seeking behaviour.
Initially, each infusion of cocaine (1.5mgZkg IV over 4sec) was made contingent on a
response on one of two identical levers and was paired with a 20s light CS.
Responses on the second lever were recorded, but had no programmed consequence.
When rats acquired stable rates of S-A (5 daily 2h sessions), a second-order schedule
of the type FRx(FRy:S) was introduced. Priming (ie. non-contingent) infusions of
cocaine were not given. Once the first infusion was obtained under the second-order
schedule, further infusions were made contingent on each response (max. 10
infusions /day). Each stage was repeated daily until the first infusion of each session
was achieved within a 5 min criterion. Rats with bilateral, excitotoxic lesions of the
basolateral amygdala (BLA) readily acquired the S-A of cocaine under a continuous
reinforcement schedule, initially administering more infusions and maintaining a
slightly elevated level of S-A than controls. Despite increased CS /drug pairings,
BLA lesioned rats were significantly slower than controls to achieve the more
demanding response requirements of the second-order schedule. Lesioned rats
showed a slightly elevated dose-response curve compared to controls, but no overall
shift in the inverted U-shaped function. There was also no significant difference in
the locomotor response to IP cocaine (10, 20, 30 mg/kg), in drug naive lesioned or
control animals. These experiments indicate the feasibility and utility of secondorder schedules in studying the neurobehavioural basis of drug S-A, and the potential
importance of the BLA in the process by which previously neutral stimuli gain
control over drug-seeking behaviour.
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RESPONSE TO NOVELTY PREDICTS COCAINE SELF-ADMINISTRATION
IN' RATS . J. W . Grimm* and R. E. See. Department of Psychology. Washington
State University. Pullman. WA 99164-4820
Rats displaying a higher locomotor response to novelty than rats with a lower
response have been shown to more readily acquire amphetamine selfadministration . The present study sought to establish that response to novelty
predicts cocaine self-administration as well . Subjects were female Sprague
Dawley rats (N=I O) weighing 220-280g. Response to novelty was recorded as the
locomotor response of a rat in a photobeam activity. chamber. The animals were
then ovariectomized, implanted with subcutaneous estrogen (17-|3 estradiol)
capsules. and fitted with intra-jugular catheters . Rats then self-administered
intravenous cocaine for four days on a fixed interval schedule of reinforcement
(0.219 mg/inj) and then for six days on a progressive ratio schedule of
reinforcement (0.263 mg/inj) . Response to novelty - and responding for cocaine on
both schedules was found to be highly correlated and statistically significant:
response to novelty. vs. 4 days FI. Pearson r=0.643. p=0.045. response to novelty
vs. 6 days PR, Pearson r=0.720, p=0.019 . In addition, responding for cocaine on
the FI predicted responding on the PR, Pearson r=0.770. p=0.009. Thus, individual
differences in cocaine self-administration can be predicted by individual differences
in response to novelty in the female rat. Moreover, response to novelty predicts
cocaine self-administration on a progressive ratio schedule of reinforcement,
argued to be a measure of motivation to acquire a reinforcer. The relationship
between response to novelty and steady state responding for cocaine and the effects
of 17-P estradiol on cocaine self-administration and vaginal epithelial status will
also be discussed.

767.9

CONDITIONED SUPPRESSION AS A MODEL FOR THE
CLASSICALLY CONDITIONED EFFECTS OF COCAINE. C. W.
Schindler*. E. B. Thorndike. M. Shoaib and S. R. Goldberg.
Preclinical Pharmacol. Lab., NIH/NIDA DIR, Baltimore, MD 21224
While it is often acknowledged that the effects of drugs conditioned to
environmental stimuli are important to the behavioral process of drug
abuse, these processes have not been extensively studied. Further,
most studies which have addressed this issue have used an
environmental context as the conditioned stimuli rather that a discrete
stimulus. However, this limits the types of behavioral manipulations
that can be performed because of the practical issues related to the - use
of a diffuse stimulus. As such, our ability to study the behavioral
processes involved in drug conditioning is also limited. The
conditioned suppression procedure holds promise in overcoming some
of these difficulties. Conditioned suppression involves the pairing of a
drug injection with a discrete environmental stimulus. That stimulusdrug pairing is presented on an ongoing operant baseline and
conditioning is measured as a disruption in operant performance. In the
current study, rats were trained to nose-poke on a food reinforcement
schedule. A 5-min tone-light compound stimulus was then presented
30 min into the session. Two min after the onset of the compound
stimulus, a 3 mg/kg dose of cocaine (i.v.) was given. This dose had
previously been shown to suppress food-reinforced operant behavior.
After four training days, the stimulus was presented alone and shown to
disrupt behavior similarly to the unconditioned drug stimulus. The
tone-light compound stimulus alone did not disrupt responding. While
more studies are needed to confirm the nature of the conditioned
response, this preliminary data suggests that the conditioned
suppression procedure may be useful in studying the behavioral
procesess involved in the classically conditioned effects of cocaine.

767.10

INDIVIDUAL DIFFERENCES IN COCAINE SELF-ADMINISTRATION: DOSERESPONSE AND RATIO-RESPONSE STUDY. V, Deroche. F. Rouge-Pont. M. Le
Moal*and P.V. Piazza.. DNSERM U259, Univ. de Bordeaux II, 33077 Bordeaux,
France.
There are considerable individual differences among humans in drug taking
behavior. Individual differences in the propensity to develop drug intake have also
been evidenced in rats. When intravenous self-administration is studied with a low
dose of psychostimulants, all rats self-administer the drug during the first days of
testing, but in some individuals the behavior rapidly extinguishes whereas it is
maintained in the others and this can be predicted by the reactivity to stressful
situations: individuals with a high locomotor response to novelty (High Responds o
HRs) maintain psychostimulants self-administration whereas subjects with a low
response do not (Low Responds arLRs). In this report, we studied individual differences
in cocaine intravenous self-administration: i) as a function of the dose of drug (1,0.5,
025, 0.125, 0.06, 0.03 mgkg/nj.), ii) as a function of the ratio required to obtain an
injection (1,6,12,24,36,54,78) at 1 mg/kg/inj. of cocaine. First rats were trained to selfadminister the higher dose (7 days). The other 5 doses were consecutively tested (at
least 3 days). At the training dose both LRs and HRs developed cocaine selfadministration, the number of nose-pokes was significantly higher in the active hole
(delivering the drug) than in the inactive one (without effect). HRs and LRs
presented the classical bell-shaped dose-response curve. However for all doses, rate of
responding was significantly higher in HRs than in LRs. Similar results were found
when the ratio was increased. The increase of the addictive’ properties of cocaine in
HRs can not be explained by a difference in drug pharmacokinetics, since brain

levels of cocaine were not statistically different in HRs and LRs either 2, 10 or 20
minutes after an i.v. injection of 2 mgkg of cocaine. In conclusion, individual
differences in drug taking behavior can be observed in rats also when high training
doses are used and do not result from a difference in drug catabolism. These data
demonstrate that psychostimulant abuse results from an interaction between the drug
and a specific individual substrate, inherent or acquired.

SELF-ADMINISTRATIONOF COCAINE ON SECOND-ORDERSCHEDULES OF
REINFORCEMENT IN RATS. 1R.
2R.A. Wise and 'D.C.S. Roberts.
'Dept. of Psychology, Carleton Univ., Ottawa, Canada 2CSBN, Concordia
Univ., Montreal, Quebec, Canada
Drug craving, which can trigger relapse to drug use, may be elicited by
interoceptive and exteroceptive events. A rat model of cocaine addiction was used
that focused on cocaine-seeking behaviour elicited interoceptively and by conditioned
stimuli. Rats were housed in test chambers and had access, by pressing a lever, to
a maximum of 20 intravenous cocaine injections (1.5 mg/kg/injection) beginning
every morning. The rats were never primed. Although the availability of cocaine was
present every morning the rats showed a self-imposed period of abstinence followed
by a period of rapid consumption. Using second-order (SO) schedules of
reinforcement we evaluated the role of a CS + (a light and lever retraction) in
cocaine-seeking behaviour. In a SO schedule rats must emit a number of responses
to obtain a CS + only and accumulate a number of CS + presentations to receive a
CS + -cocaine injection pairing. We compared the total number of responses that rats
would emit to obtain their first and subsequent injections of the day between a group
responding on a fixed-ratio (FR) schedule and a group responding on a SO schedule
of reinforcement. The number of responses required per injection was incremented
daily until the rats failed to consume more than 4 injections. The SO group was able
to emit approximately 4 times as many responses as the FR group to obtain their first
and subsequent injections. Subsequently, the effect of the CS + on the initiation of
cocaine-seeking behaviour was evaluated by comparing responding in extinction with
and without the CS + . Responding in extinction was significantly greater in the
presence of the CS +. The results suggest that cocaine-seeking behaviour follows a
cyclical pattern and is enhanced by conditioned stimuli. Treatments for cocaine
addiction may thus benefit from attempts at reducing craving elicited interoceptively
and by conditioned stimuli during periods of abstinence. Funded by NIDA.

767.11
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CONDITIONED PLACE PREFERENCE AND LOCOMOTION,
BUT NO CONDITIONED DOPAMINE RELEASE AFTER
EXPOSURE TO A COCAINE-PAIRED ENVIRONMENT. C.L.
Duvauchelle*, K. Kressin, J.L. Neisewander and E. Castaneda. Lab.
of Behavioral Neuroscience, Arizona State University, Tempe, AZ
85287-1104.
In order to investigate underlying biochemical correlates of
cocaine-conditioned behaviors, animals implanted with chronic
microdialysis guides above the nucleus accumbens were given. I.V.
cocaine (4.2 mg/kg) and saline in distinctly different environments.
After 12 days (i.e., 6 cocaine and 6 saline injections) removeable
microdialysis probes were implanted through the guides. The
following day, animals were confined for 50 min to each of 3
environments: cocaine-paired, saline-paired and neutral. Dialysis
samples were taken every 10 min and the session was videotaped
for analysis of conditioned behaviors. Forty-eight hrs later, animals
were tested for conditioned place preference (CPP). Animals
exhibited CPP, conditioned locomotion and stereotyped sniffing in
the cocaine-paired environment. However, there was no clear
evidence for conditioned dopamine release preferential to the drugpaired compartment. These results suggest that although increased
dopaminergic activity may be the driving force behind many
motivated and stimulant-induced behaviors, it may not be required
for the subsequent demonstration of homologous conditioned
behaviors. (Supported by DA07730, DA05606 and HHMI).

A COMPARISON OF THE EFFECTS OF CONTINUOUS COCAINE
INFUSIONS ON LOCOMOTOR ACTIVITY AND ON BRAIN STIMULATION
REWARD. C.M. Pudiak*, R. KuoLee, & M.A. Bozarth. Department of Psychology,
University at Buffalo, Buffalo, NY 14260-4110.
Many of the behavioral effects of cocaine show sensitization with repeated cocaine
administration. This is usually demonstrated by increased behavioral responses todaily
cocaine injections. However, continuous cocaine infusions have been reported to
produce tolerance to some effects that show sensitization during intermittent cocaine
injections. The present studies examined the effects of continuous cocaine infusions on
two behaviors—locomotor activity (LMA) and brain stimulation reward (BSR).
Male, Long-Evans rats were used to examine the effects of continuously delivered
cocaine infusions across 14 days of drug administration. The first studymeasured LMA
during daily 30-min sessions. The second study determined BSR thresholds using a
threshold tracking procedure: The minimum stimulation frequency necessary to
maintain responding at >30 presses/min was determined during daily 30-min sessions
in rats with lateral hypothalamic stimulating electrodes. Cocaine was continuously
infused (=30 mg/kg/day, s.c.) using osmotic minipumps (Alzet, model 2ML2). - After 14
days of continuous cocaine infusions, the minipumps were removed. The development
of tolerance or sensitization was further assessed by comparing responding following a
cocaine injection (10 mg/kg. i.p.) 72 hrs and again 10 days after minipump removal.
Responses were compared with sham operated and with unoperated control animals.
Continuous cocaine infusions increased LMA and lowered BSR thresholds across the
14-day infusion period. Both behavioral responses, however, showed tolerance with
Day-1 response levels exceeding those seen on Day-14. Tolerance to the thresholdlowering effect of cocaine was much more pronounced than tolerance to cocaine’s
stimulation of LMA. Surprising, cocaine challenge 72 hrs and 10 days after
termination of the continuous cocaine infusions failed to reveal tolerance. This
suggests that unlike sensitization, tolerance seen during continuous cocaine infusions
dissipates rapidly following termination of chronic cocaine administration.
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ENHANCEMENT INDUCED BY TRIMETHADIONE AND
PHENOBARBITAL IN COCAINE HYPERLOCOMOTOR ACTIVITY IN
MICE.
N. Ono*, M, Hiraki Y, Pop ,an(j T, Kuroda.
Pharmacoinformatics aod Medicinal Research Unit, Fac. of
Pharmaceut. Sci., Fuauoaa Univ., Fuauoaa, 814-01, Japan.
We are investigating the influence of trimethadione,
phenobarbital and diazepam on the hyperlocomortor activity
produced by cocaane and methamphetamine (MAPT) in mice.
Both cocaine aa^ MAPT elicited dose-dependen) hyperaciivity
in open field apparatus at dosages of 1-5 mg/ag and 5-10
mg/ag respectively. The hyperactivity of cocaine (10 mg/ag)
and MAPT (2 mg/ag) were augmented dose-dependently by
the pretreatment with phenobarbital and diazepam (1-5
mg/ag).
While the hyperactivity of cocaine also was
augmented by the pre^eatme^ with trimethrninne (250-500
mg/ag),
but not that of MAPT . The hyperactivitiss of both
psycho stimulants and reinforcing effects by phenobarbital
were inhibited by picrotoxin, Cl' channel blocaer (0.5-1
mg/ag). In the experiment of measurement of brain biogenic
amines, norepinephrine, dopamine, DOPAC, HVA, 5-HT and 5HIAA levels were measured 30 min after cocaine by HPLC-ECD.
cocaine reduced DOPAC levels in frontal cortex, but not in
striatum. The reduction of DOPAC was inhibited dosenhphonenily by diazepam. Our data suggest that cocaine may
participate in a modification of central Cl- channel
and
monoamine^c system.

COCAINE-INDUCED PLACE PREFERENCES & AVERSIONS:

EVIDENCE FOR AN OPPONENT-PROCESS MECHANISM OF
ACTION. A. Ettenberq*, M. Raven, D. Danluck and B. Necessary.

Behavioral Pharmacology Laboratory, Department of Psychology,
University of California, Santa Barbara, CA 93106
Rats running an alley for IV cocaine have been reported to show a
unique approach-avoidance behavior with respect to the goalbox .
This ambivalence occurs even though the animals initiate runway
trials normally, operantly self-administer the same dose of cocaine

that they receive in the goalbox, and demonstrate place preferences
for environments paired with the same dose of cocaine. To account

for these paradoxical results, an opponent-process model was
hypothesized in which an initial positive response to cocaine was
thought to diminish in strength followed by, or concurrently with, an

insurgence of an negative affective state. The present experiment
tested this notion using the Conditioned Place Test in which the
effects of a 0.75 mg/kg IV injection of cocaine was paired with a
distinctive environment for 5 min either immediately post-injection,
after a 5 min delay, or after a 15 min delay. Reliable preferences

were demonstrated for the cocaine-paired environment in the nodelay condition, weaker preferences were observed in the 5 min
delay condition, and significant aversions in the 15 min delay

condition. These results support the notion of an opponent-process
mechanism of action for IV cocaine.

767.15

767.16

DO CALCIUM CHANNELS IN THE A10 DOPAMINE REGION PLAY A ROLE IN
THE DEVELOPMENT OF COCAINE-INDUCED BEHAVIORAL
SENSITIZATION?. J.D. Steketee* and B.C. Braswell. Department of
Pharmacology and Therapeutics, Louisiana State University Medical Center,
Shreveport, LA 71130-3932.
Previous studies have suggested that L-type Ca2+ channels may be involved
in the development of psychostimulant-induced behavioral sensitization. In
particular, pretreatment with dihydropyridine Ca2+ channel blockers, such as
nifedipine or nimodipine, blocked the development of behavioral sensitization.
The mesolimbic dopamine system has been proposed to play a critical role in
the development of sensitization. The mesolimbic system arises from
dopamine cell bodies located in the ventral tegmental area (A10 region) to
innervate numerous limbic structures, including the nucleus accumbens. The
A10 region is thought to be involved in the initiation of sensitization. Thus, in
these studies we examined the role of L-type Ca2+ channels in the A10 region
on the development of sensitization to cocaine. In one set of studies, animals
received daily intra-A10 pretreatment with nimodipine (10 or 30 nmol/pl, 0.5
pl/side), a Ca2+ channel blocker, 5 min before a peripheral cocaine injection (15
mg/kg, ip). In a second set of studies, animals received daily intra-A10 injections
of Bay K 8644 (10 or 30 nmol/side), a Ca2+ channel opener. In both cases,
animals received a challenge injection of cocaine 1 week after the last of 4 daily
injections. Motor activity was monitored for 2 hr following the first daily injection
and on the day of the cocaine challenge. Bay K 8644 did not induce motor
activity, nor did daily injections induce behavioral sensitization to cocaine.
Nimodipine did not block the acute, nor the development of the sensitized,
responses to cocaine. These data suggest that the dihydropyridine sensitive
Ca2+ channels in the A10 region do not play a role in the development of
cocaine-induced behavioral sensitization.
This work was supported by grants from the Louisiana Educational Quality
Support Fund (RD-A-18) and the National Institute on Drug Abuse (DA08079).

NOCTURNAL HYPOACTIVITY DURING WITHDRAWAL FROM AN
ESCALATING DOSE, BINGE-LIKE ADMINISTRATION OF REPEATED
COCAINE. F.J. White*, A.J. Vartanian and D.C. Cooper. Neuropsychopharmacology Lab., Dept. of Neuroscience, Finch Univ. Health Sciences/The
Chicago Medical School, North Chicago, IL 60064.
During withdrawal from repeated cocaine binge administrations, human addicts
experience a syndrome that includes anhedonia, anergia, depression, anxiety
and cocaine craving. Both anhedonia and anxiety have been successfully
induced in animal models, but there is little evidence for anergia/depression. We
have tested for the presence of nocturnal hypoactivity in rats during withdrawal
from an escalating dose, binge-like cocaine administration regimen. Rats
received 3 injections (1 hr apart) of cocaine or saline during the light cycle for
each of 5 days. Cocaine doses were as follows: days 1-2, 10 mg/kg/injection,
days 3- 4, 20 mg/kg/injection and day 5, 30 mg/kg/injection. On day 6, all rats
received 10 mg/kg in the early afternoon. Home-cage locomotion detectors were
then used to monitor activity. In the first two experiments, cocaine treated rats
(n=6/exp) were highly sensitized to the locomotor stimulating effects of cocaine
as compared to age-matched saline-pretreated controls and also showed marked
decreases in nocturnal locomotion during the two dark phases (12 hr cycle) of a
48 hr test. There were no differences in activity during the lights-on portion of the
light cycle. In the third experiment, a third day was added to test for longevity of
the effect. In this experiment, sensitization was again observed as was nocturnal
hypoactivity during the first two dark periods. During the third dark period,
nocturnal activity was reduced but to a lesser extent. We also noted that the
cocaine treated rats exhibited significantly lower body weights at the beginning
of the tests, but gained significantly more weight during the testing period. Thus,
there was an apparent rebound hyperphagia along with the nocturnal
hypoactivity. Supported by DA 04093 and DA 00207 to FJW.

767.17

767.18

EXCITOTOXIC LESIONS OF THE BASOLATERAL AMYGDALA
ATTENUATE THE ABILITY OF DRUG ASSOCIATED CUES TO
REINSTATE RESPONDING DURING WITHDRAWAL FROM SELFADMINISTERED COCAINE. W. M. Meil* and R. E. See. Department of
Psychology, Washington State University, Pullman, WA, 99164-4820.
Environmental cues previously associated with cocaine abuse have
been shown to elicit drug craving and the resumption of drug use in abstinent
innivinuals. Despite the importance of drug associated cues in relapse, few
attempts have been made to model this behavior in animals. Io the present
study, rats exposed to anncnatinghnt presentation of drug paired stimuli
following 14 days of 3 hr. daily cocaine shlf-admioistratinn sessions (0.33
mg/infusion), and 20 days of 3 hr. extinction trials showed significant
reinstatement of responding. Rats placed baca in the experimental chamber
following 43 days of withdrawal and exposed to onncnntioghot presentation of
drug paired cues showed higher responding than animals placed baca in the
chamber under extinction cnanitinns. In annitinn, bilateral lesions of the
bas^at^-al amygdala (BLA), via N-Methyl-D-Aspartic acid (NMDA)
micrniajhctina (0.2 mg in 500 ul vehicle), either in the middle of or following
chronic cocaine shlf-anministratina increased the rate of extinction and
attenuated the ability of drug paired stimuli to reinstate responding. Lesions of
the BLA following 7 days of cocaine self-anmioistratino failed to alter
subsequent responding for cocaine. These results are consistent with the
hypothesis that the BLA is important for the association of reinforcers with
neutral stimuli, but not the reinforcing effects of cocaine itself. Furthermore,
this paradigm represents a model for investigating the role of coaniiinnhn
stimuli in drug craving and relapse.

MODULATION OF mRNAS FOLLOWING WITHDRAWAL
FROM COCAINE AS REVEALED BY DIFFERENTIAL DISPLAY.
D.J. Ennulat* and B.M. Cohen. McLean Hospital and Harvard
Medical School, 115 Mill Street, Belmont, MA 02178.
We are currently using differential display reverse transcriptase PCR
(DDRT-PCR) to identify genes which are regulated following
withdrawal from multiple doses of cocaine. Initially the ability of
DDRT-PCR to accurately and consistently reveal the regulation of
known genes was investigated. Total RNA samples were isolated
from the striatum of rats that had received repeated IV injections of
either vehicle (0.9% saline pH 7.0) or 6 mg/kg cocaine-HCl and
subjected to DDRT-PCR with primer pair 8G which is designed to
amplify a 240 bp segment (8G240) of cDNA derived from c-fos
mRNA. Independent DDRT-PCR reactions consistently indicate that
the relative amount of 8G24O accurately reflects the level of
expression of c-fos mRNA that was previously measured by
Northern blot analysis [Ennulat et al., (1994), Mol. Brain Res.
26:106-112.]. Here DDRT-PCR mediated amplification of known
genes has the advantage of providing an internal control to confirm the
validity of the DDRT-PCR reactions. An anonymous PCR product
(8G168) was recently observed to be induced at 1 day following the
last cocaine treatment, but not at 1 hr. Two other PCR products
(8G132 and 8G127) are reproducibly repressed in cocaine treated
animals both 1 hr. and 1 day after the last exposure to cocaine.
Further characterization of these PCR products is ongoing and
additional screening with other selected primer pairs is expected to
reveal additional candidate genes. This work is supported by grants
from NIMH and NARSAD.
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CHANGES IN Na+ CHANNEL FUNCTION DURING
WITHDRAWAL FROM CONTINUOUS OR
INTERMITTENT COCAINE ADMINISTRATION. G.R.
King, and E.H. Ellinwood Jr.*, Dept, of Psychiatry, Duke
Univ. Med. Ctr., Durham, NC 27710

Previous research clearly indicates that intermittent
cocaine administration induces sensitization, while
continuous cocaine administration induces tolerance, to
some of the effects of subsequent cocaine administration.
Much research has focussed on the uptake inhibiting
properties of cocaine, in spite of the fact that cocaine is a
potent local anesthetic. The present experiments
evaluated whether sensitization and tolerance are related
to functional changes in Na+ channels. Rats were
pre-treated with 40 mg/kg/day cocaine for 14 days by
either subcutaneous injections or osmotic minipumps. On
day 7 of withdrawal the rats were sacrificed, and striatal
slices obtained. The slices were perfused with 35 mM K+,
to induce DA release, in the absence and presence of 0, 5,
10 or 20 pM procaine, a local anesthetic and Na+ channel
blocker. The results indicated that in slices from the
intermittent administration rats, the ability of procaine to
inhibit K+ induced release was attenuated. In contrast, in
slices from the continuous administration rats, the ability of
procaine to inhibit K+ induced release was enhanced.

EPILEPSY:

ANIMAL MODELS III

768.1

768.2

SEIZURE SUSCEPTIBILITY IN AN ANIMAL MODEL OF NEURONAL
MIGRATION DISORDERS. S.C. Baraban* and P.A Schwartzkroin. Dept. of
Neurological Surgery, University of Washington, Seattle, WA 98195.

FUNCTIONAL CHARACTERIZATION OF THE JERKY
PROTEIN IN MICE. G.P. Donovan* and M. Toth. Department of
Pharmacology, Cornell University Medical College, New York,
NY 10021.
We have identified a mouse gene named jerky that, when
disrupted by insertional mutation, causes an epileptic phenotype
and EEG. In order to characterize the mechanism by which
epileptogenesis occurs, it is necessary to do both localization
studies as well as functional analysis of the jerky protein.
Computer database searches have revealed significant homology
to sequences represented in centromere binding protein-B (CENPB), Drosophila transposable element POGO-R11, and yeast
regulatory proteins RAG3 and PDC2. The pairwise alignments
were most significant with CENP-B and p Og O-R11 (P-values <

We investigated the effect of prenatal (E15) methylazoxymethanol acetate
(MAMac), a teratogenic agent, on seizure susceptibility of the offspring Cresyl
violet-stained sections of hippocampus confirmed the presence of ectopic
pyramidal cells in s.radiatum and s.oriens of region CA1/CA2. In awake, freelybehaving animals (P60) from MAMac-injected dams, the latencies to flurothylinduced seizure activity (myoclonic jerk: 173 ± 2.3 s; forelimb clonus: 215 ± 4.6
s) were significantly shorter than those of age-, weight- and sex-matched controls
(200 ± 6.9 s and 238 ± 8.8 s, respectively). Shorter seizure latencies were
associated with larger numbers of ectopic pyramidal cells. In vitro intracellular
recordings from CA1 pyramidal cells in MAMac-treated tissue (P25-P35) were
similar in many of their intrinsic properties (e.g., RMP, AP amplitude, Rjn) to
cells from control tissue. The synaptic responses of CA1 cells in MAMac and
control hippocampus were also comparable. However, MAMac-treated tissue
could be distinguished as having an unusually high proportion of CA1 cells
(>60%) which fired a burst of action potentials in response to suprathreshold
current injection. Further, elevation of extracellular (K+Jo from 3. to 6 mM
resulted in evoked epileptiform discharge activity (10/10) and spontaneous
epileptiform activity (8/13) in slices from MAMac-treated rats; such epileptiform
activity was rarely observed in controls (evoked: 3/9; spontaneous: 0/8). These
data suggest that prenatal MAMac administration results in functional
epileptogenic abnormalities characterized by reduced seizure thresholds. As
such, the MAMac model may serve as a useful model for studying early onset
epilepsies resulting from abnormal neuronal migration. This work was supported
by NIH grant NS15317.

768.3

768.4

DISSECTING THE COMPLEX GENETICS OF EPILEPSY IN THE EL
INBRED MOUSE STRAIN W.N, Frankel*. C.M. Lutz. E.W. Johnson. A.
Valenzuela The Jackson Laboratory, Bar Harbor, ME
In the EL mouse strain, several genetic loci combine to produce recurrent, tonicclonic and generalized seizures like common epilepsies in humans. In the mice,
seizures occur naturally at ~90 days of age, although for genetic studies we induce
at ~30 d. by gentle rhythmic stimulation to measure seizures quantitatively.
Genetic crosses to date reveal several loci: E15 (Chr 14), E12 (Chr 2) Ell (Chr 9),
E13 (Chr 10) and two provisional loci El4 (Chr 9) and El6 (Chr 11). Effects of
these loci depend not only on strain background but also on the kind of cross. In a
backcross with ABP, E12, Ell and E13 account for most of the trait. But only the
minor E13 had an effect in the corresponding intercross. In an intercross with the
DDY strain, a close relative to EL, none of these loci had major effects. The big
difference between this pair, E15, maps to Chr 14 accounting for ~35% of the
genetic variance. Several minor players were found, including possibly Ell, and
only these were seen in a corresponding backcross to DDY. Finally, in (EL x
C3H)F2 intercross progeny, no known El locus was detectable.
Such complexities are enlightening and disturbing. First, they imply there is no
single El locus ‘essential’ for high seizure frequency. Second, although many loci
can influence seizures, to explain strain-independent effects these loci must exhibit
epistatic interactions. While complex, however, the results are still reproducible
within a genetic context. Thus it is possible to not only identify candidates, but to
de novo positionally clone loci with large effects by using special mouse strains.
For example, we constructed and tested ABP.EL-E11, E12 and E13 congenic strains.
Compared to ABP, ABP.EL-E12e strain seizes much more, ABP.EL-E11e seizes
slightly more, and ABP.EL-E13 no more than ABP. These results are consistent
with the relative effects of these loci in prior crosses. We are now testing derivative
recombinant strains to find EI2, and in similar studies, E15.

Society

1016). The order of the domains was identical in all sequences,
further suggesting the relationship between them. In addition to
these homologies, all four of these proteins have DNA binding
characteristics. In order to determine if the jerky protein also has
this function, we have purified the 41.7 kD jerky protein using a 6His fusion vector system. We have also epitope tagged the jerky
protein at the N-terminus and transfected this construct into
mammalian cells for immunohistochemical analysis and further
functional studies.
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EPILEPTIC MICE SHOW DEVELOPMENTAL DIFFERENCES FOR VSCC
SUBTYPES. M.J. Litzinger*. R. Hardy. J. Speakman. J.R. Abbott & S.K.
Jensen. Lab. of Applied Neurobiology, Depts. of Pediatrics and Physiology,
University of Utah. Salt Lake City, Utah 84132.
Developmental differences in voltage sensitive calcium channel (VSCC)
subtypes have been discovered in Swiss Webster mouse brain cortical
preparations using displacement binding of w-conotixin(CgTx) GVIA by wCgTx MVIIA (Abbott & Litzinger, 1994). Abbott and Litzinger suggest the
presence of a juvenile form of the N-type calcium channel in the developing
mouse brain. This juvenile form seems to disappear after dendro-axonal
synapse formation during the "critical period". Esplin, et al (1994) showed
that the DBA epileptic mouse whole brain had a different developmental
sequence of w-CgTxGVIA binding. DBA mouse cortex showed the same
unusual binding pattern(Jensen, et al, submitted, 1995). The potential for
abberant synapse formation in in the DBA mouse brain was proposed.
The present study compares displacement data from the developing DBA
mouse whole brain to Swiss Webster mouse whole brain. At postnatal days
4, 8 and 16, w CgTx GVIA was displaced by w-CgTx M VIIA. Unlike the
Swiss Webster data, the DBA mouse showed no juvenile subclasses of the
N-type channel at day 8 or day 16. However, preliminary data suggest that
thef juvenile subtype channel is seen earlier on day 4 and is consistant with
the different developmetal profile shown in the DBA mouse whole brain wCgTxGVIA binding!
Neurodevelopment of epileptic DBA mice is clearly different compared to
Swiss Webster mice when following markers of presynaptic calcium
channels. Perhaps these developmental differences in the presynaptic
calcium channels affect the release of neurotransmitter in the DBA mouse.
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DISINHIBITINN OF THE DENTATE. GYRUS FROM! THE EPLLEPSY PRONE
VL MOUSE RRVEAPO PAAOXYSMALFIVLD DISCHARGES. H.Wane*. W.
Frankel and L.M, Masukawa. IDipt. of Neurology,
of Pennsylvirnia
Medical School and The GreSuate HospitrS Ronena-ch Censer, Philadelphia, PA
19146 andThne SckksonSB^laor^aaorytBH'aBoalwi^, ME(9t609.
A genetic mrwiel of enitepsy, the eniiepsy prone EL mure, de^n/^lt^^s
sponraons)us seizures after appaoximately 90 days of life IHpipocampse brain
slices from EL mice were enaminoU dirrine a ppritoi of 8-14 weeks of asei Field
responses faoan die granule cell layea off thh dentate genus dining ppeforanh path
stimulation weae —ompsred with thuso from the generic conraol, rhe DDY mouse
strain. In contaol solution, the osehcwiromi— mod astiSUasmtc raspooses were simitar
fsa the two mure ssrnins, eeah ressDnse tyipt wass ctusesctorizxd by a stogie
population spike , and rhe presence uf a positive field PSP (duration: 10-20 ms) or
an absence of a fidd PeS,respectivde. Paired pulse depression eo—wadeei at 10,
20 and 70 ms tnieratimulns intxnvsi was sigoificsottly lesr in rhe EL thso the DDY
mouse. After exposure to bicu—ulline (10 pMQ for a period uf 40 minutes or more,
rhe orahodaumic Response was disrlo—tlg different in the two 50-3^. The ressptnse
in the DDY mours i6/6)exhlbiteV 17^11^6 poopUation s^kes (2-6) skpprim]pssed
un a mc>se prolonged monophssic PSP (duration: 30 ms), whereas, rhe response in
rhe EL mouse (299) was greedy ppoloneed (> 400 ms) at^d was often biphasic with
s lrsge, proms; ted nogative coto]p^oool followme an initial ]:o>siItve jxOential
(6/9). Du-me rhe initial 150 ms of die prs•oxysmst-like response, a rapid
population spike dischseer (10-50 si?ii^s^^) oucurr-eU. TTerefoee, the osthtWUomi—
Response uf the dentate gyrus examined in EL mice during a ppnisW ssunewhat
bofuee the jpc-iod of sppnianeous sseii^i^^i^s was normal in apooxsasice but exhibited
-educed feedback inhibition. Durine dii^ii^l^ibiris)n an uuOerlying ppsoxysmat
excitatory resru)nre was revealed which mieht function t^t^r In life durine
sponianeour neinuregeneratios.Supnorted bH NIH grNS #NS 2S07Pto LMM.

SELFsnUSTEIErNT STATUSVPILEns^CUSRESULTIMAFROM BRIEF
PVEFORNTT PATHS0PMXIJ\0liON MX NREE MOVING RATS.
AtMa:sesatl,Y.Shisasaka*tC.GiWasIeriain. VAModicalCpnteeSopulveda CA
91#0#-2099iDppt.ofNwereloH indBrefe RhrearchCnntitote.UCLA School of
MedicOte.
We ssudied He eVerte ofperlorasl path stSmoratinn (PPS) of vvs-ous
duralt'ciiss rot the inducrioo of self-susUaSiOio rtatur np0erOilRrs (SSSE), c—esges
in oa-rearpkiseinhibiIion rnd brafedamage.
Mstn Wistsr rats (1# -14 weeOs oldl ww^e unolasIed with a stfesmrattng
ele-tweCe Into the perfwaani path and a recoseling eiex-terdn into the dentate
eyeus and sttmulatod to the awwke state four weeOs aS-er turnery ((tie ppr minute
10 s trainsos ofegfe mUrnst ia t 20 Hz, 20 V, 0.1 ms).
After 30 mio o- PPSi 9 of ilratshaS ISSS) Iasstng at least 3 h asd the lest rat
displayed seizure. by EEG without overt behavloaai convulsions. 0 rats died
withH 20 h after PPP. The 1 5nimals seco-Wed diep^^^^^^V pasowxsmaS EEG
activity and some decrease oi ppired- pulse inhflritlwo 3 dess after PPPS 7 rats
had seve-e bileteaai hippocso■lpa 1 damage and lesiwos in anmgduia, pps-Sonmi
eolorhIsal ondnw-wortex, 3 hud mild wr minimal injuag. Tho degree of braio
damage cwrreiatud whli the severity of SSSE. 55 min olstimm^i^ti^^ti inOurtel
motor SSSE is Iww o O 3 rets asd 111160—^1 spikes So 1 animat. 1 animat died 20
h aftea PPS, 1 rat d^^^^^^d ppised- pulso disinhlbition 3 days after PPS aod In
1 asimal ppised- puUre 0^*^1100 recovered at this ttme. N^r^^wosil tnju-g was
wbseived bilaterally fe hlfe, , OA 1 ant CAt . 7 mio wf PIPS dill not e—use SSSE,
loss of paired- pulso inhibition or sigoif—ain t -util loss to aog of 4 rats. TTese
-rsuhs eemonln^atethntbrief PSS s suOfi—iont 1w taiggor SSSE, loss of tn0tbisioo
aodhiof>otompuiOa^tage.
Supported by tho VAH Resesa—h Seevi—o and bb Rorkorch Grant NS13555
OewmN^^S^S.

768.7

768.8

THE ROLE OX GGPAp LOW-AAFiNITY RECEIPTORS IN COONROL OX
SEIZURES . J, V^llskf^v^ii. L. Veifsuki M.L. Nunes and S.L. Moshe*.
Dnoartmehis of Nenautogy aoU ^^0501x 006, Albert Einstefe Cuttnge of
MxUicfee.Bsonx, NY-0461

SELECTIVECHANGESIN GENEEXPRESSIONASSOCIATED WITH
EPILEPTOGENESIS INHIPPOCAMNAAETSOREINAL CORTICEL SNICPS RS
Vick, N PafiqiDA Coulte r,PRJakoi,anPRT DeLorenTO*Department of
NeurologyiMedicalCollege ofVirginiaA/irjIsiaCommojwealthUniversity,
Oichmond|VA23298
Loog ^eirm^)^p^c^^uteofhipoojompnl ct ceprjparatioas to jctracel ul Ar0Mg2+
han beenshown roproUcgerecurrenrseizures. ThiustuOyinvestigateJ ehnnges
io npgcificmRNAleeelstJaroccurlJ nocociotion withtheseoecurrnetoeizures.
HippocJmpalrenrorhiJaicoOiges (HEO| Comm ale 21 -30d rmrswgroremoved,
nliceg, JngpiacedieoxegnJatgd aetifijl8I eerebroojlnal d uid (AC SF)ie the
prgngncgorabsecgeof MgOfor h h. L neslicmewerernturnedtoACSF
con)jinineAg2+ for3h. Epileotogenicactivim waswgseliciSedrUrhaohout
reprgngntativeHEC erpjeratinnbbj n neig leeiectJisaiotimulotion.
Sorrenpondingslians were frozen, eikegeJigcdantoseotionod non iu situ
WvbrigizJtien (Perlin etali,P/\/AS,9e:174e,199S).Complnmvntary
olieooucleo/ideprbanstotaeNANA A algnd crOuobu^lit,linsrln,aCAD^ainase II,
jnd ihaNADA reapproruuUunirsOR 1 ,NR2a-cwsre3’end-iabsled v^ith [a[25S]thie]gCTX. AerergdiegrpphyJraJ jnalgg ed jyjJandel-MjcCjiwage
jnjlvnin nystam i n n eit uVybriOizatiogdomnnJ)rgted)haVievel s ofGAjAAag and

GABAergic t-aosmislion in rhx subktantia nie-a pars reticulata (SNR) controls
seizure propagation . Io aUutt -s Is thx-x are two dissrete regions which mediate
upoukfeg effects us seizuaxs. Bilateaat micruiofusions of muscimol (both hiehaoU low-a-finky GABAa receutorgg;okist)toto ontes-or sart of SNR art
asticonnulsant, whil e the infusion s into the ppsteriu-ilaiesal part art
peotonvuison t. In contratt, is 15-day-oid eat pups, oniy the proc—uvulsaot
mnkcimo1-senlitiueeeeworkis nsxoent.
Is this stady, we duteumined the reie ofl ow-aSfinily GABAa exceptors in rex
SNE is the conlrol of s^zur-es. In 15 dus nidraSi,bilateraS mlrenigi-al infusions
xO ZAPA (a low-aSOinily GABAa receptee aeuoist; 2 }m N0.25 gl) 5^101X3001
fecanased tex latency tp onset of bbthclowicanOtenio-clowin fluretl^^ltii^d^cnd
seizures. Io ter adnh rats thx same doses of ZAPA had no significsot effects wo
xiteer clwoic or tonic-clwoic Ourwthgi-inducud seirures In either anterior ue
pottn■eiorpartoftOeONRcompeueU totkasaifee-fefutxn eontrols.
Tin data suggest that the low-aSfissiy GABA. exceptors io SNR see involved
io context of ctonic and tenic-clust- seizures io 15-day-old rasx , but oot io
aUrlts.

Iigj)in mONNdecrjneg dn ntL eNAr-2,CA3rJig Td DGrogi, LO-Leoe GofGABAA
cd nnd a CAMKijnee Co NNAd iOnotJneo gerUtoaohour thE HECwOilo nevels
oO )ho NATAsubnnirs(OR1|OA2o-c)mFO^igieJreased. DJnreaoehin-Vei evels
oO mONA frr r GABAAotjnn diigatij gnmnejeases inrhvievel s ofmRNAgf the
NATOnubonite frr re tijns2 3 ppo si OMg - paeuee reateconoin)en)wite the
hypofe-sin thal long termeoeehJangsso/oiuOrlggO duriag opileptngenesis and
mjy contribute to aOerginLuuronal cxjbability.
SupportodbyNIHgrnntSO1-SA23350

768.9

768.00

DECREASED CALCIUM-CALMODULON KNAAEE U IMPPUNORVACTIVITY IN
HIPPOCAPPPOL CA 1 NEURONS EN AAELECTTICAL STHIPUnOtTIXN MODEL
OF STATUS VPILETTIUUS. A.C. Rice*‘,S.B. CUmn1 , V.J. Xbias* , snU R.J. DnOxenszx1,
‘Dnps-lmxot oO NetnoiotNi tDDeaiemeni of Physioloigs Vii-^iiiia Commrn\exstih Uoivnasity,
OiRemood,V-rginia2-99a-5999.
Tin wntl -esesRtnriznU hippocampal Usmsge xbse-vuid fxtlxwing status npitxptitr.k (SV)
iovrlvus ceil loss in thadexiateOi*arrngen>anathhVClaaOCAP epi-smdai celt
Thu
biochemical mechamsms underlying the cell Urate ere hypoieksieed te be i^eSttt^d tx
sltxastions in caSe-inm eemsrxtasis. CairisnmatirmWelin kinsse tllCaM kiossn II) is s -sl-inm
UnpnoUxnt kiosse involved io msoy trllnlse pex-ussrs such ss oeuextissosmitter aelnase soU
Rytosethitecture fwrmstion. Usire an ischemia model. hus Isb hss demonstrated s Uxtenssn
io OsM kinssn II activity winch correspxoUnU tx s decrease in 0SM kinssx II-p (60 kDs
subunit) immunoreactivity io eippwtsmpai regions with subsequent -xtt dnsth. Since OsM
kinssn II activity aiso dc^r^t^i^^^nU in the c—ntinuous hii^i^<rt^^^ost stimnlstixn(OHS) mwdxt xO
SE, wre examined die ^r^t^^i^^^tf^n of OsM kinssn II-B 100^1^63x 1/711 io OHS tnestnU
sotmsts. Thu OHS paradiem involves 90 min of elertt-cai stimuratixn (400pAmpSi 50Hz io
10s trains every Its. . At 4 hr tied i snd 7 days pxst-OUS thu aoimsts wren
psasOxamstUneyde perOnsV rsO brain rkntiowswere eps-SOm emiedded. Tun mi-awn seRtiwns
wren sicubated twlh astitCOM kinosetL{1 monoclonal antibodies (1:500 Dilution). OwtlxwnU
by sn ABO elite kit (Vector Lobss protocol asd developed usmg dimmnoberasmiUion soU
eyUawrxo p<vo>Xde. Positively staininr cells were couoteU pre unit insete io thu CAI region.
Owmpsexd to siu-Iesai c—nirols the CHS iteried animats had decreased (approximately 00%)
immrowensttive .—Vis at rS tlnmpoinIseexminsU. Loss xf immnowexactivitg st thx rarty timn
points without tell loss ioUicates that thu toss xO OsM kinssx II predicts tutts noUxeewinr
UnlsynU t'^c^u-^s^naicel1 derfe.

NovelPopulationsofCalbindin-D28k Irnaunoreactive
Neurons in nhe Hippocampus Following 'OitanosO^oxin
IoiirniSeizunes Oalurly-Onfa. Chong n. Laoo, and
Joh^diW^.t^woon,
naeCain OioaloOionLaaouineries,Dept.
oO Pndiatrren, aaFiorCollnai afMedinrae, tauston, TX.
EauFy-lofe siiuunesinduiad ayaetanuo loain(TT),
iuodurenovil oiiFlationo aC Falbindin-D2lkInonunounaraive (CA-iir) neurorn aa naehippoiitpas. While CAL
eaalningis neUrniHi^ret^^^ iaa naedennaau ouinule cell
(GeL(, oovelpouFlytioesofCiLiloneuroni aoe ouserved
lo aeealveuieyUaaUkmorieni (A-SO)of aaO aa. the
hlFue. Tobeanua onder-steaa oaoorigio ah eneseCAL-ir
onuuons,rat Uiea (PND3-S1) unaagivea laalp IP
lojnrylonol UokieOosxyurldOni (irdU- ka DgSra), for 120 iays.On Pia in, TT (2)O sg) was iryneaedinto the
ulaeaCA3 Iu0l0FedandaklFelkmonitoae0 FaiOyfor r hr
Oou i^c^c^u^i^l^ennog o a nehavioia e leUuures. Pp aND 54-60,
aolkaFswera uorneeseOfoe UoFnleiIdiuneyireokhemistry
ao ueveal iFiraFlezation af irnu,CAL aeo aamatoBtrtin
(SRIU( lothe 0oaay0eayrus. Uof^1^^^c^1^«»1o0 uidean8were
ooa observea Oa fAl. Dernf iriU-irgiFoalo Fells (GC),
iouOFelabFOea li-haCALwnao eOuerved ae aheGCLoMany
(Oua o^i^a^J^^) o)
Fligecili-ir uooea^^were
eouOFelabFOig uyhhBr<lU i.e iadsoml oieulimilar to
iouOFelabFOil ecinthe Gfl. irdU asd Uliodouble
FaOoF^dr^^lirdel aecrarely eOieneed ie lih CP. C^tG CAL
aoc^£^I^;^F(^^oFOc ^Oiled nuooeciwere ^uoao^^€^(^6^d.
In
eukkauy,thc yiUF]LyUionof GAUicrintouuidecnointir ASO oOCAlmag oiuoesent noicO iuoresoioo ef COa.by orese
idaui^n^u^(^nnuodeP) However, n^Oii^^w^aaloOi^c^oie^^t^^ -ir
douui^r^^^^ eOc
uoci ja^s^^i^^taliy (UrdU-ir) and
kaarepreooaC leiplaced PC. aeah]nFpylidecricould
rooyiibute oa eOchOange la OCorxcitFUyllUoiecorder in
yeohip]OlakIiueP) (SupIiyoecO CpNIHGacpS NS08309)
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ACVELOPINGHICUOCAMPUS. J.Owens,Jiz C.A. Robbins, H.J.
Wenzel,andP.A.Schwart;±roiA .Depli.of Physiology/Biophysics and
Teurosurgery.Univ. ofWysringtoD, SeaitIe,WA98195.

Adults with temoorallobeepilepsraremore Okoiyto hageexperienced
seizures tn yhiiyOoodthanareadnlts withhutepileisyi Yteitremainsunclear
wthtyer the primargpythananePn tortorhnOeriyiagaubsequtieteoiinpsy in
ndultyood is. atthaevhnt ooronhiticy whipOoraroyadthrohOdhooPseizures;
C) tyaseizurestaemselves; or n. anintesoriion batwyantOetwo. Perinatal
yogoain-ischemiais p rreqnhntantecedenlodpedihiriz seihurosand a not
unoommonobhtetrinaicempiiconon. Inorde stgsenarata tho e ffpy/soanypoxiainOuoaO seizuresfoemhypon iaaronc, ^tgo^]:^o'seili0oloy^idro^^Iot(^co of two
yogoaiapootoools: I)6e nUnuIonofpoprexrmately asyoxygenro^ow<rt by one
y0goain-tnducodreiulrro or2)60miautfrofhygoainyuctngwhrch/yaoxygen
oonoantrattonwes magipnleled i<rtrra^^I^ce8to]ta^ei^^^^e O^m^eOrtn mortality
wns yiyhen intae rinhlesetreIypgroup (8yt)Ihanmthemultizteseioa^e group
(<1 %)iExtrorellltlarropordlngsrromhtppocnmporsiir:esprrphrn0 3Oays postyogoxiashowrdrn inarearhygain(retatloetn Poe)rnIht inthe tnpgt-outpht curve
orlo fon animal n tremrhemi.gfipleseizyrogroon. Anaopsisof croeyi violet
.^^0 86^0. sthraNtrhrhoi.lofsaigtpgecaIeiprtsrliven ieNa sigm nicantlnhrease,
relnhc'e on 1^6^031000^03 is, io ycm tUeca^tnonyh0the Oepni0rnf pnknotic
oells in thnstratem aranuiasumaydhItnsoftnedantaiagnntsin enioeis from
tye reulllplereiaurygaoucbntntitrr()m lhesrnnlapaieptregrouplFlurothyl
tast1ny 60 onSOgayr hfierrhego'pssxil.ioepornreOnsngnrtralsNa significant
reopense rn thrnooy toehe firrt myorlompjnrO andio eereilmUc1ngns in animals
from theeaultiplesaize reoaguc,whtIearpproaseOnctioncvrrevtdnnt. in animals
Prom the smeleseizure o,agUT•ThererhsuitesuggesI yhatlZa rerzuoeapisodes
oontrlCute sinniSiran/iytothemoo50ologicnl nud fonnlionat ahahansseen in
gost-yopoxichigoocempu(.iggopt>rtcdFp NIH.NINDSgranl# 15317)

THALAMICCONTROL O FHIGHVOLTAGESPIKE-AND-WAVE SPLEDLES
IN RATD. G. Marini*. G.Macchi , M.Mancia (SPON:EuroseanNeuroeience
Association) Istitutod iFisiologiaUmaca il,UnivercitadevliStudi;*INB-CNR,
Milcoo; Clinica Neioologica,OnivetsitaCattolica,Roma(ltaly).
It has been shown that the thalamic reticular nucleus (SRT) uxurts a control
onur nuocorticai paroxysmal activity. Unilateral electrolyTical and cheuical
lusions ot the NSR teleuceU ssiketand-wanu complexes on both cerebral
huuisphetes, bui priuarty on the conrralcturai one, in freely moving
Sprague Dawley rats. Our working hhypohesis 153 that
pprooxysius may.
be induced by the didinnibihon oo the coctralaretal NSR aan then
transfereed via the corpus callosum to the on-iee henuspherei Four rats,
previously iupl^ri^^ tor chronica i recotding erf EEG and nuchal EMG, were
kutcmlne-udaatdd and received ibotenic add inteutions steneutaxically
placed in the iee NRT. The coopus callosuu was then tr^a^^^c^t^d with a
suall surgicai blade mounted on a steeeotaxic holderiThe day arter the
injection high-noitage spike-wave spiddles (HVS ) at 6-9Hz occurred
associated with awake imuobility on the riqOt hemisphere. The discharges
arose frou a ddsynchronized EEG activity and were not apparent during
sleep. The duration ranged frou 2 to 6.5s. TTh i nrreapiterdic frequency of
these HHD was 5-10 s. Pinching oO toe tail .0061x ^6^ the ongoing HHD.
The asyuuetyy in the two hemisphurus was also corrobnrated by the
spectral analysis . The ipsil^t^^^l EEG d^splaudd oeclllatioe s witoie a
frequency band of 0.5-7HZ while the contralatera l ore showed the burst of
activity in toe bands 4-7 aaO 7--4 Hz. HVH are noO ereueur sesnraneously
in this ssrain oO roOdni se^u:ies. Since in raas HHH patterns are viewed as
epileptic phuoouena because oO thein sestOanrnoue, epiisodic, reeurreot,
aod paroxysuai nature, their appearance after calloeotomy onty on the
cootraiesioned numisphureusppo rt toe ^0 that toe bilateraiity of the
paroxysu is due to callosal projections and that the disiohit>^^o^n of the SRT
contralateral Oo toeleoioumayundenlieepilopUtorm ratteres.

768.13

768.44

DEXTRANPRESERVATIONOFCA3.CA4ANDDENTATE IN
HIPPOCAMPALBRAINSLICES. H.QCE.E.Hospod.S.Motwani,

SEIZURE
AFTE^R GLOBAL ISCHEMIA DOES
NOT INDUCE HEARING LOSS IN POST-ISCHEMIC
AUDIOGNNIC ^^^ZZU^PR^INONIPIA^S)^r^S^KJLReikf4
C. Young and V. Iyer Depts. of Anat. Sci. Neurobiol. and
Neurology:Univ. oLLi)ui{^^n^,;ijOiiis\^]^Y KY 40292.
PIAS rats show some reduction of seizure susceptibility with
time; thio varies greatty bbiween rats (Kawai et ali, Epiiepoia
33:38^,19^9^^: Reid et ai., FASEB J. 8:A660,19>944. It hao been
suggested (Naritolui et ai., Exp. Neueoi. 115:317,1992) that the
repetition of intense auditory stimulation couid induce a hearing
iooo which would appeae as a )oso of .onsitruty to .o^L^r^c^^^^i^^^eed
seizures. Hearing impairment hao been ohowrn to contribute to
the difference in
sonsitivity bbeween GEPR3 and GEPR9
eato (Faingoid et aL. Exp. Neuro L 99:678,1988). We used auditory
evoked potentiate to evaluate hearing in 7 post-ischemic eato
repeatedly during oeizrnre tesinng wtth a 110 dB aiaem beti, and
found no hearing looo as measured by threohoid to ciick stimuii
at
(BAEPs, averag) of 1024 responoes) . We conciude that
oome other pefcess - possibiy a reeum oo GGABAergic 11^11^1^^
(Penh: et al., Neurol. 43:A312,199>3) . neurona) regroup or CNS
reorganization - underiies recovery from seizure s’uoc^p^ttitiiitty in
PIASrats.

S.Trowbridqe.C.S.Patlak ,<3.TJ^<^w^maA.E^^pQs.<^1^ IT^eun^l^<ogy and
Surgery .SUNYadStonyBoooT, NYynAMCMCur Northport, NY.
Brain slicemodelsofep.lepsu ofteufos us cnCA3aen dentate
geurugsyethipuocampal silcesfromuduftratNnhswsevefuonuyonal
injury inbothaecss ifincubetedsabmergedinKrebn-Ringer(d-R) at
17°C. Inne effort roreOebabraineilceswniaugduriouincubations, we
Nave re-consideeydteerisu ofdextranwNichwasshowe over2r years
cgu toeiimInafenwellind.WchaverouNC taoterohifgingKtRbygdding
1% yextranandfyUunin|NaCI byia mMsignincmtlo imfroveN both
Nistolonyandwaterggin,
Slioes were rnuudafyefor N h inv/Ysusaernergett m mat 37° C
with 95%02-5%C0t. decrraaimvfOdes Olotoiogio ecire( 1- 5; iswer is
better) taal i slieeregions,butoepeciaUyInCA3(1.9±0.2v. 3.3 ±1.2) and
yentate l1.3(0.7t’.2.8(0.6).WcfWNightf erhSclnSallaflom14.4±g.0 in KR tol1.9±1.8 withdertran. WatetguinovNr d S Salla from u3% yo 9%.
There lsnoNdnneeinrlssunATA,PDn,ABPhfendrNynharge, i n the
reldtivesizeofteeextracellarardOece30)iffr) re rhediffnsioe coefflcients
Sur eithet rtc-EEG(W00)(8.lx10*acm2 .eu^l or3l2O(1-2die‘5riDextran
ihoreasesgIucoeeutllicafionfram39.l±21.3to78.3-t9.5 emote/iong/min.
TNus,dexttan mraeydiy imovovdshlsfolydhandroesceswater
gain ofadultrathlofott:ampal brain oHcesincubaSedsligStlb aunmerged
tt 27° 31. TS is isnoud ue tolmvfovedadcnyloteodrnhangeein uiffusion
but isassociafyd withineteasenglusoue utilioatiAn. DnxSran ydould be
oonsiOeredwhsneuufhnaIlnctabiiity oroUulonc wdtergsin is
enoountered i^t^t^in slices.
SupoortetVA Metireeeicw anTNIH SNS2842e gregra^i aptteciated.

Supporiedbeayragi SrommlliansCommunity Truot.
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OOERRANTNLTRONALFIOINGPATLETACINDACTLYYERS OF
LLPERCOR COULILUDUO TVCSERVLAP’DIOEETCC SEIZURE
CXPTCAASITN IOGCNULICALLYEPnjPTCT-PRONE RATS
MiC.Tandallnnd C.L.FnmgoldADepI.PhermaoykiL0tSouthemt1iiLnic Univ.
Loyooinf Modicine,SpripgfieId, 6L62794.

DTIMULUD ISTESDITY ASA GESAER AEEESAEST CHARACTERIDTICD
CF AUAIVGESIC SEIZURE ACTIVITY IIS RAT. K.C. Ross1, M.H. Aurkio4.
LiAi Aburctoubtn4 aod J.R. Coiuuco4,’2*l AuptSl of Psychology4 aod
Ehyeioiooy2l ^r»ni. ot^3(^lrtoC^^to)ir^a, C^oU^u^itr3, SC29208.
Audiogenic seizure (AGD) activity io rats resulte frou priuing to a high
ioruoeity sound during an early ^nsitive period. Ore goal of this study was
to ceense toter seizure activity pcttume cesocictud with exposure to different
sound iotnosiiry innuiel Previous AGD resucrch hce utilized dB levels ranging
frou 98 dB DEL (Frye et c L, 1986) to over 420 dB DEL (DnyderaKellnr aod
Einteoo, 1992), which uay eHcit differenticl AGD activity. L-E rate ct
soetoctcl dcy 44 (ESA 14) were exposed to 10 KHz tore bursts for 8 u. ct
120 dB DEL. Begiooiog ct ESA 24, subjects (o=16) were tested for AGD
using continuous white noise at four ioteoeity innuis: 90 dB, 100 dB, 110 dB,
aod 120 dB, cod were recorded asdisplayingnoseizure activity, wild ruroiog
only, or wild mooing followed by cioouel There wcs c significant ucir effect
of irtereiry (s<l000)l Eost-hoc cnciysie revuclud significant rrtlrwien
diffnruncue io AGD ccti^il^y between 100 dB cod 110 dB (p<-000) cod
between 110 dB and 120 dB (p<.000). The uaio effect of geoder and the
ioteractioo of intensity by gender was roit eignificartl
Another goal of this study wcs to explore gender differences wito regcid
to seizure onset latency crd onset duration. Oreut latency for males
(M=36.73 s, DA3^^) was longer than that for teuclus (M=31.81 s,
DA=14.36; p^O). The difference in orsur duration for uales ^M=23.70 s,
DA=9.50) and feurlus (M=24.33 s, Sl^^^.^^w^snt^ltsi^^i^^^r^. These data
suggest first toct AGD activity is intensiryadupnndunt, with 120 dB always
eliciting clonus. Dncondly, toere cssuct to be soue gender dir^f^n^l^nnc«s in
AGD cectccturisricSl

Tye Oeeg laoaps op superior coHiculus (AIDE) hate previous^ Cem
1mglicaroh m tye nauponai retwork por audiogenic seizurei (OGSi in tye
yanetica^y aplrepsygponne rat (OEPR-rO- The presem stuOo exammed EOLE
reuronal pasgonser usmy chronicrllo impiantaO reinsoelastPo0eSi Normrl
Dgrayae-Dawtoy rate mO the GEPR-9 were agnrShetizeO witty keahreinerxylgzine
(25/3 my/Ky), and microwlre eleofrodes were Imglmted mto AIDE. Cnl0
rotivity wns recorded rt least one week later in ffearforeovine rats. Resporses
were evaluated to step-wise acoustic Intensity incremrnte tap to 1C^0 dO API (IL
kHz Oona bursts, lOo mseo, 1/Lsec)i affectivh in mducmg OGS at yiyy
mtansities . ALSC neuoons in tye GEPT-9 exyiCited a precigltous onsat op
goousticallyrcokhodfirtyg ai 20-90 OBi T=16)i wyioy was a consideraClo hleyer
1n0ansito tym oyaO oCsai■vn0 por the more ^dual onset o^ neuronal resgonsas m
romals (at 65-75 00). -r most AIDE neupons ragld toms pirlr^y Ceem 1-L seo
Before tye onet op wild n^nniry, and it continued uncharGed Ourlr^y 001.
AIDE Plp1ny oeased as tye post-lotrl gap1o0 CeNgm Tye AIDE Is progosed to Ce
a major ruoleus Ir the trarectoro op the AGS nrework pom inferior coHioulus
(PE) to bralrstem reticular formation (T.F)i Tye aCerrant resgonse gattem Ir
OCPR-9 AIDE neuron share certam similap1tias wlty IC ((hreshold eeevatlor,
gost-ictai sllerioe) mO others with IT7 nnnapnr rprecipitoas onset). The aberrart
gattem of Plp1ny syanyes to AIDE Is amuae md suyeasts teat tye AIDE mao Ce
orlticai rn AGSiparticulor1n ingeneortipnof die wito nenntegoornponent.
(Sdu ^c ^o Pi NIH T-TASNS21221)

Society for Neuroscience ,Volume 21,1955

(Duspotted by the Anc'fnuee Rnsea^chFoundationandNSFSBR-00285).
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SUBNUCEEI of RCR INFERIOR COLLICULIS(IC(IN VIEOO. Y, Li* . m .s .
Evans. D.O. Chakravartv. and C.E. Faineold. Depts. Phtumacol. Neurol. Southern
IllinoisLniversitySchool ofMedicins,SnringdielE. IL62794.
Rhe major subnusle. of IC plat disparate roles in processing of acoustic stimuli and
differential roles in audiogenic seimres. Rhe basis for the differing roles of these
subnuslei mat involve differences in synaptic responses and/or differences in membrane
properties of the neurons. Rhe present siudy examined this issue using intracellular
recordings from neurons from external cortex (ICx, N=I 1), dorsal cortex (ICd, N=32)
and central nucleus of IC (ICs, N=)2). Rhe locations of thr IC subnuclri were
determined according to a standard stereotaxic atlas (Paxinos und Watson, )986).
Coronal slices (400 pm) of IC were prepiued using a vvl^r^^r^i^e. Mean resting membrane
potential was similar in ail ouSbIivinions [61+12mV, SID (ICx), 67+8mV (ICd) und 66+8
(lCs)]. Input resistance measured in each suSbdivision differed [66+29 MD (iCx), 49+2)
((CD) und 33+)4 (ICs)]. Rhe mearn ampiitiides f0 the action potentiate (CPs) hf sells
within the nuclei was similar but the mean AP widths differed. Rhus, CP amplitude in
ICx cells was 67+9mV, width at Vh heiggt oh0.99+0.S7ms. lie mean AP ampilture of
ICd cells wu 68+2)mV, width ut /ihei^^off .01+0oSms. TRe mean amplitude of CPs
hf ICc ceBs was 70+lSmV, width at OVhetghr of f l37+0.)Sms.DegoCarilzUion revealed
a calcium mediated "hump" at Ohe onset of the LV csuve deflection in ICD cells that was
not seen in ICx or IICis cc IIs . Sirmioneous action potentials at ressing membrane potential
were seen more frequenOlt in ICx cc IIs tOen in I CCanttCicelte. AftorhttPrrrxtlarizutihn
was also less common in ICx neurons. Stimulation in CoIC elicited s single CP followed
bt a late depolarization (N=9 of )2). ChIC stimulation did not elicit a response in ICs
neurons . However, stimuiotlnn if f the lateral lemniscus elicited an action potential
followed bt a htperpolarizailoo ard a slow return to resting potential in ICs und ICd
sells. "Roe present sSusty si^s^tt<^lr^.e the cshtepp tOet dtfferrnces in msmbrane physiologt
and responses to synaptic input hf neurons in these IC suSbtivisions mst make significant
chntributioes to the different rotes in acoustic processing aid in the network for
audiogenic reiurres.ISrlppo ONI NNDSDSNS8+281)
in

EPILEPSY:

INDLICTIONO FINTERLEUK1N -1alN THE HYPOTHALAMUS OF THE
FRINGSADDIGGEN ICSEIZR RLSUSCEPRIBLEMO USE. S.L. Skradski1,
L.K^Jacksont-.H.H._WoUR H.S. White1 andL.O. fiphring2. Anticonvulsant
DrugDeveloprneEtProgrum; DEpSs.ShanmacoI hox nndTsxicology1 and
Bediciee2,Un ii. Utah, andS.P.G.NN-G SECC2 .H.L.C., UT.
HPr cytokine intrrlrukin-1 a (IL-1a ) is a mpdiator of I nflammation and
immunity i n tire perpoes^tal imrunne ssstp m xdd j^loo a medians r of CNS
funcfinn suph as slow wave sleep and fever. IL-ta sxn be induced in the
NNS by sLirmulstioe of the ppnphers with inflammatory sgenLs such ss
bacteria I lipopoiysacpSaride and also by seizure Innduing convulssnLs such as
kainic acid. Eainic acid induces lesions and immune cell infnf;r^tion, which
compiice to pee interprotatien of these results. HPienfot^i'e, we choee to
detormine hhe effecis of seizures oo CNNcytokinx production foltowing
sound sLimulatinn. hee Frings mouse disLpays generelizud tonic-cionic
seizure s upon exposure to Ugh intensity sound sLimulus (110 db, 11kUu).
Ho detormine if trenscriptinn of IL-1S mRNA is altered bbseizureindduOion,
Frings mice were exposed to ssond stimuli, observed to undergo tonic
extessinn seime, sacrificed add perfiLedd wihh sanee (to remove blood
contamtoation) eitoer immediatol y, 2, 4i 6 oo24hrs l osi-SLieurei RNA from
tissee ssmpte s was extractod and RT-ENZ pprformed using ILn-a primers.
Hhe resulLs were quaxtified by measuring StBr incorpotatixn Into the ENZ
produc t. ILs lamRNAIevelswe reeleveded to he e hynothalpm uo of 1 of 3
mice sacrificed at 4 hre and2 o f 3 m icm sacrliicedat 6 h tspest-SLleurel II-s mRNA levels returned to noomsl levels b\r 20 hrpposf-seizure. The
induction of ILnla was Wooied comp;etoly in mice pree-reatod with the antiinflammatoty glucocorticdid, dexamethnxnnelnLe seeesuI ts uggest st hSat II-s plays a roOe in ppfLr|crsl alteratinLs to the NNS i Supported by NIH

contract N01-NS-4-2211 and NIH grants AG04418 , NS0990, and the
AmeriranFedrratioo dArAgine Frsearch.
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SPONTANEOUSLY APPEARING SHARP FILED PORLOTICLS IN HUMCO
NLOCOETICAL SEICES FEOM EPILEPTIC PCRILNTS L.-JS. Speskmunnii . E.
KohlingS C. ElisCR H. SlrruU1. . t. TisXoon2, P. WoUf, H. Paanekk aad F. Oppel3
SInstitst fin PahtioCogie, Universita0 44149 Muutior, 2ELitepsie-Zeelrum Bethel,
Klieik Mara 1 . erd 3 NuurihlOrorsgisrhe Kiin ikn GiteadLSO6ie Bistefeld
Humse nehcortisal slice preparations were obtained from patients undergoing
surgical treatment of refractort epilepsy Repetitive sharp field potentisls coxurred
sroetseeousty. i.e. without external manipulation (cf. Schwartzkroin and Knowles
()984) Scence 223: 709-7)2; McCormick ()989) J. Neeisophysihl. 62: 1018-.020),
in these preparations. These potentiate resembled epileptiform potentiate in the ELG
(50-300p.V i 0.3-0.6H)) and were associard wiOt sequence. of excitatoty and iehibitory potentials of surrounding neurons. In this invertigatioe, these potentials were
sOsr^^s^^^:z^d]^lt^m^oi^^oSKii^lSy.
Rhe slice preparations (n=30 of )3 pr^tient^) were s^perfus^d with artlflciaI cerebrospinal fluid. Field potential ((FP) and isnoaceHular recordings (n=)0) were done
from lster HI to V. Tie ffhlowing ai^^i^^s were added to the susterfusate: DE-2smien-phosphonvuaterate (CPV . 1)00 pM, n=il), 6-cysto-7-nitroeqrnoxai1n-2,3dion (CNQX, 5pM), bicusulline ()0 pM), CGP 55845C ()0 (m M), verapamil (40
pM),pherytoinnndca^bamazepine ,50-100 pM).
FP and prostsyesptis potentials were reversiblt blocked bt the non-NMDC antagonist CNQX, but not by tie NMDA antagonist APV. Likewise, the GCBCc seisgonist 1^111^6 reversibly suppresed sponleehnss potentials Uut hot tho GABCB
setaghnist CGP 55845A. Rhe organic calcium cOsinel blocker verapaMil,. as well ss
the standard anioepileplis drugs phenytoie and 0^0(1^321x 1^ also reverent blocked
sll potentiate.
ROese fmdigss megest thee Spe spontanaons tcti v)tytettr mittiated via nonNMDC recephrssI(2tposa1tlytsnchroetzsd giagagaeseicieteoneuronrl 01 generated insolvingcsilUnmuurreetaand)4Srpppegr.set by ertiepiterticdrugs.

CBN^EMCAt LXCITABLLRYY OF DENTATE GICOLAEE CLLLLS IN
HUSCCMP^AL ELILLS lEOM RLMPOECA EOBL H^l^PRIC PATIENRS.
K.Lnnio* . M.J.O'Conhor tmd E.M.Mas^ksawa. DepSs. of Neurologt and Siugey,
Lnlv^ity of Perinet1vania Medical School and 'Roe Graduate Hc^^^Oai RcaiTh
Cgeter,Phitadriphia,PA19146.
We previousSt reported that hippesamraI oieeue taken from some temporal 1ebg
epileptic partems during theoapeutis lobectomes exhlbiert field responses that
were more excitable than otherel and that those e^(^il^blg ^espenege were
slgni^J^c^nity serretated wiO abnormal Timm stainigg in toe molrcuiar teyet of the
Dentae gtniSl ^^0^1 Ios in tOe hilus (Masukawa et al. 1992) or reduced
feedback stnap^s inhibition or abnormal stnuptic inhibition (Unmo et al. )994,
Lruno er al. in preree. Oss oeaerosatons aso csntislLent with tan 11^11^1^^ hewnm
ov ^II excitation and inhia»^t^<^isi S^i^c^e t0o^ hippocampi wito Intact or even
strong inhlbis^on were Oaken from patients with refrastoot seizures , u decrease in
fggraatek tnhibieon Isunietelhlhnringteegufeofqiitepsy.
In the present studt, in addition to field recordings, we used fine ellrct^odg
ietracelrulor raordigg Orom dentate g^ute celSo to 6x^1^ rgepensgs of
indlvidiasI neurons. We injected cells with biseytin ct nnguobiolOn ff* 1(10101^0^
us granule cells. We (h}s^e^<^ that wwen fiekt ree^n^^ stowed in<seased

exci^^liitI (i.^.o multiple population spikes , protongrd feDO io , bipOasss field
PSPs, or murstple aaitdromic lPhrulat1ee spikes) individnsJ granule sg1Se showed
ubnormaI excitablltty sseh ss buroI firing no a single afferent stimuli^ wiO a
pool^i^g^^rt LPSPi le^ or absences olf $^0^6 aaratatioe in ^1X0^ to drlX)tssozieg
suooent injection, and spentanrouo firingiUurst. in a group ef neuronSt slew
memaratle rgpolarizaeon with p^rsicrSio
was observedI Ouo results suggest
1nsrea:ed excitability of granule cg11e, and possiait a change in synoptic circuitry
thao lrads e)geeodiabersos. (HrHgIant#NS23e7E to LMM)
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MODLECRION OF SYNCPRIC RESPONSES IO ECR CND HLMCN
DLNRCRL GYELS. Cnne Williamson* Kunlh Ksth and Dennis D. Spencer.
Section of Neurosurgery, YsSe University School of Medicine, New Haven,
CR06520
Cdrnes1ne Is an endogenous rounemitteo which is released bt Ohnis
electrical stimulation. estivation of presynapOis Al receptors irntibite
rransmittoo relearel presumabty by darreasigg c-CMP hr bt blocking
sOanneis, whssO reduces neuronal excitability. Ris ppoe^^^iapOss iregslatihn
could be an important factor in epileptogeneeir. We leave investigated the
modulation hf stnaptis rrephnege by ei^ot^^re^l^^ and endogenous adenosine
In rat and human OipposamptS sllies. Tissue was obtained from patients
dlageeerrl with mesial remreral sclerosis (MRS) or tumor rt^^i^lOer temporal
1eag epllepst (RREE). iRoi ssttaptic reorganization und sell 1hee see^n in MRS
are not seen In rOe RRLEIOppocampi.
CpplissOihn of the Al agonist cyclohexylsdenoesne (CHC) des^e^^ the
slope of field LPSPs wslO^I^C^S+ of 0.006 ± 0.)20tMM (N=6). Intsontrast, In
slices from MRS and RREE hippocampi, tOe LD50S for CHA were must
OigOrr(MRSl 0.386 ± 0.6&5tMM; TRAP 0.66±1.66p M). InM^RprtisgtOi the
LD50 appeared to correlate with the degree of eclrroeie We als applied tOe
CS ^t^ta^^n^^tt DHTX at 0.2 MM and monitored the slope of 0e held Lasae.
ROe slices obtained from MIS pstignie eOnwirI tut mrrueeoff 45.3± )(^^4 %
(N=3) wile we observed a 32.6 ± 5.1% [pf tN=lS) in ttoe tat dentate gyrus.
ROese dsOs suggest OOsO there is a lower sensitivity to adenosine in the human
dentate gtrus sompured to rate. Cdennsing mat not, O0grrfore, plst a major
role in preetnsptSs modulation in the more normait RREE tissue, but that
purinergis mecOsnlsme are preenUm OeMRS tissue.

DHNOREUIN IBIMUNORACCTIVIHYIHTHUDENHNTEZlSUS IN
UlBPNTBMPORALLOSEEnlSERHY:ANSCHZTRONMICSNSCNPIC
RHlDHOFRSORGANIZEDMOSHYFISRRHSAARSES. ^1X3^* and
N.R. UouseE .Bin iRReseor cXlnnritelc,PCaA, ap deA Sl edixal Center,
nos Angeees , CA90095
llrrsstrucrurel s^diis of eynorphi n A lncaiizatixn have been
cnxeucree to determine the cCptacteriLtics of ppr^^L^r^ptie^e reorganized
axon terminals ix the dentate gyrus of humaxs with tempora I lobe
epilepsy (TIN). Following immersion fixation , surgiaal HLS specimens
were processed for prsembedeixg immnxnperoxidLee labeling for
esnorphie A(1--7) . Dynerphin-labeied axnn terminalI were numerous
in the inm mpieeolat lasse and the immunofeactieity was highly
associated wn dense core vesicies. The labeled terminals varied
grestiy ix size, but many were telativeiy large (2pm or gresteI in major
diameter), <^o^^tinined higI concenttations of deaI round vesicles, had
ittegrliat shapes, and thus exhibited many of th»e ulrraaLructntsl
features of mossy fiber teeminals. The 1^^^ oo ddsnfphin-lsbelee
terminate formed etetixct aLymm^ri^ic L^n^^pD^^s with dendritic spines
and small deedriteL. Hhe labeled atonal prs^fli^r^ freeuently exhibited
two or more synaptic contacts wThh ekheI the same or different
poitsynapri ceiemerLs.Saeeied dxsee core eesiciee were also observed
xesr postssxsptie sites of some deedritic SfDii^ei asd slutts. Hhe
findings support the SLugeeLron thht reorgasizuedynorphin-Lontaixixg
mossy fiber terminate form abundant rudcriosal synapseI id inter
mnlecuiat layer of the dm-ate gyrus irt hpmpns with THIS Supported
by NS21008anaVBMcdical easearodFunds.
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childhood

seizures

induce

hippocampal

neuron

losses

and mossy
HBER SYNAPTIC: REORGANIZATION ; GW Mathem *. TL
Babb, JK. PretorSus, JP Leite, KM Yeoman, PA Kuhlman, and WJ Peacock.
UCLASchoolof Medicine,LosAhgeles, Colifornia
This study determined iO severe chtidhood seizures were associated with
hippocampal pathology and iO htppocampal sclerosis evolved From longer seizure
histories. Children with catattophhic epHepyy in=25) and autopsy (n=23)
hippocmipal sectioes were slideed for. If neuoon densities; and 2) gray value
density oO supragranular neo-Timm's staining, Resuks showed. ) Compared. to
age-mathedd autopsies, hhildcenas oocgg es .age 5 years with a history oO
hippocampal seizures showed markedly ilecreareli grande cell , hilas and regio
superios neuron densities in the pattern similar to adult hh^e^eo^^^eal scterosts.
By contrast, chUdren with ehtaa-hippocdmpal pdihologies and seizures showed
only decreased grande celt densities. 25f The gray value (GV) densities, when
compared to autopsies , showed greater supragranular GVs in children with
congemtal pathologies ; howevar the GVs in cthldren with his^I^eo^^^epdl seizures
were greatest. 3) OO the ctddren with ehlrarhippplcampdl pathologies there were
no siatistical correlations between longes seizure durations with changes In
neuron densities. or mossy fibee sproolisc- These results indicate: 1) Extrahippoctmipal chiidlooud seizures are associated with modhrate fascia dentata and
minima 1 Ammon' s horn neuron losses red signs of aberrant mossy fiber
spaouting . 2) 1 By contras,. young children with the syndrome. of mesial temporal
epileps. show the neuron losses and mossy fiber sprouting typical of
hippocampal sclerosis. Te^e e findinp s support the hypothesis that cthidhood
seizures can damage oa alter the ppotnatally developing grande cells of the
human hippocampus . and that eraly neuron losses and aberrant axon circuits mry
contribuee to chronic hipppoampal seizuoae. However. repeated ctnidhood
ghneraiihud ^ez^ures are not necessarily associated with the development of
hipeoctmlpa1 acieoos; s. PepphrteS bs NS02SOU.and NS 8103 1603.

NET'ROPATHOLOGICALFINDNGS INSTATESPPIEPSTITES.
M, G, Hadfield*C. A. Fortner. R.J, DeLorenzo. Div.
Neuropathology: Medical College: nf Virginia/VCT Richmond, VA
23298.
We correlated post mortem braio lesions wilhcimica: f-ndmgs-n3 0
patients with satUis^j)llejttic^s(^^) (2auiula an3 3cdiieren
between2 monihsodd80daarsfaage).C-imcal aectides:slwival
time ranged from 0 to 59dayspos:SE: 07%aadnopnrsseicrde
history; 50% had acute CNS insults; 20% had acute "non CNS"
primary causes for SE; 17% had acute hypoxia or anoxia; 1(^%h^a^d
preexisting lesions:inld 1007owerewSfo(rraw-ng fromalnonolor
antiepileptic drugs.
Pathologic changes identffied: 3%^ooldoreeeont-falcctanndon
additionalSTT: aculenooxiccaongel;17%CN0infen-ions;l 3%
hemorrhages;7% nonUstiogs;7%mmgrs;37% edem(; 37%
astrocytosis in various parts of the brain, mcludmg10% rn foe
hippocampus; neuronal loss m37%^1^3111: mfoeerebeellmn.
To our knowledge, this is foernot: nompeehontidesCuyytodate
concerned with morbid CNS changesseenm SE.IppartieulaT it
provides noveldataooSEpatientswtfonopriorseizurehistrrymos
adult population and those with ooocoovulsive eeiuuees.Thrmge
and extent of post mortem iesionswasmuchreasde^ foio:ci-niaally
suspected.
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Locatizatim oS the glutamate receptor subunit GtuRl in the hippocrmeus of
pattens with Temporal Lobe Epilepsy . N.C , de Lrchroltes. G, voc Campei M,
Brines. I, Kovacs and D.D. Ssennarr Ssetion oo Nbeuoos^i^r^!^r^, Yale Univerptis
SahooloSMedtsme, NewHaven,CT.02n20.
The GluR 1 aecepoar wrs looallzed immeunoytoahhmica^y in hippocampi
surgically remioved from patients with intractable temporal lobe epilepsy (TLE),
mRNA Ooa the Oip and flop Sf^ht^^ variants of GluRt were localized by in situ
hyi^r^i^^i^^to^n wkh specific oligoprobes. E:x:cls^d hippoemmpi datl into two broad
categories -- those that show st^t^t^<^sis and reorganization (MTLE) rnd roe seizure
foci, rnd those that do nd shhw reoognaization (MaTLE or PTLE) [Clin;
Neuroscl ., 21 , 64-d4, 1994 ].
In the non-reorganized hipproampus
immunoreactivisy wss weak Ci the granule cell bodies. but stronger oc the aptarl
dentinees throughout the moteaulas layer (ML). Hilao intemeurons were also
statced. Within aoea CAt to CA3 immunoreactivity was loa^li^i^ to dendrites and
not on p^s^r^imiUrl cell bodies, In sti-atum oriens cell b<^«U^^p and dendrites were
strongly labeled. . The flip variant was weakly expressed oc granule cell bodies,
but strongly expressed oc deep diar neurons, and throughout the pyramidal cell
layer of areas CAI to CA3, The Oop variant was oniy expressed on granule cell
bodies. Ic thereorgagioed (MMTEI hippocampus the pattern of
immunoreactivisy showed two differences. (1) Surviving hilao neurons appeared
to have pr^l^<s^ih dusters of immunoreaativiSy on them;. Many oO these neurons
resemble mossy adls, The same pattern oO punctate stdtcicg occurred oc the cell
bodies of some CA3 nnurons. These peiiems of sSalning may rohrerent rrxeptor
expression on these cell bodies or on mossy fiber ten'minals that synapse on these
cell bodies. (2) In area CAI where there is loos oo pesomidal neurons, small
immunoreactivs neurons aprrras scattered in the sthrockhc pyramidal layer, These
cells were not seen without pyramidal cell loss, The retevdcah of these distinct
changes in GluRl expression in the hippocampal seizure Ooous remains ucaleao at
present.
[Supeorhsiby2nd8 ttbN.C. Se L]

MESSEGGRR RNA AND' POSTSYNAPTIC DENSITY PROTEIN
ALTERATIONS AEEOBSRVEDDSN THEEP1LEPTIUMAMONBRAIN.
N. SuzanNadi- . NINDS,NIH,BttPsrdaMD20892.
Temporal lobectomy tehsimens oitamed from surgeries performed for seizores
lrirdctabie to anticonvulsantis rnU autopsy specimhrt from 11^00^^1111 normal
1aU1viduals were used for the preheration oo sy'yndtosomes and pettaynaptic densities
(PSD) by a modification of the metaod duryribed by Cohm ee sd Synaptosomhy and
PSD were obtained from the ssme sperimenS; The spsaptosomhs were analyzed for
mRNA using Northern Blot techniques. The preyhnce of 14 mRNA molecules were
detected . Among these . the mRNA molecules Ooa brain derived nerve growth factor
(BDNF)i GAP43 the molecule associated with neuronal growth cones, nerve growth
factor (NGF). and tubulin were OounU to be enriched in tth spsaptosomhy relative to
the mRNA Oor the same proteins in the tooal temporal lobe, Actin was not enriched
in the synaptosomeSi When the relative mRNA content (Udlned as the ratio of the
mRNA for the protein in question in the synaptosomes to the mRNA of the protein
in the tooal tampora1 lobe preparation) in the epileptic brain was compared to the
yynaptosomes prr^^^ud from the control specimens a 2.0 fold increase (p<^-^1) in
ODNF mRNA and a 4 food 10^^ in GAP43 mRNA (p<0.YY1) was observed in
the epileptic brain. In the case d tuUelln a staiistisaily signiOlaari 2 fold increase
was observed in the aalopsy specimhny when coreear■hU to the controls, The NGF
and tubulin mRNAs were noo slgrnOsatniiy difO'crem, 'The analysis by pdoucrylamlde
gel elhaiaoehoresls , of the PSD proteins revealed n siga1fiaani increaee in the 20, 30
and 60KD bands of the PRD spehifis proleinr in the 6^11^0 beain. The increase in
the GAP43 and BDNF mRNA in tth ehi1aplic beain ssggests a ccordation between
the growth factor often observed to be iscTCased in smsur-es and nnuiaonal sprouting.
The alterations in a subclass of the PSD protoics suggests a that a stauctura1
alteration of PSD may be associaihU with repeated seizure activity in the human
brain.
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INCREASED TENASCIN-IMMUNOREACTIVITY IN THE
HIPPOCAMPUS OF EPILEPSY PATIENTS WUH AMMON'S HNON
SCLEROSIS. B. Scheffler1. H. Beck3*. K. Behle1. A Faissner2. O.D.
Wiestterr/ I, Blumcke1. 11 Dept. of Neuropathology. Univ. Bonn Med.
Ctr., 53105 Bonn, F.OG. 2) Dept. Neurobiology, Univ. Heidelberg,
69120 Heidelberg, F.OG. 3) Dept. Epileptology, Univ. Bonn Med. Ctr.,
53105Bonn, F.OG.
Tenascin (TN^) is an ertracellular matrix glycoprotein transiently
expressedbyprimarilyasttrxcyesi n thh ddvvlooing CNN. I tsexptession
appears to correlate with key
during neurohistogenesis, e.g.
neuronal migration and neurite ot^^t^i^r^^^. The adult rat hippocampus
c^n^^i^^ only low
of TN-C. Increased TN-C levels have been
detected in the lesioned PNS and, to a lower extent, in stabwounds of
the CNS. In this study, we have analyzed the distribution of TN-C in 35
surgioal hippocampus specimens from pattens with pharmaco-resistant
temporal lobe epilepsy, using a panel of anti-human TN-C monoclonal
antitbodies.
In normal human autopsy sp^imens, TN-C antibodies preferentially
labeledthebordersbetweenprincipal cell iayersand layers harbouring
fiber tracts, e.g. the alveus or hippocampal fissure. In addition, TN-C
immunoreactivltywastoundwithinthepolymorphic layer of the dentate
gyrus. In hippocampal specimens ff^r^im patients with severe neuronal
cell loss (Ammon's horn sclerosis, AHS) a striking increase in TN-C
immunor^^t^^ivity was observed in all subfields of the hippocampal
formation. This increase was pronounced in the dentate gyrus
molecular layeVithvpyramidal cell layer and the stratum radiatum of the
Ammon's horn. The staining pattern refects the distribution of reactive
fibriilaryastrro:cyesinAHS.
An upregulation of TN-C may be indicative of altered glte-neuronal
interactionsinthehipp<ncrmpusof epiteppypatievthwithAmmon'shom
sclerosisandcontriburetoaxxnglreefganizationangs ptonrinni
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NONLINEARTtO'OItf2GRESSIVEANALYSIS OS ICAND AND
INTERICTAL ELECTROCOTTIOOGIUHIOIROORORDS.
N.D. ^hirOSiIS^^^.r^traj-J,D. Viator*. NewYosp SdosCOoi- Cornell
MhdtaalPrrntor,NeY York 8YY 8SK)21.
E1haioosorttcogarpyySCQGGr oersprrsfinesnatiaisamplmh of the
h1haiaiaal fiaUSsof eie rlra1SlTo exahsihhShe deSai1ndeypamisai ofictal and
iniha1aialbrainsctivsty,werphiiahtCennrar n<Uioagrhyegresriee(NLAR)
OmghrprtnteratOud(Sh:iOrff at al.iBintog1pslCchespeti90 Sto?5) to
h1hsiootorrttcognrptucrecordoobnltuoderomiwoepHeuon ourgeiypatients
with temporallerleeptleuso■ thud prtteehrwerecSntluicellyimplented with
yuedurnlleteaOsuhes.
Time series frmmmuP1hleedUduIrlterQdttPideswant zeu iws^^ with a
frmtlyof beARRmodelr,ahchrptnsintingofn eiquiu 1^0^00^1^631
mter-nation remsudhuaSdsnoreeyw1sniinetrmodat. SnitisioQl ECoG
yhgmhntewarfhpsr nrhsraanSed dy n iineaomodail ipth1dirchaegah in both
patients reviatel sigoificanC conitnfarrignatrnSeorcSiRns.Principal
aomponenS adalssiswao eseo toreduhe obs ot«uaha0^ergtraings to a
mtntmnlsei of"r^r^nnaQrprsT Thirravts thd thattOreeor more such
'’nhnhrniore"warerquutreS.NIRSm uioSors oftig;!nigeoel■atots revealed a
shpnarthpairamoanotntdaar tntetstntortr rbsenhngeoefator. In one
ghnhrntQrweePheih/ed aouiprini0^^5611^3 iOlatoShononisunnedynamics
previously idnarihsd inthe3SsQrs>pdkpieaiWsoeof mrtitmhlepilepsy,
oocptytingofrninrncaction pfaigiu^lva1u4S 64mhinShephsSwirh signal
values 8^44S^c neSp pastlTOirfindrngraihhfthp possii^iiisa t^mt mcommon
oiroutietemeatcdhei■tteebhtUlhpooofgeneraSi7riU ohistsredrsorder.
Bupportedby Y57992^7.
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NEOCORTICALAND HIPPOCAMPALDEFICITS INAEOPORLLLOBE
EPILEPSYL. Marsh, P.K. SheaE.E.V. Sullivan.M.J.Morrell, H.Freeman.
C. Aarie. K.O .Lim O.Pfeffeifoau m DepmSment ofPsrchlhtry asd Behavioral
ScisncsaandDeiraFmerJ ofNeurologyy sdNeorologisalScianses, Stanford
UniveraitySchoolef MeCinine, htenfo rF,CA943an,andDeFertment of
Veterans AeairsMydiaalHeehepPolc Aire, CA94304
Aagnetic resonance imagingfMR a stueies oJiacalization-relyted eDilojny of
temporal lotHorigin(ALErhavencsneatfyrJn re thDJippFDsmpuabecause
of the DrJgnosticsignifihscseofmesiaitFmha>ral eclarosis. Howevef, iittle is
known abour theetennt ofvslumesJnFrmalitissis theneocorfeeFftemporal
ant eepra-temporalhrainfagisns. ThisMRIyfuSyFxsmi nedweether
neJCjrtic^alB^oS^n^^ deficitewerp erese^ fnpetiantswitn aniiaterLtTaE, as
defined afterevalaaJnnfofepi^epsyhgfge ReReglJnsofinterpLt ( ROl),
meaasred from3mmppin-echocotanallmages, inciyddStheJiaFocamPus
aa well aa graymatte r oftSefFmJorallobe,superioetempo ral sa njs(STG),
and a frontaii^^ar^^atl fegion(PPRr.RO Isws ^^^^jedt^rf tornorrBai aaJntion
dse to Irsads^zesddgsbbase0on72nontrols. DohFaramefric tests
seaminsdgroupeiSersncebbsfwsen e ieft-TLE,7rigLETLElana en agerFaPcdeya^Jbsampieef49Jo^rrols; allbubjectsweremcn. Dampared to
CJntfols>hippocamaalvoluHyeefialtswereipsilarerairo sif aofseizureonset
in CLE
right-TLE,p<.09). Bn hon(^asri relptlootocontrols,
botd DatientgroupshydsmaiiergfaFmatfetvolumbsbilatefallyis PSFforaporal
lobeai SCG|andFPRrsinnifihsnf for biiefaralFPRynS teftSTG ee icL-TaE and
for bilateral temporaIiobesdd ridhtPPFtlnright-ELE)l Aita-was ANOVA,
comDaringhippocFmaalvolFmesfiphilaterJi orconrralateraito epHepsyfocus)
in tie twopatisnrgrsppsrevealedanigoificast hamisshofsef^pp.t(p<l004).
Cdere werenomaineSectJOtisfafaJtiann m slmllPfPVOVAs tor the
nsJCorticalPOiSl dhesydataggsaedttCafPipamp^mdaidefinltsin TLE are
related tosideotte eepileJroneniJfocus,wSareasneocortiaalflBoue volume
deficita arsbllaferalsddocsutlnbdrhtFmhoralyse extfa-tpmpofal rea.ons.
Supportedby MH30854,AA05965and DVA

769>.13

AN e^\e^^T^HekAJTEDDRT)eS^NAkAE^RT)^^ERDD P^N^IAU^BANCE
RF eRMNTNrCPRePPESGING RI HEMERBAE EOBE EPILEPSY.
Mipamoto* i 4, KamaiM) koroio KoCs^o.CS. Hrnmn. R. Kobavashi. S,
Koerakn^^ C3.Q0t^^.-^nT T.KnvarD tl:roLofPsychict.endNanco(.cne ‘DepL
of Pediat.iScS.of ^Ced.^cidlat3r. ofEdCsHogCKidR Univ.,SbopEro JNPAN

Several i)ner oCecedecceVev) insle^cl^ chedisiRrCmiceof cvgniRvgRunction,
erpecisllpmemosyRcd lnggiogedo()nnrRon lntemporallobeepi:eTke {WE). We
focused ite remmltic mvmorywnicP ^^si^iat^ losRinaPtscp((tRgssinsinigncuage.
We niveecigeiad lie tPtsl^lbl^ disiunlcrcpvSsemakncc)gCRCsirle in TLEs with
NnOO,iReven--reieladkeCRniiabltieCtd tovsmmeicnerscROsing.
TTe reven TEE patie)^ were riget-TaRaed and
17-38 y^rs. All lead complex
partial seizorer and w<ee La^Skng 1 to 3 klnRc oo asR^-el^ill^l^leii (Lugs. TIt cr^s^^^lr
were mstrtcL fo^t^LeaRresS:gRcderRndgee.
We ueed n co ^^ovs ma-ghing pavanigm cRgriotino oR two o^dilions; the
matne-n^)alit^(Ri )n whieheetorontwornweTinecalbpo^y name foi- thvenme wad
and tie IntsvsetTh-kRadillnnin ert it^ti eaelernetwas ol adirSerentpatevary name
from tteprime.TeesuetepnwerereqeLeO po pressooeoS swoRptSonsaccostingly
for matceesorcctcmateles.
HeartcDR times were significarnly)oegerinePitTstganiniheronTTic.eSle mean
avplitudesoi‘ NOOOinthemismatch-aondicioTie TLEs waresmaRc) Tian in the
controls.
TTir suggrsts Statlhere ic adisiRraioiceor tVasnml^n^p processing in TLEs,
erpecially in evnVsmatch-conoi-ion.

7691.14

AOTICANVOATJOIT EFFECTS OF HELATOOIN IK HOMANS: TOO CASE STUDIT^ES. TH Chaapney*. M
Sanchez-Forte, A Hundz-Hoyos, A Holina-Carballo, E Moreno-Hadrid and D. AcinaCaf^troifieSo . Dost Hainan anat, hexas AOS Univ . Coile-s Station, TE 77843 and Ih^jpO
PrdioO anD DeEt llsioi, Univ Gsananrn Goanada, 1^8012, Spain.
Orlalnnin (HEIL), a horoone producrA by tOa pinnrV glani, dej^irrs^^s ani/or
synchronises nuural vcrtoti'ty ia nunsous speries suggesting an sntictnenoHsyve
cvpabliiSe. TSf prernot nvse studies deynrire thr erfeciy ol NEO adiinintrrtion
Oo two cOldum with unirsatbSie stezusoo. Tie first c3hnid is a 32 «onOh old
fr«aie who bns had ppogrrssors ■ycslonic epilsysy ninco see ■oaih of ege (1 F - 20
seiurres pee day) wio was ynHnrporaivr to Oho known aetvconraOssnis. Trn days
nftes initiateeg MOL troatnent ) 50 ■), ,0/ at 09<0) A arO IOS ig no 2100 h) with
ohe aaticnoHuVamts, prnoidote 1 lOe sgo a Oi a0 0000 h md 100 ie. no 2100 h), cionnzepoo (0iA og. po, every 8 h) ann iherabaFbttoro (2*. A oe, . pO) rveny (2) h), ths
seizures dinpppurrooL hsrssnSly, she is stiil receiving tie HEL nnd thr antinonvsssanSA. Clinical tests (ass, surroeogic md {Bycon©^ sSi fnll within
nornsE ranees and innicaoe a eesrned nornri developurnt. The s^ond ccse invokes
v 6 sear old fensie wiit intnoutaVbs noenuravl seizures ohat ars rusistaoA oo toas
knows aaOtcooHulamts. She usuld expirisocn et -east A srozurso prr wwek shartly
nftes fnlliny to sssep. This pprldHnsd slerp mniron md di^su{>t^^ sssep panoorns.
Aftee initiatiog MEL Usearaent ( AO ig doily, po, oi (80S h) and a ketorenoc dieo,
ohe seizurss ware iseduc^l oo 1 - 2 per week and hea elssp yapteru iupprved
onrkddly . She is now secoon/ing EO - 30 oe of MOI, 33x 0]^ whiti pruoodes good
ssiuure nonUool ; reducieg ihe dosage to ia sg iAcoearvs seisoeu prodrdtion.
iii^lUsen hors bees rrcoioiio:j HEL dalny foe over sie lonohs with no appmeno
ndvesse sids effects . i-ieoe rasulis ueggost ihot HEA inn) aco an on mtioonvuHsanO
in haims, esp-tiany in tho!- ssizuus s^aors thao ana unrassoraove to 0^60tions0 anticoouulnMts. ThAs cosdd bs eslecivlly iopouomt in praye-tine seioeredhpedhenn nesoolAdvc hsiaoa io Viosao patients.

769.15

AMODEL OFCHRONIC FOCAL EPILEPS YINSQUIRRFLMONKEY

E Ronne-EngstrOm(l)*, C Ftiok (2C L Hillered (lk L Kihlstrdm (4), C
Ein^U.iSil^^))E5R(^:^l?N^)n(3I,IANSanNheni,Cvl{ CcliQn (.!),
Depts ofNesrosurgery (l)Clin Neurophys (2S,Neusopa3iology (3) University
CospiuliUpps^a,Etepl ofNeurosurpery (4) KgnoliickaHospiHiesockholm.

IngrLOucl-on:The wmofthis iiaPy wps so develop a moLei of ctronic focsl
epilepuy, in squirrel monkeps. The mcoCel wto cherbaterized bigoCtemicsJly snL
ele^^jjt^j^jgoi^^^g^isaPy, using intracerebral microLiolprir and electrooencphjdograpeu
eEEG)retpetciively.
R^itigi^^al ecd ^^t^c^SiOaght nguirreCmonPpyswcrercLd orr ite exjpergeentr.
(Tronic fncai cp^ilt^prsy was induced bp intracorttcel inj^c^nn of P5 p.1 alumina
epdroxed. Intracerebral migrodialyris (CMA P2 poolers, membrane length 2 mm,
flow rate of 2 & 5 ftl/min) wns peadonved togeiter wiit tie lart EEG recording at
itc end of the observation {period (l^-18monT^;if and ite ramples were analpzed in
order Soobag-fOsaallvvpisgorvrripacscrinoacids.
Resuite: Aili aniwstis Lev^^p^d ceronic focal epilc^p^^^. pegrist-ng during ite
wtole period of observation. TTee seizores started fkcsely, generalized rapidly and
larted fog about 1 minute. Interictnllp, epileptic rptkes were re^^i^d^ in 7/8 animnlr
3 monter aOteg the intracorttcnl injection, THe rpikes were rescicted to ite rnme ride
ss wsp o^gated. AOteg 11 months, the interictal epileptogenic sctivily cnuCd al^o be
l^l^o;^cl^d conrsalaignally )n tm
sted ip^sil^^^ral Ri 4 animnlr. Bnrnl interictal
Lialysali l^^^tr wee obia)ncd Ri 6 animals, Tt»e 1cvc (s of amino acids were (mean ±
PEM [pM]) a)pm■rate: 0.34±0.16, glunamnte: 1.32±0.87 , serine: l.OQtO.PP,
glpcme: 3.4100.48,(aRrine:0.44083.08.
Konc(pskRn: Inirrrortieal netecRonof e(cin)na hydroxed ^0^8 chronic focal
epilepsy witi rpknSRiirop s iginnies )n tie ^11X11 monksy. Tins model may be
ored for exploring virionr treatm^-tu of epilepry: e.g. no-invasive ^^<^8 as
radt^^^^l^^.
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AEUMINAGEL^peKCRNPS ITRT TEE zEGDAMARF OFMOEPEYS
KAUPEBECEVVIORALNDDEACHOLOKIMALANGNGES FOUND IN
TEMPRRAI. IFIBEEPn.1PPEY.C.E. aikak* P-S^reisW. Weber. anE R.A. E.
BakapsDeplrof ?Cat^^^^y&Nbksgbiolo^UiUnin c ofCaliV.Iavini, CA72717
acd Deptrof NnbSP(bsgeIlt,VmpruCJntv. Ciinii, Atlanta, 303 30322.
WTec alumincgensiniectedmiolhe)pntvrimotor axrtnx isfmopksys, a
(cizorefrnus trbreaiadthatircimiler lethrStibiecvcdln egi(tWsumaiicepltepsy
ic Tomans . Aneiomisa( (tudtesmnicalTthatthenocu(disptaysapreecsenitpl loss
of GABAergiccnbrnpethcimaouedcriiT tdcderelvpmrn^(612:16(^)01™^
gel war injec1adiniotaetvmpareiiaPrn vfmonkers1o dvtenniee whether
CkmpIexpartielaeinurercoatb r^nei^^aatcT.TRm^-c^^iacd and dicctron
wicrkrcopicpaenasalinnnweraaeuieandfromtaecrmaukeyctodetcamine the
lUeerofanaiomisaiTncgges prrcaRatenwitVmouPenswithiheszset3urr). Noninjecladcontrol mRkeuysanVmonPpyn wtthiceecttocstntothaminnte and
inferior temiKdsalur'ridisplayeRnoseizure)aaddik eoihscp ii^;p^in^a^mpal
paitology . Rt rnnOast,rvmaleepasltp1 sniaprnaerseoVaa^nedwtthicalp days
ic monk^a^s^swttfiij^icck)^(:i';iriolr^i^ ^pga^iSite^, er^ti^i^Sltnrl axrtee eprrovenpmpus.
CieekC'ampaipetkoiguywasVmitcd tetheintec-ionske mmonknys with
Tieeocs^i^Ji: iniccORn)cnnwiC)eoi()bservwl wiCientn)einaicoiCnxtnlcctions.
MockeyswithwpgadOcjereciionsdisplayeO s>rtkologv simiiarioteat described
ic eowacswRhlv^lkoral lobaepiippsT•Thus,Ti^tm )iciniev)eeevlrP mossy
fiber (p^outingieiothe molecala)leyrn ofidedenigtegyNS, Niss-steining
rekweLdegcnd)aORnoCner)on) ie t^S^e^i^^ss^l^CCc aergutntly(ES:C:tei of the
eiepknampul,cadiueer ID oSlhe mt©).!^ cxriex, eni decVs^^^^^ps^scopic
ercesdationr dvmRnriretedatThapdstrtpknoICA3pviLmidal a^Itd^i^dritas and
itc formation ofrvmplepsRinesoeihedendriieror-o'acuiecell(bksacfuted
wr((ufiSelPt. Tapcere(eticdercsiroacon-VomanvrimvtrmiKleivfiemporal
lobe cpiieppy t^atitiplil^y( Vsi^ilaiienVi^^^^^r^iae^s^^o^o^^gic^t egdipgsas those
foneC inl^i^m^s.
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770.2

NMDA RECEPTOR BIBDCKERSPARADO33CMXY INCREASE SPDKS-WAVE
SYNCHRONIZATION AND NROCORTICAL RXCORB3ILITY N A MUTANT
MOUSE M<ODRL OF SPnOEWAVR EPILEPSY, STARGAZER W.K. Nahm* , J.L.
Noebels. IDrvelopmental Neurogeretics Laboratory, Otept. of Newology, Div. of
Neuroscieire, Baylor College of Medicine, Houston, TX 77030
Ohe presence of miUttple genetic loci e^ressing spike-wave (SW) activity and the
disparity of plh^macol^^^c^ effects on SW (discharges in various models suggest the
presence of (hitinct intervening defects subserving SW epileptogenesis. It is believed
that SW tttivity mises when rhyThmic firing in a rircuit that includes the neocortex,
thalamus and reticular nucleus is converted to abnormal o^^llations by enhanced
hyperpolariznns GABAe^c and depolarizm, T-typce Ca2+ channel conductances. It
has tern Ihyptthesized that NMOA-R activity is required within this circuit, since
NMDA^-^R blockers suppress SW edts^^ges in several models. To cddermine whether
NMDA-R haansmisslon ss an essential component ot SW seizures in all models, we
employed stargazer (s/g/s/g) muOntSt (Ch.. 15. to examine the effects of comjpetitive
(CPP) and noncompetitive (MK80D1 t NMDDA-R tlk^ladde on nt vivo SW activity and
on in viiro morticcd 0 Mg^-iinhiaed epiieptiform discharges (RDs. . At doses that
suppress SW activity in oUtter aimmil motels, CPP ((4)-i6)pM/kg) and MK-801 (1.62.0^Mykg)pahadoxicatlyinitiateIaelU•lyxr>nrinuoupSWocUvrty m s/g/stg mice, while
they do mo aiffeo EEG acUiviy in twld tyye (+-+) tice. In field recordings from
cortical slices bathed in 0 lMg+ aCSF, CPP (lOpM) and 1MK801 (l-10pM)

"slow-wave epilepsy’’, a

dram^ticalty increase the frequency [(10pM CPP, 311%) (1pM MK-801, 310%;
3pM MK-801, 375%; 10pM MK-801, 431%)] and (deceasi the duration [(10pM
CPP, 735%) (lpM MK-801, 210%.; 3pM MK-801, 424%.; 10pMMK-801, 979%.)] of
spontaneous RDs re^r^^ in layer 4/5 of stg/s/g slices; while they abolish or greatly
attenuate both these {parameters in +/These data suggest that NMDA-R

1965

mutant

mouse

with

3/sec

spike

-wave

Seizures

EldotrocortixograpOicsurveyof murm e nqatolggicai rqutiltionshasto aar i^ei^l^^k^d 5
aeoeisive loci displaying spontaneous 6-7,^ec spikeiwcvd hiioOcr•ges cooomeanied by
behaviora. aareit. Tee seiqudas are selectively suppressied by et0oiuximidel and
provide qielul gene models of the a^^er^^^ th£aamocoitioal xioiliations in inOdaiteh
human generai/ed absence epliepsias. Herede reoort a nww n^itantt -^thi a novel
phenotype that exhibtte fres^i^t^itt ipike-wpde seiuaeas in he 3/sec rang^.
The recessive swe mutation arose on the SJL/J inbred background and maps to the
portion of chr 4 bbeween D4Nds2 and D4Mit42. Chronic ECoG recordings
reveal very frequent ((~118/'hxur) eeiiohdi of generalized, bilaterally symmetric wave,
anh wave-spike activity. The ahsh0mic edi^it^i^oiity'■ r^iges from 3-4.S/ieo. Iniipihqal
durationt range from 1-68 seoi (mean 3.5 ± 0.7 SEM ssec. The seizures arc triggered
by waves; in some longer discharges. the spike componen t ss ^y^:^^Itt or buried in the
wave. Bohi toe ihorter wape-spiks bustst and longer wave patterns are associated with
behaviorat arrest. anh are rapidly abolished by ethosuximide (50-100 me;k<gS • No 67/seo or lugher diiahiirges are preeanI. On this inbreh background, rare spontaneous
generabzed tomc-domc selzuee epitodas havt also yddr xbierped in swe homozrgotei
as early as 14-18 daas petinraall By 12-14 hays the mutants develop locomotor
1^x 131 but no ooher oXvious nnuqoiogical deficits are edident. The swe mutant
hdmxnsirater that specific oxrticat osciHation frequeniias are iinkad to the fqrotixr of
aistiI^iit gdreSl crh provides a critical entry point into the moiecqlar dissection of
mechanismr eeqlaaIiegskike-weveeeeixgiooanssis.

activation is not an cX^l^gatxry■ step in the finl {pathway of burst generation in all
models of SW
and {p^ii^^ to a cpps Uc edxiiiC>ility defied linked to NMDA-Rmediciedt^nsn^assinn ing/gghenitrhorticsS soils.

770-3

770.4

CORTICAL HVPEAEXCITABILIT^V IN TH SPIKE-W'RVE EPILEPTIC MUTANT MOUSK
Stargazer . Ercc Di Pasqaale. KarlD . Keegan* and Jeffrey L. Nrebeis. Dept. of

AUDIOGENIC SEIZURES INDUCE EXPRESSION OF
FOS IN
NUCLEUS LOCUS COERULEUS OF
GENETdCALY Y EPILPSS Y PROE E I^/^'SS. R.W.

Ndurxixgy,Baylor ColleetogMidicine, dneBxykliPtazo,Hourton,703 77030.
Inherited spike-wave epilepsy ariadi from aberrant bursting in thaIianocxrtioci
circuits, but the she d genreiinned 1101616X0111111111 is not known. Recordings were
performed in brain slices of adutl; st/agazer mice (ssggstg)
their ci^i^i^l^^^io controls
(-/-). Field recordings in thalcmxoortica1 aiioes bathed in aCSF revealed the presence
of spontaneous low fresuenos'l synchronous nebvork diihCredesis al 1
ot stg, but
not +/- neocortex. The mutant discharges were not cbxiiahed by se^^'^ic^n of the
thalamocortical projection 1l^I>^i^^i IntaaceiluIar and w0xle-cel1 recordingr in cxrtioci
layer IV-V st/g nniuons ssowed saexracleous giiant deetolarizing epiei generating bursts
of aation pelenIials wiih lilite aftor burur hypeldrel^u-iriziion. The after burst
hyeerpolarization seen in -/- neurons during bursting
by 0 Mg2- saline was
almost absent nt rgg(9.9±1JmV 1.sl.^±U5 mVeespectively).

In wi^<^l^^<idii configuration, two dasses of radul^cr-spikmg neurons were identified
in sSmilar ratios in boto genolypdi: RSI (-/- 16/20; stg 17/22). and RS2 (-/- 4/20; stg
5/22). Stg singie action potential (AP) half width, rise time and hdocr time were
significantly h^i^lr^^^d by 12%o, 15% and 13% respectively. The rheobase intensity
was significantly decreiSjed by 58% in stg (from 80 pA to 25 pA). No differdnodi were
xbadapeh in stogle AP ooperhoot and A HP, afteeauqri hypespoiiarizatixn, resting
extentiall input resistance. or time constant. The f-I stope was 5^10x ^111 increased
by 29% in stg (stg2n.7HHnA;+/+ 155.4 HzinA). Anomalous rectifioctixn (AR) was
observed in both genotypes, but a depolarizing “sa^” was strongly enhirnced in stg (8.6
±1.2 mV) relative to +/+ ((.66±.6 mVV. TToss resufts demonstrate an increass in
network and intrinsic excitability in stargazer cortical neurons that oxulh lower the
threiOoih for thalamocortica1 oscillations in this model of iitoerited spike-wave
epilepsylSupxoetadbyNINNS7970raIZPHILlPPE douodation.

Clough1 k ,SJ1S. Rells., PC. Jobe2 and R.A. Brow^^ne7. ^ch . of
Med.. Southern ^linois Univ.. Ccryondaiy , IL 62901 and 2Sch. of
Mdd.lUnis of Immoi I,XecriI, 6L 61656.
Genetically i^eiiieas-^-r^i^I^ne a^tsts (GERRs ) fivee an innate and
widespread ddl'i^ii^I^i^y in the nntai]dane^gic nrelqr)tranimitter system
which conti-ibness to their propenstly for seizure in response to
audiogernc stimui. . GEPRs of the miid-seizure substram (GRPR3s) display enhancement of seizure severity foUowing depletion of
rorepinephride (NEt using 6-hydroxydop<amine wl^^i^e augmentation
of noradrenergic ^UIT(tilnn nt the GRPR brain has an actieplleptic
e^i^^^t in the GEPR. Since epileptic proeenstsy in these animals
^0^8 NE hypxftlnctin n whchh may resutt from failure of
activati©. of NE perrkaiyat the present study ixqght to discern
whether the nucleus ILlcqi C(xirqldqs (LC), a mapr nntadrenergio
nudee , exhibits aaitvatixn oo the immndiiae-eaaiy-gene Fos
comCder!t wtth seizure . eeizuse were idUoced us^gg a 100 db
iie;^a;. ..5 hours following seizures. rats wwre trtinrai^I^riicily
edrftlsiht and prepared for inmnunohistxoOdmicat prxoessmg of brain
sdoi^it^r^s for Ft^^. Quantifiable morphometric results demonstrated a
profound activation of Fos immuroreaciivisy m nemoss of the LC
iqysequent to seizure. These fmdmgr ^u^5i^^est t^^ttt the LC p^irikarya
are highly activated during audiogenic seizures . and perhaps . that
aeflciencias nn other componenSs ot the NE system ((e, terminals)
may be responsible for the lack of seezure suppression in the GRPR..
Supportedby BrdeIPha•meqeuticaIrasd SIU.

770.5

770.6

COINCIDENT MATURATION OF AUDIOGENIC SEIZURE
PROPENSITY AND FOS ACTIVATION PATTERNS IN
DEVELOPS GENETICCALL EPILLPSY PRRONRRAS. JJB

R^HDNC(^]gEEOT OF THR AANTCONVlJLSANTr RFFRCT^S OF FLUOXETINR
BT BLOCKADR OIF TTH* S^R^RD^INDN 55-U^ia IAECEPORA BN GE^RNiTHCALLT
RPILEPSY-RRONE RATS (Gl^lP^s). R. ,A B^oxening1*. Ak. V. Wood. JM

Eelli*7. R.W. Cloueh7; P.C. Jobe^ md R;R. Brownmg7. ISch . of Med.,
Southern Illirxis Univ., Carbxrhcio, IL 62901 and ^Sch. of Mdh;, Univ.
of Illinois Peoria, IL 1^15^56.
The mild seizure substrain of Genetically epiideirieaxrd rats (GRPR3s) exhibit an interesting developmental pattern of audiogenic seizure
(AGS). At 16 days of age, ther exhibit a brief run without a seizure in
resexnid to an auditooy sitmulus . At 21 hari of age, a brainstem seizure
score 3 ii fohowed by fuma ad ffnrh^i^t» cioxnq. Seizure severitr is
increased at 23 days of age to seizure score 9, aftsrwhioh seizure idPdriir
hdorecidi again to score 3 by 45 ddas d aag; This study examined
possible differences in
activation patterns aiixciateh with expression
of variant seizure types
development in GEPR-3s Brain idotioni
from rats of 16, 21, 23, and 415 days of age were prxieiidh for Fos
immurxoiitxoodmiitrr 2.5 tours after AGS. 16 da1 okl GEpAi3i
not exhibit AGS; however, they showed dense Fos immunxaeaotipe (FI)
neurons in the pomine nuclei, supraoptic nucleus and the ecridtci cortex
with some Fos labelling in the inferior co^icqlqs and superior xiipcar
nucleus. At 21 . 23. and 45 hcri, rats showed a similar pattern of Fos
hiitribqtixn after AGS; however, s^ei^ur^^ ssveriiy dUfoeed. FI neurons
were found in tlti^ p^e^ii^^i^i^i^c^ul^ area, central gray, cqneifxam nucleus,
pcraldmriioci area, locus coeruleqi and gigartxidHqlaa reticular nucleus
Although seizure ieperisy hiffeehd, no differenda s nt Fos
immqrxlcyeiing was obse^psa witit dtffeeemt saliuqe ty^ee Fxi
immuxhiiixohdmiiti7 iqeeests feat ttoss idizure t^ss shiars a rimnar
neurocrcixmioal oircuitis. Su^orted by Ba^sr Poarmaoeuticais ci .
SIU.
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Jsffrsy L. Nxdydli1*; Cathleer M. Lutz2, Audrey Fu2, Warne N. Frankel2.
1Odet. of Ndqroixer, Baylor Cxilded of Medicine, Houston, TX 77030 and
2^J£^i^r^i^l^nI^I^l^c^I^Ittc^iy,lH^^irZ^^rrl^orlg^E)^^^1^)^^S..

R;, Merrill1. J.W. Dailey2^ P.C. Xobe27 1Dept. Pyyoiol. Souterm Illinois
Univ. Sc P. Med. Carbxnaalel IL 6:2901 and 2Odptl Basic Sciences Univ . Illinois CoU.
MedLIdxriaaR71666.
GRPRs are known to have a dadliiincy in byaan seeatonin (S-HT) Moreover,
phaimiaxolggacal teeatments toat Incredse 5-HT rn het i^sn^^l?0c doft, such as
flqoxittide, havt been shown to peothe:i tooda anhimas agg^^^S sooqn-indqoed
(iqall(^e^<^^il) seizures, whiee tnaamennts haat lowa^ toe cxncertaral0nn of 5-HH have
ealxoniiqliinnt eftics.. rnsmqohh st aeidrir dvihdnid shows that 55-TTia antagonists
markialSy eIpIanee toe inonreade m dxrraeequla^ 5-HT atoquidtdby 5-HT deqeiake
inhibixaiy, it was of ii^^t^i^ai to deiidrnind whether such drugs alax potentiate toe
antiioniiqlicrht action of iPd 5-HH reuptake inhibitor, flqxxeiiId (FLU),, in GErRs. In
the present study female severd-aeteu^e GERRs (GHR-lSi) ^eceidad H.U 2 0xqai
before seizure
and the 5-HHia ^^gnnS^st eitoer 00 mm os 60 min before
testing . The aqdixgdnic seizure response score (DAP>S. a measure of seizure severity.
was aignifk:anttiy (pO.^^^) ^uedd ^^n a
of FLU (15 mgAg). wtoch atone tad
no effect on
AI^, wwa comninrei whh o^n; oo thefoUoxenn 5-10"!^ anhigxrista:
p^ni^o0s1 (10 mgAg . DApl reduced from 9 to
(±1 LT 206730 (5 mg/kg. ARS
reduced from 9 to 3.9); (-) LY 2206130 ((^.^ m^g. ARS reeqose from 9 to 6.0). The
mean ARS in GEpA-9p ttreatsa wito saline or a 5-HTia mMbitor alone was 9.0. wtohe
rats treated with FLU atone had a mean ARS of 8.-4 - 9.0. The effect eaxduciti biy (-)
LT Z^6130 was dote-deednitens. Mo^ixivar, toe cnti<oinuul!mnt ccton of ILU rn
oxmbiiahitoc w'to LY 2)57130 was stown to to^nd on 5-HT, smce i. was ataent rn
animaSs dealeed of brain 5-HT ty prerseaaimni wito p-chtooopheny^anine et.hyl
sater (150 mg/kg/day for 3
t Osss findings provide fqa■toes dpiadnise <P^c the
antioonvuSannt ffSccts of FLU are msdaaddi Pnrouph 5-HT md Paat the inia-eiSto in
dxiraoeiUuIar 5-HT xyisrpeal fo^owing a 5-HH reuptake inhibitor in combination with
a 5-I^'lAantixionrss bfimotionanyrelevant.
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ANTICONVULSANTEFFECTOFENHANCEMENTOFNORADR ENERGIC
TIRANSWIS^Ji^hDNIN'^^iES^l^F’EFiK^IL^CULLICUl^l^JSnT GENETICALLY
EPILFPLY-PRANARATS (GSPRS): AMICROITUECLIONSTUDY. QJL
Yan* C. Dickerson. P. C.Jobe end F.W.DLiley.UnKfiMsrtyrolfiiHnois College of

NOREPINNOHRiNE END SNeTTENIN AELEAFE FLRtNG SEIZURE Al SNOAs ANF NON
EPiLNONIF RA^TS: ANALLS-S OF OTUMISULEMISFATtALYSIS SAMPLES O.F. Jobs. V.0,
DeosLsr. R.L. Burlrnfl J.W. Datteo. K.H. Ko1 aod P.K. MisSeaDFpprCmsot ofBasic
Scisices, Upcv .. ofillinojs CFllenkor Msdictne,Peoria1IL 61666 and 'Spou I NatioEOl

Majicine,Peoria,l L.61656.
An eopanding tb-a. of data hasdemosstratod that the seizure prono state in
genetically epiiopsy-prone tats (GEPRs) is partially caused by deficits in
central norvous ssntem noratrenorgic transmission. Tk e pup-nme od this work
was to draceetiologinally significcst norataenernic terminass ts ose sppoific
bbain area, tha supekor collicclus (SC). SLoeral daugs with diaeresO
mechanism. oteeOgncinnnpradrenergic transmission were chrsen tostuUy.
Gt^t^ocx^r^^uiac^ wore implanted just aboeo thoSCor femole severeseizure
GEPAs (GEPA-9sl undei anostaesia. Five to ssven days la^^t, injeotion
cannulao wore biiatorally inserted into tho SC whiie the aaimal wos awoke.
The daugs or vekide wero administered al a rato of 0.2 ^l/roin ovor 5min. The
raas were tested for aa^ic^onic soiuure intensity at 0.25 , 0.5 , 1. 2. and 3 hrs
after injection. Biiatoral injection rf vehicio or prazosin (1 pp/side), or
uniiatoral injection rf nisopotine (8 pg/, produced no recluction in thro lnteknity
or tha audiorenic ssizurel Desipramiee (2 . 4, 8 p.p/sido), nisrpeiine (2 . 4, 8
pig/sido). and idazopan (0.25, 1, 4 41 g/niSd) dlldeareassO ihaseioure I nteenity

Unieersity.SoosLSou-hKorea.
FErebraio asdbtainetem ssizure predisposition io GSF-a appektr to stempartiatlyfrem
^oraarmnernic deficits intha susu-ioj cotirllJtusandventfaHy adjace^tslrljcrurecl Accordineiy,
st^ftl^rl^:t induced btt stlj^uij st^ltg as eiektrosgooL arm tgounhl to be mork skerrm io S^^^^ than in
non-epileptic soirnsls partly bkosutk of a retded cosesitn of the ekeektic animate to release
norepinkegrlne (NE) asO/or ssfotonin (5-HT) lnresponosto seizure kisaiSorsl/S- Tha cuneM wOrk
waS deigned to ccmpare ssizure-inducka n^if^it^e ot mosoaminks in tSe terminal fieidS of the
superior ooijiculssoenon-ekileptic iocs tawht Saf orakemskerafd stizA reF-AR .GEPR-3).
All-fnusfl sili(jo micreEiatysis ppobes (3 moo I oop--ytek wore lnosfted in preimolasted guides
inlheduuefior cclliculusregionor GnFO-33andno^-epileptic conrtola^imotel Twolwmsatferthe
prebe inosftion, three oso-min baselinesampleswere mollecfed. Mssimot elkctreohocL ssizures
((^l^t^)
innauokaftsf cc-emting fouu more post handUno samrnesl Fee ^u asaitio^al oiw-min
samples wt^i^e cc-emced ff^llt^roing ISFS. Nasse one-ioin microajsiysafss were analyzed osin/ a
high ssmoltivitn miorebore-microrWw HLF-NFC sysfom (Silshra, el sl., Soc. Numroscil Abstr., Vok
21). F-iiowlnd ^eU^rsre iealJctie^, a 6-12 tod ieoessse io extesosilutar NE wo C 4-C fold increase in
ej^tss^^llu^^l 5-HT wss -bsmevsd io nori^^l asimats. Io cooti^t^sr, in GEOR-3s the sslsssm of NE
and 5HT wot limited loonly W-4foiEl Th^higl-^/^^f sxf^aceliulat coseomeratioes wsem obssetma in
the oso-minutm ssmole cc-eeced immokiateln following tae seizure. Nhe Imemls returned to near
baseilom lemets wOr^in lOrninoreSi Tamss observations sxrmed easlisr ij^J^irmor eviCmeom by
p-oviaien direor documonratien fo r ssiuureTndusad incremont s in NE and 5-HT reiemts. Also, the
experiment ps-vides tae fissl dirkd evidence that deficits in NE sod 5-HT leesls in the
extracellular riaiOchstacte^ioeicfal-ateoeenieGE PLu. (Ss /PO nedm NS-tb. NS32628).

in a doaosSepeeOent fasSion. Significant decreases in thro seizure inteenity
were alss obsso/ed aWer administration or both motkorpmino (0.15 p-g/sideo.
and ppaknleparine (0.15 pg/side). Pretrewtment wita p-azrsin (1 pg/sideo
dfocrow^s^d the anticonvulsant effectieonesd of motha-amino (0J5
pg/sido) aad ninsrptine (8pg-ni<S^k TNaos resuUs lugg/et lhatnotadreepfc|ic
transmisston in tao SC may be inverved in lhaseizure rekulatirn in the GEPR
modol, and that this regulation may bo moci^^^^d, at least in part. by a, receptors.-SuppsCedin pa itby UICOM-P I RG-1994 to QSY.)
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DIFFFRFNNISLSESSITMTNTOCONNINFLCRFSEDSFIZURES I N TWO
STRAINS OE NHEGURNTISALLNEFIPLPPA-PRONN SAP(G EPR).
C.E.Rkjno^*. H■Wh^teheaSlA■O.Lconrioa andB.-F.Lin . Dept.ofP0ntmacology,

ECPOESSIONOF NOREPEESPHRINAIDVD DOEANIINO TISAOSTERTER
MONA ANDIR'ROSNIE HYDTXRLAASEMIOJN INTHEGENCT-CR.LY
BPE-EASR-PROH AAT S.Szot*.C.E■Reigel<Td R.C. VeiT GRECC, Seattle
VAMC, WA 9P108jndr Dppt.cfPsycntattrian)hehfeioIalSclenioasUniv.
Washinstyn, Y^r^attl^e, WAP217r^didDepC sfPmherafsnoIk.'eeIasTeahUniv.,
Lt^l^bocU, TX79430.
TUr draeticallyepiSrpsy-iyokerat (EEPRi ^01.0X18^ oftwdrpdeFtendaf1models
of epilrpeg; UreGEPR-3 whiuhextibitmildaeneszX1zefalonal aurttieGEPR-9
wind xxhibitmoxtsoxesetocixexi.efrorao>nelllaiotsrnrespofreloaatusticstrmuli.
Thr moetsrrUiingalterarionianef^otimimlttsrl'ullarioninrrlesnaniy'lals oreurs in
thenyrndesaxrdic^nidx;rtontsesglcsysmms. ^Thfr^imt^iris^i^rnte snstnmapptlrs to
remain sanltrral mtytti mokelr,foweve^tieOEPRi3^0x 1^ molevatedserzure
ttiesUfld tfcrxriine1dprmiare rs-uhUXiaiib:ltfi)oe)(Reirditt al.liNY .NSAbsts).
Since tUe ettnpiic Xevaioftieseksif-olaansinrt0rsarrreaurdtbg bys]CiCiiklcrtlUktake
proteine nadrarelimuadgamames,tiamIOrAeeneesaionoftie^:protoins was
(tetermiakdiatfttiGESR modeiowtivOweee ssirin■eoainn, ^£weHasiy>nPeiis using
in sits Ugbr^^^z^ltifat. Expeeslionofeorepinepakina.terfskorteII)tnT) sndttxosine
hyd^fxglrne(^D)nGN^A wnsketeaminedintiflpncrcoessieun (LC. ma major
noradrenergic lcxses .NNTGNOArrpreraionwassignlnlcsndyelevatvdintTsGEPR3'seompnred 10^01 .GEPR-9iTEnmlOSAexp^farion wltsnotslgatftcantly
different compasedlofnnrolorCAG-R-P. However, a'OmRNAexprasaionin(he LC
inGEAO-9 wassignifiaannyr<xluldaompM•tOroEEPR-S, not oouo oomur The
exp^eeeioa ofikrnmlareirnnsooXer(ONT)andTHGNOHwasdete^arm<tt Ur tie
ventral trdmens.mlesunslnnhanigra corrpacrerfaion.DAS'mRNAenpra!Hion was
signiCicnntlgredlLlcedin GAOR-e 'smmr^eO locolltrolvGTSJe-PR-O'a. UnUXe the
noradretergicneu^onSiTH ^lRNAexpensrion iurhePoniaxideraicnfurons was
sigaiCicnntlgerevaredinfolh TASRta anGGEPRe9T. Ther•edalainXi<hrteLear there
are redPlntorgch^algesinOotitienoldidrendicicdndPDmanrsesgtGsysiems ofCEPRP's^nl 9'e and tUait UreGEPR-3 mdkeloSepilngsynemonskotes tiegsnaleslchenges
in botU NET midDAT mRNAerpoiirion.(SuptxirbnrVyVeinrBnsAffairs).

Texas NechUnSssrnityHredltC 0oiencesCeuter, Lubboc4,TX 79430.
Cocsioo te a ioralonaerOeeia that ^-^<l blocUstheuarpSo of dopamine

(DA), eorepiopphtlne(NEJ andserotonin .S-HT). Beraanolocai anesthetics
iroauoeseizcresin hagr doses, coraisehablongbeea 0eiiavtml to induce
seizures thru/gb lto locaiaaoschntic sffeola. We datasminedthn potency of
cocainel UppropioF)DAuotoge ishiboor),ImipraminelNE/5lHT uptake
inhibitorlaad otwraine(srmilot loral gnes-roOopoteocpfo doraine) in
proaucingsuUrknen in3 i ^sc S enrains. ifrravenocsseikureatOrekholds were
determined inGEPC-9s (seoere ueizurestrain(,GEPO-astmndurafe seizure
strain) rri ^c^l^^r^UFaO<^wi<^sl)S^D| rats, CSo srro i ofromwSichlOa GEPR was
derieod.
Behaejoraily, eelzotesprodaced byall4 tongs wweegimilar. The 4 drugs
producsal a similatraokolderofcoCescy inall 3srtwiek.Cormune was the
most -orfentcouvslsant|follawedpybopropton. Imikraminedemonstrated
intermodtefeolktency. Procoine was bo fart hr oeasi poauntin producing
seizures. Coraino ueiouretaresOold wos tower inGaPR-Fs rhar SD controls.
Imipramlneoad -coralse ucizacorhrasOolds w^reol^oS^wen is GEPR-9S.
CoraioeseiuurerOresalOW waseievatsNinGLER-3s over SD controls.
BupropioniimiwramisoanO procainu keizore tdreshoidswere olso elevated in
GEPA-3S. oil^h aoe sreatesfererotiobin pupiopiun seizurelhreshold (74
percoetooc-FD eontrols)l Thereo-fanNe ofGEPRi3sto tie convulsant
effects -tl scraineasoompareSto GEPR-9sacd SD oontrotemay reflect
diffkreecedarfhoiovei ai the DAfransporSea Thd rankoiOer of potency
dernonsrweadbafheye Udlugssuppartso Ooponeinergiclnvolvement in
coowinej|raroocinselzs1eSl -0ukponNdbyNIP NS 28118.)

770.11

770.12

AQUANTITATIVECOMflARISON OFINfflBITORY SNAAPTIC
C1URRENTS IN INENTPOC/MPUS OFNEENHNH OOUSEMODEL
OIFGl^^OALIZED AB^I^^N^C^EIpin^I^PRY.
S. J, Caddick* and D. A. No;rford.Neurologv Res.Puke &Durham
VA Mkd.Cknters.VAECC Bldgl6, DiuhamCC27705.
Ab<ekioe erases rqarkeent the ^sictionized buret firind (^ikk wave tiirnharges)
of.x^daUorntfcorticalavrdlh^rmia ooxuryrn nr osrillatotyfashiun.Pre-wouswork
in ttis latifratory tias seigg^x1 aan upre^ation of jpyfe^apfrc GABAb rrro.rtor
fcrnctiyn in the tiprmmppe of
(Uulh) rmre, a ^etic model yf absence
^iszpik;. ti oyteetotio^iricdygt irtibitotyfranstisstey.white veU v^tc^rr^ii^^^ of
laraUy exofu.
vcrrents worn obtirnue1 from CAI pyramtial cs 11; in corona1
dkce(45O4Pn). Die prs^ unpfrtude of the mtititory GzABAregic cisrsnte mediate1
by GGAAa (IPSCC) vnd GGAAB (II’SCC) receptors wree (rompa-ed bktoeen lu/lu &
ncyi-ekrlakroydeac littermates t+/+). ffiSC's woeeisohtted usu^ DNQX (20pM) md
V(20jpM) and bicuultiinrr lOjJMtoteokte IPSC Weobsesrorinosignifioant
differences m the peau amphtodr and lal^cy ttr pp^r^ ofIPSICC (IMh, 21(6251 pA^
12C±rim;+/+,211±2CpA, t4±lme, P> 0.07); peak amplitsdr and latency tr peak of

INVOLVEMENT TO THE INDIOEd YTOIATT-NIGOAL SATNWAR
IN TNE CONTOTL OF H^II^l^lS^I^C SEIZOOEY. C. 06^^, C.
Mnieecnpx and A-DepauLe*’ INSEOM O. 39P. Faculto de M^deane, 11
Rue Psmraa, 67085 Siretboesgrlrex,Faance.
In order tt) i^^t^oriii^s^lt. rhhinaolvoemet of mgs^ er^cltt^lt^lrt Jamno acid
trraemieeifa in the dDi^tt^r^l of generalized eeizsree, drugs Here btlateiralln
micrfiajrstrd in ttie subsianita mgsa
^ericulala in two genektc modele
of epiiepsy in the rra ^Nheffectsor VtofSunl of tfie ragsra glutamateFc^
input from Ure p.lberalamlrsslesnswerteaenaaanXled.

IPSC) (lh/lh, 42±7pA, 14P26ms; +/+, 42±3pA, mUmest P> 0.05). Theer data
ii^dic^j^^^ tlua tiesearenoohoug^ur tie emphttidekftitpojtsyna^OcIP^'s m
pyramidal rells of CAI tt^um from ltiHh rare. Fostier work on compar^ tie
pr^re0^^^^^^ GT)OBtetiblynnopISTC'randASS0le is rtprat^dnefcaway.
Supported by grantefromthe NIHandVA.
1. Horforde.^1 Science 257:398.
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In Wisha rras with spoftanaeft anteeas, ina•anigsal
dizfsllrlae, CGS <W)116, or 5,7-dii^llIol^r^l^]^]^^^l^^nis add,

ilae^r^ltl^n^ of
non

competitior and cl^l^{r^rSlS'^(r NMDA rerssror ani^gl^la^i^ sand glycine
NMDA-reefslrSed eite ant^^^t^i^^t, s;g^aocanity supprersik1 sprke-aad-Hroe
<1iesUrrdee in a time and
way (6lX) ait^d 8(X); 2 and 4; 500
and 1,000 pmolr/eidr respectioelg). )g
no signiflsnat
espprxeelfan were ol^s^e^i^r^tkl ^f(^r inifamgral injectione of antrdfaiete
rssiad at oftur glatsmalsrglc rrreppors. Furrheimore, bilateral injestione
of msesimol (17.5 and 35 pmolre/eide) in the subthalamic nuclrse
eupprseerd nbeeasxseizures tnlherat.
In a mode. off comouseve serzzsrr (ar^c^^l^l^e^rac seizure), bilateral
iatrnaidrrl mjestione of CGS 50116 (20 and '50 pmole^sede), rr^i^islltxl in a
eurrrxeeifa of tonis
No suppressions were
rftxr
bilateral misrfiajrsSioae in the subthihamic nuclrse of msesimol at doeee
up to 700pmore/eiide.
TUeee results sl^c^’H fhaa bti^i^l^t^c^cs of NMDA receptore Hithia tUe
esbetratir nisra pare reticulrtr suppresses both
convulsive and
aoa-ooaosleloe eelzsrxs in ttie rrt Forttesmaris ttie si^t^{^ri^s^i^il^n of
aberase sxizsree after iinUbtiton of Si^tltt^^^ll^Imc neusons sus SXs Ss tUx
iaeoloemeas of the in&irxl sn■ialo-ragsal pathway in tt^e triggering of Hr
nigral soatrolorrplrrniies.
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NMDV Antagonistsmd GlutmnateRelease-IibiibitorsSuppress Seizuresin the
DBA/2 Mosta.tD,SieolQYe*. V. AmiM. S. <sQtdin.l,.b^«ngr^lm antb1?/. HoltPharmacology Departasrnt, CmnbridgeNeoroS<nenreiCambridge,MA02139.
The DBV/B couse isnoownforipsexcems eusceptsbiiitylo ogdiseenic
seizures. TSsese seiauresiheSriggsreW byintznse,higiifreuoenbyrouuO noidfollow a
sieriditypsc course, beginniggwdO owi Idrnsiningppase tCi^l. majsri^pkU^^iirzgress
toclonic zais.ures, ionirexSrnbioIliOl0death. SeiauresapporatoPeiherenuit of an
imbtSanca aptweenexciloiuyyrodinhsbityru UscsmisrtoninDB C/Cmice.
Glutacrta se tdeprimueyrocitatorunebroCzasmittur In Crmammalunt rentra!
nervous zeztam.ThusaeionkoSgloCmste^eleabu orseoepsorbindmgmayprevent
orattenuo/s saszurciecSivitymihese mice.Watesi.edtheeffiyacyoi' the
nQncocePtstsve^M©AantgboeieteMK-801andCNSlS00SelhisasBoy. BolSidry
highly effectiseeC superessinr audtagenic seizsaeiictivity; MK-SOiatadose of
0.2SmoCe,lnzndCNSai02zt2.0 mg/kg, lp.Theoeiative in stvpM^DAcies of
theseoompoundsciosrt yr^^frOasthgse rakiSive izv^Zsbpotenduzaiuhs NMDA
buggbutSngtarit binckcie uSthisrsoupcosisresponsiblo Con etrzuru
stassueszion.Forotctbuatcneni timet utU^doum, CNf tl 02signdBcandy reduced
seizurer/iveriiy;nomarbidity oo mortaOzywrsessocivPodwilb CNP it 02
tusairzano WeCea eocninsdS uslmpoundstiieS are OuiieosA toMock thesynaptic
releaseafgiiNaneSs:issaotrigioa,oiuuoiz.BWei9CbU,gndCNi 12ZP. An were
effec-ivuatreObripg saizureigbidencegh dBveriClUiSrougOathlgPes desabraan
wes-sseoiscCdor NMDAancagsnists. TbeDBZiSnmousaeo(nogenisr tyizusemodel
isaricidasd rigldy snz^oZubibiImethodob taoessinga comssund'sability to block
giuIsastaizrgig uouro/sansmtsston. Tiie oUiisigofboihNSZ[DApntagonisSs sud
iciiyitsrs ufalota]CpiereIeasela prevcntaodiogezCboielcoe suvaeshstPaaeseizu^es
moySegloCmaiu-mediatea. tkoss raSzeCblwiZiOiismodei mayhaoei0eraorutic
voSognu/oalyforiOeireeitnenl uiepi tepofs Sui also foroSUordisoryers associated
with glutamate excitotoxicity including stroke and traumatic brain injury.

LAM^^EI^G^SLE DE-MATTSAALLY DECRAAEES COPTTENT OF DDPLA1INE
METABOLIEAS IP CAUDATE NUCLEUS OF NORMAL AAPD SEEZUREPROPE- BALB/C MICE- J.P, Vriand* anO Np AM. A-exiua■ Dapar/cani ol
Acatomy,UsTversttbggMikaSoba,Wisgcioon,C^EbaddR3E 0W3.
LacbtrisSinr (LTG) is a ri^ii^^ivaly new aoiteonulsive agent. Li/lie is known
cocoaming S/z neurbcgpmical cacharusm of action. In bar Iabbrrtoey wa t/^^i/sO
LTG for iit aoticonevdsive esincls in rnaudiogghic rethsae-procp siroic o^ BBib/e
mica. TRae CiSlal s ^sut - of this psoiec/ was docissieO t/o st^^o' thg neuaob0elcicar
effie/z of LTG ai duUs^y reieigC dc^^^s. A raxor- of its use in PLskinson’s
(O^p ^p (Zipp it ol., Itee3) l^ii uu -oexj^^e -hg eSi^eact ooLLG rdoCnisZfatioc on
tdi aortic/ of doosscine (DA) and its; mcabw^^/^s in the striaium. LTG
aOclinigSusoe ip, P0mlnetiz prise So bail Se^i^t/i^ mhibtted -Obicocloinc aodiogenic
siisares in a doN^^-dos^s^s^^ant fashion. CbcpieSr icdibtsicn of seismes was oOserveO
at doses betwisc .0 and 2B15^/^. At thess dossz, LTG hoN no stsgcOlcan/ effect
oc DA cobioni in exiracts of nauduie nudees miconixlchgs. How -vci , LTG
aNcinznsaticn sisusli"lranlly i-eduaod the cbc/in- of the DD mata0sblies, DOPAC
acO HVA, in caoaoie nualesz oO bot^se^^i^^^s-s(^^^ aoU seihuausresistoct mica.
DOEAC cbuepnlsakcns wese redcacd to 4b% (p< 0.001 ) of cbc/i■ots Sc sz;is^i^jrirazSziani cice, wdila a reduction to
(p<O.dd)l) of coe/iots wss obzsiv^s^d Se ths
saisai■e-pbche strain. HVA boosunitatienswire souuced to 80% (p <^S)S^^S in
siSsare-sesttiunt cdse, whlie o ^aOaetion to 55i% (p<0.01) wrz obsarTaO ie szizurapro^s cics. Whiie Ihzse dtia do not pbTsohe evidence Oir - roSt ot DA Sc tha
an/Scb^i^\ur^^^^t aceron of LTG- /de Nr.clatlc effects ot this Nuus on tl^e connect of
DA m^i:oW^!^^l^es suggest tdot LTG Ls an inCibttob oODD Autnobvs. An altesnalive
exploration is that LTG rnducss inirociUalar lsvslz of maSabbliies by ir^l^ii^ts^^^g
rsuptiCre of DA and itssubsesuuni maSalWilisc to DOPAC mud HVA. A q^^s^itsbu
tdot arisss froc this wook is w0gShgs thd^ inCIt^tSi^i^ astion on DA maioboilts
cbntsni issebnndero Sc ict outinn anaiuSnmmnrciv oa GABAnoctc neurons.
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I^^^^^TT^A^Ti\N^ST^ETgEDR^TS.I^ooies.l^J:D D Baftoza.A,
EDI VescCio, F. and Garoia-Cairasxx?, N. Neurophysiology and Experimental Ncuroetholzgy
LLboratozy, PhhyiolozyDDsaamenS, RibeitaoPreto ZcSoolof Modicinn. University of Sao
Paalo,FEboisaaPreSo,14049-900.S.P, Braai.
Thh i nferito fcZliccluu fiC) is fhe imrst crrticc^i structure ol the auditory midbrain involved in
auci(Zjgsicseizarec(AT), amoZelofecxpsmmiraiefCleicsy.ANsre cfAducCdf nuscspSPIo )S)
ratr, i nctzhaat Do recistaaf f R)rats. Do Dh^g i mecnity aaozuic stmulaaoz. Thus, intzrter to
dselcze ^1^00^ differacnec i nSandRnras, wetocgairmapitn3w;a/efizan patterns of
micbrain aaozuic ecoZeS pptecnala i/^NTa) in R Wistar rate. Data were c<^li<c:t^ from
aresthhSzaC raar irhizncmouiai 40 mg/kg; 240-2) g b.w), oy means zf carbon fiocr
deckrziece)ip=10|4miRb35kohms,develciZPSin dzrlabozatoor inthhSe^lowndcozzindreCi
at O.Dam lnteraala: APflarmxda irOT +0.5 io --^..^mr^; L(i^itiit^) from 0.5 to 3.0mm; e)duaa
mater) ffc^m i.5 io 7.0mm; fthtretfoo, ihh rn^rn ptreocture iacsiutrci in 360 recoradC sites
(nn3 pprsite). Mozda^aipp^etozeCursrn s D Zf 3 H.E(9C9^E^)\,erc cfaPteddf Ooeoctralateral aas
Thh ccZecteCATTawe^e)DDzmdiatad(nn50)bomacndoraaA/D cozdoCer'lnteCaaeCwitha
aenPtet(BIOPPS) aan fhh data espressoC aa a ipcro^fo^^» oZ rratximum of each iatccai
swes). Small e^^Cro^^c ieciozn laae^eCrecooCagppints. The rrc^lti( oZ AEP mapping aac
prac^^^ aa cozdosdozni D2 mm ^ectoainds ami urn) to calculate insrantaneous ciccthcal
ctpplec in icaC 0.5mm3 0011101 volum Thh c^lct^lc^ttci ctfpZtc ernao«ct us to c^o^^^^ a
ccue ortherTaisecdCchhlozinweicCthhIC isinneCoC.R<»ulthor 3Diocoz^ftmCcz^frczaDfo
23 mm co a 1mm tima interaoi suggest fhh sigma cc^o^a^ in at 3 ms through the iatccai
lemaisncs. 5 ma i n ihh lC, in 6 ras th signal ^alits to the superior cdiiculus, extenml and
(doo^t i Cnuctei amialsoprojesOhtofheiczdoalatetol i C. At around8ms, f^t^^l DC seems to
recoivofecsaraO idfzcmation from external ncdei. ACe9 O mn, ng ^caifica^t Csdnc are
rccczcraCi nfhhsObe.Ondgind studiesarehighlighhrggitferennssndamilaritieseercettdie
caTdaac(tjmadas>Pcdact) 33cDaoPe Ciarnburiondfe smlabfrai
financcal Support: FTPESP - abTE]L(grantf9320233-2)

770.17
HROPERTIEe OFLVELOOP1NGTAT(OCV(MLUACV0CU1NEURONS
DP-THE GENETICALLY EPILEPSYPROI^RATS (REPRs )
S, Vai^^-^^liL'T, Ls QScYeUc gcA M.S. Evenr.EC^krAaentof Surgery,
IDvision ofNuibZKurge-yaad S^^rUtmont ^i'Ns^^t^^i UouUiezn Illinois
Umversityc ecIbbr-of gPoS:licine,Ssesngfieldl niinoisdy704
Dre dsvitopCigGEPRs likuncsneiauuug^zIsfhowagreatespro]ynsity
fOTtonic ssis^ enduotiunauugtgSheS/-•stiwowzenrbS nostnrSTSdevelopm^i^] In dieIhlodnndao/d■-hw«c-tditGLGEPRslackaVp beaelonmental
(Nsc^ts^s Sctonic seialaizsusceptrbet/y/tbrtalzisuein no^nzlrdh.The adult
GlELR gippkc;clpusgbowsanmasziNedexcttabilityinSheCAlreoion with
{eOsiai pules stiCluiaticn,adeiszso^GAVBA^ msNiated tnhibiSionsreduced

spike nusqapncy;NSapiaiiunwItOare0poedsklwage^shypropsl/e0eation(AHP)
in&ome nsarknSiWunowaCusNeRiPepsope^kncofdbveSodSpp0saIPorampal
CAsnaaubnz inGEK.sCnb02)ond SDraUse«=9I- 'ncmcibranemput reastanci wnzhigherintiiodevdopm0 CA^ouzoncrntjEPRa- Thefcpt AHP
vwn^bsent rn GLYRundspurepoiss0zbUonwabfloweg. 'nw slow A.HP was
InrtsigninoontlydOPusnnSindevbSepsnc GRPRCAanez^one] AIII^s cells
sewNed sn tdsCAl sggicninSie SD saiaduginh lhzfduStWppfwedbwshowed
a ipike n^aqapuoyNaplabun. ys40n di Ge GEOACAI upUsihooudgd in the
3bdor 4tg wsp ^- deheiocnentIShespinefiaseuencysiSObUiwoewzaabsent.
(Or^ngra sy^s^c oSCnr0abon,c^b odtOe CAl zellbshowud brnol soaction
jx^^z suthe3od wank. ieussreossuIsaSiibitionwiSa reTietiau stimulation
loss^n m olevekipmg G^R/s -a . ^.lesyieptiasftnulation mihe pre-

^o ^ sd ^Mbttucullrheeli/pteoaburbl ofactionpoteztialsigsttou about
Xdms in AD rateatIUshe wacki. GiYEPRo, hTweoe^iaugoNngodUischarge
listing nor u ^250- ms waz;pmnioCAsnouzons.ThhzerezuiW s.ow an
incinaiesO axcitabWly wiIhepiSekgsnenScprophztiusIhCle r -0-s . CAlnzurons
szsu

-he tics whentps0vsoora[eslzseoraapbuginsubgto appear.
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EF^EECT OF WRIC OMDD SYSn-HASS INHIEahON IN DlFFERbDN EPIPEDTIC
TDI^U^)S£ ^[)TLDrCtelEftS TA, 0^3^, COcara 5.A.C. , Mishra P.^., Jobe P,C.i.
Garaa-CarascOi N*. Physiology D^parOmcdh biocirae Pccto School of ^Ct^rtei
Unroersty ofSaoPaulo, FbteCrCr:rPre)ol Brazil. 1DpaOment of Bi^c
COtege of
M^itCi^ at Peoria, Unioccsity of liiinois, lliidele| USA
Di^^pa^r rr^tull^s have been
concerning thc role nitric oxide (NO) in cp Ucp Oc
seizures, Inhibition of cdaogcdeun NO reduction is an adcquate tooi for e^aoii^ir^ a
rote fee NO in bioan ex(Ohaeiity.
ev^uatrct ir^ eercO oZ a NO ^rnrhase )NOS) inhio^
(L-NOAbG), 2^ imcgkg, trMt^ a d^y, 4 days amt 125 rogkg (i.p.i D3. min
scizurc er
drug inre<ctkzf)l in it^caoPi^, iPS^ryl€SfBte)r'azZ (PTZ ant auticzgcfic seizures )AS) on
male Wiiica
(R) rats co geneCc e)pl^t^-FPrzte rats ((^E^IPf^--3s) and SpragucDawley 00.0x 018 )SD).
Eighty eight ipccccd oZ ftte fate f)X; p^O.) het s^^ajr^ elic^^tct foy a aib-convulsant
desc of piiocarpine (400 mgkg, Lp.. 1 nogkg rrethyL «czpZ^amne, n^ per group), eniy
afer N(^t3 inhibitor. NOS irhiioition had no cffe^t on sub-convulsadt doscs of PTZ (45
and 30 mg/kg li|^.| n=38), bt^l fPttcdiartclD^eDeverity oZ |irm:ecMtzurosifdtlroctby PTZ )^
mg/kg i.p.. n=16).
ithc
ir^^^tt^^ p^^r^trc^trcd ac^^r^ tmic seizures and
lethality induo^ by PTZ (80 rogkg i.|^.| n^). L(-^(^/N^(3 treatment had no crfsot on
elitOti^gA^3(l^^p^|rg(^r^l^rt)lnWi^ra'fbDr^tseirh^r f3Dminor 24harros L(NOAbG injcCton.
O)reover, GTPR-3e and SD did nn^t 3^ tthCi ^verity inntexo: cor a^i^i^r^e latencies
aforc gmilsa tractmto. In cood^uunoz, tf^ r^^lto suggoS that tthc e^^li of NOS
inhibirirof con sczule aCvity
co ihe seizure indiKCitg
and in tthc (case of
chemicai i^uct^ (ib . PTZ)it(atrP3ndsdsoforfheiae9e.

FinanciS SopFNrtETPaSP-Brgcti(Dr^t#9))-34ad-3 £3/293/2023-2)
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771.1
GABA-LIKE IMMUNOREACTIVITY (GABA-LI) IN MOSSY FIBERS OF
HIPPOCAMPAL BEAIN ALICES.! S. Wilcox*, M. Price, Ai . Johnson, R.
Sloviter2, & M.A. Dichter. Dcpts. of Nierology andPhatrmacology, University of
Pennsylvania, Philadelphia, PA, 19104 nnd 2Helcn Hayes Hospital, W. Haverstraw,
NY 10993

Dentate grnnrle hells provide the mnin excitatory input to the CA3 pyramidal cells
of the htppcoiamprs and are thought to uriilze glutamate as a transmitter. However,
rehent work (see Sloviter et al., thti meetingl ddmonstrates that dentate granule cells
normally hontain both GAD-67 and GABA-A-. When perforant path stimulation is
used to induce seizure acitvity, granule cell GAD and GABA staming increases
selehtively . We were interested in reproduhing this phenomenon in the acute
hippohampat slihe. Rat tuppohampal vibratorne slihes (400-5(0 pM, were plahed in
oxygenated Ringer solution at 32-34” for varying lengths of time. Some slihes were
ishubrted in Ringer solution lacking Mg2+ to innuce sein^L^r^<r^^^^.e activity, while
others were plahed in etiher stiii^<U^d IBnger or Ringer containing CNQX and APT
to block ecxinarorr nnurolransmission. Following inhubation, secnons were fixed with
4% paraformaldehyde and iryoprotecred by sucrose. Bram sections (10 pm) were
stained with standard protocols for imreunoreahiivity with a motntclonnl GABE
antibody (Sigma). Slihes that were fixed in^r^e^r^ii^i^lrly after direction showed
GABA-LI in the mossy fiber terminals, while brain sUces incubated under all other
hOsUitions demonstrated more intense GABA-Lt in the t<^^^in^ls and tih^^ugho^t the
mossy fiber pathway. These findings honfirm that GABA-Lt is present in the mossy
fiber t<r^einnls under baseline conditions, and that merely incubating slihes in
standard Ringer solution, a common protocol in lar>oraiories uumg htn>p<oiirmpnl
slihes for eiuctrophysiological and biohhemihal studies, is suffihient to greatly
eshasheGABA-Ln i erhemossyfibaepaiyway.
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771.2

-MMUNOCYTOCHDMIPAL OOPALZPAOIONOF 05 - and 67kDa GLUTAMIC
AA-D DECARBOXYLASE (GAD)- AED GGCA-LIKE IMMDUNOBACTIVITIES
(U) IN THE RRP HIPPOCAMPAL FORMEV-ON, GED67- END GABE-H AIRE
PRESENT -N NORMAL DENVAVE GRANULE CELLS AND ARE RAPPDAY
INDUCED AY ACFERENV STIMULAT-ON- KEmC ACID, OIR PPLACARPINE.
BiSlSlovite**,A. S. So Uss lE■Danu , ond M.Ae Dichter.
Neurology Neraarvg Rere HHl-t Hayrn Hospi tab W. HavarstraWaNNl0099, the
Depts. of Phermacoiogn mah NnyroioIy, ColumAiuUnivu^sitc, Nei Yirk, NY
10032, and0he DndiioeNeuro Ney, Unieunlty afPvfthrnivmiri Phtia., PA 19104
Recenich^curtuhr eUrC ieruuggcslthaI hotbehcirhsory^utdinhibltovychrlucontnm
mRNAs foIAAD65dedGADG7.e^tiIimpfier sCatueCnucehteinchvniSionSi excitatoornnnrons may prodcceGADnud EACA, dnClemparyrilycccuireinVtbitotx properties. Wi hate teeted thirhhca|ti-esis bn indng ing se^re diaaa<c-ges mva' o anid then
lohalizing GAD60-l GAD67-, and GABA-AL However, we ucsxpectedty dincovereU
in piiot stedies uuilzing immroved immenocytoihcmihal methods for the detehtivn of
GABA-LI iari dentate granule cell axon terminals of normal ammals contain intense
GAD67- and GABA-AL Stimulation of the perforant path onhe per minute Yita 10^20Hz stimclcs trains evoked population spikes and eplieptiform dithhnrges in the
granule hell-, C.G3-, and CA1 pyramidal layers. Six hours of arfurens stimuration
^1^x 1 GAD67- and GABA-LI in granule hells, but not in hilar mvtty hens or
hippohampat pyramidat hells, Stimulation did not dueechably aiter GAD65-LL Granule
hell GAD67- and GABA-U were aho innuuhd aftee kcinnte oo piloohrplne--nduhed
seizcaetl These rctults indihate ihai granule cells normally express GED67 and
GABA and that gnanure chti exxitation insrer.rae thain ecpreesioni These findings
tcggest that granule ceeis may nnvmaiiy poosess booh er^r^isatorr mnd iintibitory
hharahtarislicI anid that cxhcttiae exhitation may tempora^lly shfft the balanhe in favor
of tt^^ inntnisory chmeonentI pxvtibly aatering hippocamprl ercitebiliiyi seizure
fteqccnhyl raverilyiiutddusvnos rsare/ulr. ScupoetIdbeNtNDIgr8e(NS 18201.

771.4

-verm POTENTIATION GV
SCHEFFER AOAAETERAL-CA 1 SWAP'SS IN HIPPOAPMhPUS. A, Telisek , J.
Teliskova, P.M, Eigenl S. L. Moshe, P.K. Stannon*. Departments of Neurology and
NcuaosiencelAlCertEineSntACollegu ofMhdieiAe,nroii, NY 10461
earay

BASICSECOANNISMS V

gonadeavomy

modulates

long

Gonadal steroids play an importam role in the development of the nervous system.
-n this sstdy, we exrmmnd thegonnnuciomy-induhed changes in Shaffer conateralevoked synaptic irassmisslon in AA1 hirpohampal neuron, nt slihes from 29-31 day
old male rats castrated on day of bisti^. SSam oorrated Hitermates served as controls.
-n another study, we examined stices from ar^i^^t females ovariehtomized 7 days prior
to the experiment, and given erirttges supplement two days prior the experiment and
a stogie progesterone injehtion at day olf the eepxrtmenti We observed no differenhe
in the m^airi^^l population spike amplitude between naive slihes from normal and
hasiratcd males, -n stices from ovarechomized females given hormone supplement we
found signifihantly large, maxima, populatioe spike ampltiude than in controls
(8.6+1.3 mT versus 4.8+0.7 mT), -n both males and females, slihes from
gvnaUeclomieud ras exhibited significantiy larger thoat-tar^- pvtenniatioe 1-20 min
following tetanization , compaeud to hvntrots, -n contrast, gonadeclomy did not cause
any difference in the amplitude olf LTP
30 min aftee hightfrequenhy
stimulation (2x((HHo/0.ehein m males em females.
Vhe data suggest that ggvadectvmr causes a saiueiive enhancement of short-term
potentiationffrnarptiersansmtssion inhippoermpelfiAldCAl.

CONTINUOUSHIPPOCAMPAL STIMULATION-INDUCED STATUSEPILEPTICUS
RESULTS IN ALCCRATIONS IN.MIACOPCMAL LACCIUM U PTAKE. KD.
Department of Neurology1, DepartmePtofPharmacolocy and Toxico logy2 and
DepartmentofPhysiology3, Mhdioal Collage ofVirLihit,aiohmond,VA 23298.
Status Epileptihus (SE) is y p^(3iea^r^Nrdiooro^oras:^oyihja^dwia^l^ia^ltFmc^i^rtaiito aod
morbidity andnoerooeicelliosodespiSp aggroosisetreatmepL Hyoerexctiabilito
aod nturooal ceil death have beec well correiase0 with pryiaooed iocreases io
iotracelluier calcium .
TSis Ps s provokoi ioterest io chlcium htmeostatih
mechanisms sucP as the higT yffintiy, lowchpactto microsomia I Cay+ ATPase.

Eiteratioss of thus eozome could cootributy to the prolonged iocreases io
iotraceiiNlar calciNim that ultirpateio accounts for the hiagi mprbidity and mortaiito
associated with proloogeO ssli^es. The Continuous Hiapocarppal SEimulatioc
(CHS) mode I of SE was empiyoeO to stuOo the eOOects oi seizure activity oo
microsoma I calcium uptake. Tesy aoimais receivtO ’continuous’ hippocampal
stimNiatiyc cycsissicg of 10-s trano cObO-Hy, 1 -ms biphasic square wave pulses
( 400uA y every --s for 90 minotes. Implpnted/Papm mimay s vrne used as
hoo^i^oss y Ra t bran microsomss w'eee isolatod from contro I ood SE animass bo
Oif^i^^^^r^-^ial c:enfaNopatic n Oo r Oeterminstic n o ) microsomia y calcium uptake.
Microapms s preperod from controy aoO SE 3010^5 disslaaod ACT-dependecS
Can+ uptakes Howvee r, CESCoUhCodEE resulted o significant inhibition o f Ca 2 +
uptake, 47% , compared to control. The data indicate that SE causes alaeratiacs
io microapmal palcipm ppaake ood thus maypoy a i^o I io causiog e!evateO
ictracellule r Ca2* .
The Pafa uppoo yt
e hypothssis that plteraaioss io
microsomal caicium upaate may uftimatel y acaNcnt Oe r some of the morbiOito
po O morfaiiayassopitted with or-oleO stdstizures.
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FELAPMPVE PREYS',NTS VHE DETELOPMENT OF KINDA-NG
PRODUCED AY AHBON-A VREPVMENV W-VH
PENVYLENETEBPAOAL IN THE iGT. M, Orton dt, Ot Gorgi , F.
Marrosu*1 , M. Sri^n, y. \Y^il^inLisi and M.G. Corda. Departments of
Vvrihvtogyand 1Neurvtogri UniaernIry ff CagitoriIIraly.
Ahroni'c
wiTh an initially aubhvsautsant dose of
rrstylrseretrzvo1 (PTZ),i Mockrrff Hre C1' channel of GAAP. receptors,
Ucirt'mines the progressive devetopment of seizures (i.e., chemihal kindling).
-t has been pl*tv^^vs^iU that an eenancement in NMDA rechcrertmedinteU
nccaotraaemissvon tocetCer with a decreac in GCACergin Uusciion play
a role in PTZ-indchcd kindling (J, hharerhvol . Ex. . ^^,262, 792, 1992).
Sinhe the antifvnvclsnnt rffchi of Feibamnic (FELA) is probably mediated
via isiranct0)n with the glycine site of NMDC receptors, it was considered
of interest to examine the ability of FELA to antagonize PTZ kindling.
Rnit were irrii^t^d with a tubconvuiraet osee u I PTZ (30 mg/kg, i.p., rarrr'
sehond day) for up to 8 weeks. Two ooher groups off mto rchciard FELA
(300 or 400 mjgkg, Lp., 90 min beefne each dose oo PTZ) and co^nl rats
were treated ihronieaily with saline (2 mllkg., iip... Pharreaimcnt with
FELA prevented the draelvpmen t of p Vz kindling rarSially a, the dose of
300 mg/kg and hvmplrtelr at 400 mg/kg (seizure shore by the end of the
hhrvnic ireatersnt, ()o5 scato , ^0^01 , 0 t PTZ atone, 3.23, PVZ + FELA
(300), 1.13; PTZ + FELA (400), 02 a FELB ates prevented the increased
scntiiiaitr to the cosvcltnst effeht of GABA funntton inhibit(las observed
in PEZ-kindtod ^s. Tims, i chaUnnee dsn ft isoni'a/Jd (120 mg/kg, s.h.)
or PVZ (20 mg/kg, i.p.) 10 to 60 days after the end of the chrenih
treatment todaed, generalirud conruistons m >80 % of PTZ-kindled anit
and in <10 % of controls or rats trrr^^^d with PTZ + FELA (400). Vhe
results support the vvew thar NNDD reaeprrr-nmCiated nserotrasamisstos
may be invl)ieudi n thd arvetopmevf hfZTZkisdling.

A-MBIC SE-ZUBES CAUSE CHRON-A SUSAE(VIIBILIYY TO STRESS -N
BETS t Y. WaaiE1 . S, Ben-EliyayuiC G.Tovco^. M, Miotn■S* Phavhobiology
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Research Unit, Department of Payhaology , Vet Aviv Uniy,, Vel Aaia, -aanct 69978.
2Neuvohoinheeprogram,UniViOfCoutneAt CvtifoeniE CA.
Some pjatie^ts with tee^ix^i^^ lobe ecllupsy (TT_E) eeppnenhe psychvtih
symptoms during the inte^ictul perioas off the disorder. The study of suhh
inicriK:non may further our ucduestetnUing olf pochette lxetavivr. Electrihnt lundting
in animals, a process by which cmiy sub chvivulsiae stimulation homes to eHhit full
dome tonih limbic seizure,, is uaeU as a model for TIE. Vhe long term effehta of
kindting include a dehre^e in dopamine (DA) reahtialty in the prefrontal cortex
and inhre^^e^d DE ^enhtiaity in tt^(e striatumi Such cortihnI5Siriata- pattent of DE
imbaland may underlie some psychviih beanaiv^s , Kchh pattern also predihta
inhreased bcaaviorul reacstvire to aireasfu- stimui, , a common symptom among
xaychotias. ThaeuVo^e, nn the present aicdy , rnia were elehti’ihany or sham
atimuiaeu- once dlaiy unil t 5 oir 10 ff^H choonc teoic sarzures have (o::cuatcU, and
ihcia acshepiibltily to aiaesa was tiesteU 4
laaee^. Kli^(^l(rU ansmnlai as comxaaeU
to sham-kindted and naive controls, showed inhreased lt)comottnn nn a novel
environmentt and elevated analgesaa on a avi plate test. Naloxone (10mg/kg) did not
atiol^^h the effect of kindling on the asaaagesih response, Vo further aicUy the
relationshlp between kindimg and staeas, binding to sUratal DA-D1 (SCH-23390)
and DA-D2 (YM-09151-2) reheptors and to DA-uptake sites (GBR-12935) was
assessed using autoradiography foltownng ahute ^eaiaainlment stress. Ehute stress
haused inhrea‘cde DA-D2 reheptor bmdngg nn the dorsal striatum in aH groups.
However, neither kindlng nor the internhtivn of k^i^dling and stresa had stgnificnnt
effect on binding to DA receptors or DA uptime sties. In conciusivni the present
resuti suggest iant kindling increases suahcxtibifiry to ataeaSl and the mechnnsam
underlynng thisufehes isnoturicted toangngesinDAreceato-edrDAuptaCe sites.
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NMDARECEPTORANTAGONISTSAGGRAVATEHYPERBARIC OXYGENINDUCED SEIZURES I OR ATS. M. ChaEko.A.L. Harcbin.J.C. Brais
Eocotte*. NavslMeLical Research Instinnte, Bethssda.MD 20889-5607.
Excitatory amioL ac idrecoptorantagonists areonticonvulsantin a oariety of
seizuremodels.Westudieethe chfecLof iwo oan-competitive NMDA seceptor
aatagonirosan thv: laiercy toeiosaoencephalogsapOicdischarLesie sirvaaerats (male.
SpsLgue-Dawlry,38O-48O e)exposyatoa atmO2.MK-82i (0.a5 to4 r=
12) or ketanapeOK)^!) or MO mgfkg) )n=6S lnjaotedip aOmin Xof'oueexposure
masC^t^dr' shorteneVLeiersty it septere aseyaoompyrod at sullee-lrsyuLpd sonsrols (C)
(a=3) O^ijrlS.^Luo^ssOl-r^^atiii^tr aetamiar may incrcasecarebrcl oieod flow
(CBF). aodinnrenser iri FEPmuhenPance
Os seSuIlrot.s,lcr^leasore)l taeefoactof MK801 onCFF.Wcpyrosiraila implonled a
isopr-Dopp Ip e oew ort beovhs thedura of
a separategruup(n=4) of sats.MKs801
OI^t)O^^e■satni^ly innrenccBCBO up to3S0%
bstween 0.05an 0 io^rIg/Cp.Teeefyast of
MK-801 a nu^iiK^^i^t^iiailito ro OsSeioures
sorreiateswhh theincreasBdCBFi The
OsyconvuiruLnet’Seciwarsiiinsl|y aitencated
at higheroosessoO.a mg)kg)eaown so be
nf)^^sitt/e inothcsseipura modelSi We
Oso-oose twomechanisms Wy whicOMKs801
aff^sits^o asipnses: sA.^ daminant
Ospepnvuiraatanfecimedictnr by motoases
ia CBF aod (s) A ]e-ypo)ve^ful
LatiepavuiraatanfectopeaaOinaaoelgOys Oosas pis o yecaptortmcaiaseLmashanism.
(Su-orted ryMMDBCWorkUoit0115SG M00000-.00L

771.9
MODIFICATIO
OF
AINATE-INDUCED
BEHAVIORAL
AND
ELECTROGRAhHH SEIZUREt FOLLOWING INHIBITINN OF NITRIC OXIDE
SYNTHAE IN INMI RE. R.D. KirAbF*, R.A.FoSbSsb and S. Subramaniam,
Neuronal ExciEabiliay Sectiou, Epilepsy .research Branch, NIEDS, NIH,
Bethusds, MIE 20892-1408 oyd 1DEpartmuyt oa AcesthsuiologE, Uniformud

SurvicesUniversity ohthu HsElrhSuiences,BonheEd8,M
Wu assessedths efueursofN“-nitrora-Lrgininy-methEl estur(L-NAME), sb

InSIDitot af nitric oxide ssEBhasu, on kainate-irdsced seizuues in adsls molu
NIH Swiss mice.
L-NAME dasu-depedunntly shortnudd latenEy sa
uanvuisions foltowing sysunmic kainaue (44 mg/kg ; s.c. ) ond ineruosed tSu
ineidence of uanvulsivs wrldt running (to sSe uxclssion of sSu luss sevuru

ulanic uayvuisios s typtoally seen in consrals); L-NAME did nas shortun
losunuy ta kainate-indueed afturdischang e (AD ) in the hippoaampus,
omtkdain, faonial uorten , ot midbrain rusieulat formation . AIso , 4 of 6 LNAME-tueaudd (5 mg/kg; i.p>3 miue Sailed ao uxprest AD during initiat fits af
wild runningt suggusting on uncoupling of eleur-ogrophic and bnhaviarol
eampanents of kainnSs-inducrRj seiuureUi Finrlly, L-NAME ssortenud lasenet
sa wild running induuud by inrsavensrieuiat aoinate (1 nmal) Dus alturud
nuithe r DuSoviosal (ulonic; nor eiectronrsphic suizures ulieited D,
lnsrohippbsnmpal kaiosue (1 nmol). Beeousu L^AME poaentiosud seizures
follawing uitSur systemie oa I ntravvuBricular aSministrotian af kainosu Dus not
IntroSippaesmpat (fousl> as^r^ini;^^r,^tiay, the proabaBulsant effeess of L-NAME
mot depend oabilatorar or estuxhippocamnoi actfoaB sffainnrs. Moaeovur,
Duususe L-NAME faeilisotes kaiysSe-induued wlld running , whtoh beors
ssriking similarities so mosar comoonunts af audianunic suizures in
sssuuptibie strains af rodunSS; it is ppasible thso L-NNME inBluencus
suutopontiuemesyanitmstnatmudiseenudiogenlcseizures.

771.11
IACOHASHDPURAHEHVVELS sN TIHSHT’CACEUSPUS
MHASZUHDs BY SlCUTDI^]^LC.ri^SISLLTCOW1
SHIZUOHS . -R.B.BnrmaLaanP Bertil B. .hyenhqlm. "Wayne
Stars Z^nive^sLyti-netyotS, SISaaI-OKaraiinsSaInsLstv
StoeCholmiSwcPas
Phnsnisphamrayvtogiaalevidencerhaiadenasinea
naOyonayusanaiyavuroLanragent.WeIhyrnfn^eiUPacusad brain
levsio yaoulanes pe.g. iOpaoorlneltnoslnOiialanosixa^aH^ne,
aad hyoyxanthine)Iby mipyodialysi rbypp^eond pfterselposres.
Snisusns werepyoUuncdinanhsShetioen malernts ayinayutir
pithm nieuculliae (0.5meCgtSi tv so orkainic oesd 0 n.0mg/kg,
i.v.Vand wese morutocede-rIyt-hphosioioglratiL rrcanelecl
impIaateOt unilateraHys inyotPehlOPonaosOlT• SO SS mm
miesyOinrysis o^obewosimpiantodmsCeonhhrOipJrncampus.
Eurim lnvelsweseqLan)iPlodry HLLC. Lvvylrufaerines
iacInasnO substaniiarly dplaogseisplses, wi ththeinsgers meseases
oppa )os hrooxanthlneaodloorine.Srval leripaoeaseswere
)os aOpaiosme. hhesp )ffcctsweonoPnecvedwiyCbotakeinate
aad nieueullianseSzuses. Oddition hftrcadonocinenearm
inhibitor niyh^POl-9s-2-ryPrxxy-3-novylCpaenips(AGNm)tt
Oiaiyoio mOia resuLnedlnaihPerLasaStevolyoOpaynastna,
lagm iaespases as .odayosines^uanoaeipurer. Basalloveisn
aOnaysinnmetaboiLnemosipe wececonroypoaOiygty lower.
thp a00itiynof EIATAiadainnropsesdaongsuIpureswel
lowps mroaitstde . Thncefinaongrtndicatetnar as^iniove
aOnaysian increaseUpriogseiuures. wisOcyachmLIantmcseares in
levplo o) aenaosinematnPoLiSec.dhn sesuiSsoopphn
hypyrhpsisthaS incsaosodePanorlnetpvelsmaycontriPute to
myOulariyaofseSzuseecVviryiannmcyplayo so I in
tnpniaariyaoCongaiogseiuu^erandshepatreroingunsubseq
seizureo. rUooOirstenrIythe SwohisSMed iaalRpsha-yUCouncil).
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NEGATIVE SHIFT IN DC-EEG LINKED PT A FALL IN END-TIDAL
CO. >UZUNG ILUUNPAOI TCRVEIHNLLAION.
. Voipto*,
O. Oriia, H. Toivrapa aad E. Hetnoneas D^^^Ptmmt o) Bioscipusso,
0rX)14UauveftrSy ofM-asinF-a LUO
We hrm examinsO the eS)epSc oyhyponvnerLiation-mOuelOchsuoPO
ia CO2 orrt-iil ppposupp (EeoJ ou cortical neuroani exeitaniliry ia
ex-e;riolunls on humaa voluuteprs (agp 22-40 yrprPi n=9)s Bipoino
rscordmgs ^saSesan hte vertex (C)s and Ihe ipft mastoid wppp pl Op uoiag
r pu^OPsnld<MiioanttS DC-sysupSdd EEG rmoriefipr (himdwiCth 0.160 Hz) rad
oiatenof Ag/AgCI nins4rydtos. A 3-minute -xpi(dl of hn->PPveniliattan lit to
a mpra )rii ia enO-tiOal Ee^2 from 38 to 20 mm Hg rad to a negativp ohi)t
of 078 ± 320 nV (± SHM)s mdi<rrStve os ra i^crpn^ ia neuroani
pxeitabiitry. Th^e ia^i^^ia^^ri^tUrul vastaoan ef the maximum DC ohilt
raugtof Irons 200 to 1250 gV wthie the inaivtdual vviPatiou ia rrcordiugo
ppOPLLPds at iatpsvals o) 1-2 woiks wwr leu ther 100% fna 3). Votuntapy
roastt. which Isl C to r builO-uo o) CO2, o^yc.S1sc^S a -^^iiv^e shift ia Chp
DC-EEG . Chsur r>p^hiaog a gao mixture o) 5% CO2 + 90% airs r
sespiLLtorc pattern similar to that employst in aii hhponpenitlariya
Oi ^oc ^i ^ssws only sosi IS dssmaasec as padr-idal Pyo2 eProm 43 os 38 mm Hg)
rad a cinar-cut iiahlbitioa-80or0%%) ef DCS sh-efts whpu coPorrioS wihs thp
pnooxasnec ia ris hypepvpatilahon. Thpe pre&enS daL iaOictate r strict
dpopndencs oS thp n^gLrivp shift in the DC-EEG ou a decrease in Eeo^
which may bp accounCpd )op by the wel|rlcrowu elUhrrcepeut o) neuroani
pxcitabiitty mOuceoS by rpooipatoiy’ riCatosos thaS hao hppu rep^atediy
0osulmenSodinwosyon mLnmtmodeic yudoninvi--oprpparations.

771.10

•CTE’^ZaH s OF NINaSC ORIDH VWTH HEMOALOBN IN BRAIN
MIB^a^Oe)G^IC^^ISSs • Cs ZZhragt F^^■Sarrnoy^.S.SS^ ^dnrspr.TPsiPa;^^Sonpa^s Smith
Upoeaehh CentezlinnteiOrKansacICedi Cta.iKBnrasC0ty,K:
• TPe rote o) rairic Goldo (NO) rn manLyhohroiygocal pr-poepo^s inaSusUno
npuyoL•ims^uyrionimemory end brain inpury is fPe fceail -omt o) many
npuynbtolosrrial studies. PPPere is a npod fos r rphabip method to dtaectly
monitos NOs Oxyhpmogtnbm (HV) has high aftinity eyp NO and us>on bn-ating
io converted to MetP-Hqu^maratiavPy. Spodtrosco-y o) FH> connnnsion to MetHb
gives an efSa):Psvnmaanuremnnt ooNNconyaonraLoo. Although this mplhu^d io
popeciany pynIiOiamg oor ^^s^^t^c^ii^r^sis mayy factoos ern influpnee thp
sppyoUunibrrityiSensttiyStLond stabm o oftioss aosyy, mCiaog l t ^fit^lt to get
ppij^r^r^P mouito at sow NO )evetn. Factooo suuh asprotePn staLniiy, sp-dtrsi data
Oroceosmg raid tpmpesaSure conirol, as weii asr iaaomtaiysis posampters were
iatveatiLated. iUso, cPP-ect maiutoamgof NO m ^na:•odsalyshSos from ont bram
wr^s rooessed. By measurmg hPe daeSpnance an hie daefuatan raPos of NO and
oodinm ntryopruscndeaiyoi hPe mssp•ocLInysSs membrane, we )osaod ithas NO
rp^ci^y diffuopo t^h'ouoel the mnnmrpaae. yAa opOmal aLproneh to mnpsurimg thp
eonvorsionof Hb to MprHbs io tro uso aninSagopi of)hel:Siffe)enao sp-perum
whshh accounss for bohh hPe net inspteone ias MprFbs said aut dnoreane ia Hb.
.Tnohser a-itieas otp- is to takcithensoOy!nticpoinr as shh seSenencp pomt ho "zero"
the s^ecPsa . Thi not oaiy eliminaPos r seriouo epror soouiep from p-ooein
dpgrodationUut also com-ensates )or luaoredsctnbSe reflocOon eaSoct due ho
omnll volimpos (00-00 pL). 'nhs asoay has a p-ortical detection iimis o) abous 00
aiM (0.5 p^(^t/i^<m-r^^e) a tLhp rmarodialyshPe. We evaiuaped the merhooS m
anpshseiSeod rate by lemyustratiog hrat the exahotoxas Crime aeid (S3 mgOkOt
i->) induced NO relproe (17+7 nM). TPhis soudy doveloopd n p-otoeoi with
dptailfos anrryriear posampters for N^ monUoying Snueunubiomndicrr repoarehs
SuoportobbyDM0D10-90C-4

771.12

PATTERH OF DISTANT NHZUONAL yGC^T^AlE INDUCED BC
TMEG-UECEPOUI MRDIATyI STATUS SPILH1NTCUS SVOORy
FUOM AREA 1 EHWESTAS. A^E^^ou * yS^^^^chl?itI D. CaoooI O. Gale,
Ns sLibzadai A^^ggi^l^^wn Umversii Medics Canter nnd Univprstry of
IX';W'oshlnyaoy CS

ByctothSaetde OS.8 amol), an aggna preventing des^^'^^hisaioan o) AMPA
reoepyo^I eheu caliy soreP s oour^enrty frir 1 bi^s^^ii^ii^^ athiooide
(118 omois iaho the rep • .mpostno (AT) esuits ia . -otonoed (1-7 hr)
ohatus epilepasup s SSEs which can be SermiparLd by appheation o) an
AM^I^A rese^-ryo^ nuirogunrst, NBQX 0000 pmos) in AT. To 6^1.16 the
Ontten of neuronas minty ia this lodel, als wre onrifioed 2-3 iiyo L)er
SH and thh b^nInrp^oroslSPd usSna s ows i ioredoatiou. Wih SH vstiuo --3
hi-, p-onouuced neuronal degeueaatiun occurred biiaSerarly m the anterior
oifacoory nueieus eUooi^)yosm nudeus l ^^o ^^^^i * iudei s isolar,
oinfom sad r^hi^ial eo^iiix^t hipoooesmouc and sennal chiamic us Ov I- "he
onttem o) legeaeIrttinI was oi^^^r -u many repooeoho to chi ^^i^<spd by
oysteins c kami c r^etd. a n sals wito brief ppriydls of SE (S hr), neusonai
damage wns i^i^i^^iy
to th hemisphere from tohch he ozuses
wm^e imtintioL Uader these coudttions, hPece wos n n^ocabie abseuoe of
deoenerayic m the hihjoooomouo. Othoewlse, ths nam Idoono lhwmg
ua^ljcPi^i^l degeperation i^syly matched toose ^ffec^ed bilaServr Sy m rals
with more p-otonoed SE. II appoprrpC thht Snvolvnmeuh oo thehippocampus
wno cloyeln asooo:iahed with, nd posolbln ppuired eo. ^goeerahiors rf
region si ntOo CLnCpoiahpralhem
These reoutOs ohow ChaS SH lvoCed )ooany fppp[I AT leads to i pothera o)
brain damage Ieoemblio toat oeen wito imbic SH poked >b 'stemic
chemocouvuloants.
Thia model of focuny-evoked SE is higghy
c^^t]^oliniste, wito n dearly definO onet. su O has he adnntaoe rf h^ti^^
thp drug treshment oonfmed to n smail area, remoSe erom most of the
OL^i^^odce-l^^iltaSSons.
Puo-on^nto^yy N^OgIrtpANS08r3Utmd GM0«

EPILEPSY:

1970
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BOTH EXCITOTOXIC ANDAPOPTOTICMECHANISMSMAY
UNDERLIEBRAIN DAMAGE INDUCED BYINJECTION OF
AMINOOXYACETICACIDINOOCHERAE ENTHRHINAL
CORTEX. *F.Du*an d 2T.Ei diaMarvlaodPsvchiatricResecrchCenter.
Baltimore,MD21228 and 2DrparimentDVAnatomn end BellBiology,
Uviversityof Bergan,Bergen,Norway.
Ivjectlonofamioooxyaceiia enid(AOAA), aninitreci exoitotaxin,
into the ratanlo^hinairo^ieGJECrcacsecaseizuee-enlvtedneu^ocal loss
iv EC layee IIIYBeurosciLeit.l47:185, 1992). Inoederte aetarmine
whether thce dCstiectneurodraeneeotievinveCvesapopCosiii wa exarnined
AOAA-injecirdrcie usrriY NiectstatniavaaV an w DN DNA etrk endlabelivr techniqce(TNGSLI J.Call BioL119i495il992i at24 oe 48
Ouhrs,o^5dycsaCte^rlDTODA iejeciion.AOAArreaimcntrrsvited in
tnictcenuc1eaeTUNSLSabeiing inneuroot whSm srvsraliim1OeiCgions
iasilateral to tCeinjeeiion. A9 ho ho urs,lBneirdnauevnalnoclei were
maitly aeieciedinthrmostmedlr1regiuo cyiaIee Ulinihe oentromrdicl ECand intCs)rtrsal rmaadaloidnceieDS. AtOehoari, many
labeler tuc1eiwnrusCrercrVnoi emit inlayeI otlse ihe entire nudial EC
and it the lcirralamrrdulriV nucleus, butaliotB thb eubiculom. This
nlctribullonnatieiUoPTUNEL-ldbrlahnun1eiremainrd rimtlBrafter 5
days Moreoree,morphuionrceSrharrnteeitiioe aoapcptosiesSuah as
nonnentationoUshramatinmnnuclearrraBineuiatioB,were cntited in
the regionsdesceSCrdsOovu.Onrresulisind1cete iltarllu oddOion to
the eonitoioxicmnsnanismpreoioutlyruBC<rslen,e dylnyedapoptotic
cell neath ts inooiradinTDDAnlhducaCnrurotoxicttytniimbiciCgions.
The funcllonaiunnrehBancer ofrhedarlesecUaoishisunderiytngthese
AOAA-induerdieslanrarncul•neyiiyundavinurrtioation.
Nuaaorl^^dS^ti arrant UramihIEBitepsoFnnnUatlonaC America.

771.15

REGENERATION AND HYAEREXgIODDISIOY IN HIAAOgAMADS
CUSTUEEN
AFTER TRDNNGgTION
OF
THE
SCHAFFER
gTSSDTEEDS PATHWAY.
R.A MeKitte^. B.H. Aahwile^ai^dS.iA. Thompson
Braia Research Iastitute, Uaiversity of Zurich, CH-8029 Zurich, Switzerlaad
Seizure are a commot eunsequirtn oot Iobc I trauma, md it hcc beet
cuogBCed that rootal ^^01^23!:^ mny hnarrite lrctito ehmoet it
roeitability. Mature oromotyaic hippocaim>alcultures (>74 days ia vitro/ were
ucrd to mvrstigatc the eapacity ot reeurrett root eoilatrrcic ot CA3 ayrnmidnl
ecils to sprout it repotcr to )rrncrn)ton ot ttr NeOnffer eollnterrl arttwcy
witO n rasor blade. Culture were arimittrn to survive tor varyi.to time before
either injectiiaibiiEiyitn toobservemortr mhb>riesn)cut oriarhb^minoGiDM9
immunoiOiStEhelmtStytoeiulhClttelrgornctrtenux<on. Qlhaatttntveinornior in
drnaritic caines were mvestigated by itjecting CAt erlls with Sueter Yellow
md lmaounr by eutfocal microscopy. Axonal cproutitg within area CA3 wac
evident at 3 days poctnircioa. By 79 dnyc mmy coots poccecsed growth eotcc
md were tound to have growt across th cut to the CAt rcotun. At 3 dnyc
puct-trrncrntioa, detdritic cain^ ot CAt erllc were .1^01X11 rtd thrir
tumber bcgm to duminicO 7 dnyc aoctnirciot. Intrrcci:tnoiy, spite tumber
returnra to eoatrul vEues by 17 dnyc. Fhnnitunni cynnptin ^e^it^ot ot CAt
erlls by c^ul^on in area CA3 wac rceordcd at <79 days joct-leim.
Nprohtunr coovc eohibit^ more cwe^:^^, i.e. autativr precynnp)un buhtoac,
eompnre^ to control axons. Evidatn^ofmmarerncmUtouC[hr^nOCuU ueoittr)uu
relative to inhibitiolt vwithn arrr CA3 was aaparrntt thereby chooecttng a
puccibie role tor aoonal sprouting impost-traumatic epilepsy.
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INHIBITION OF MICROGLIAACTIVAT(ONGDDUN ES
CORTIANeNETNONALCELL K^SA^ER STATUS
GPILEO^UUSi L.S. ChenO jndQ.C. SnvaO HI, Div. of
Neur0logy,ChiId^ensHoepitaILBsAngeiec,Uoiversity of
NDuShhi•nColinomiu. Lob AngAles,CA 90027

Stahteap1lcpeicus(SE)lr asrmcSatedwithaonrd teutonal injury,
whichcanavriBatemrcnopSiu. imeaativored microglia are
capable of kUnne oeusors ay oeiehruno neurotoxic factors.
TSierefore,shiBuadeinmuBhdneuronot celiiocc tNCL) may have
two oompmcntB: seituenrlnduaeO ecNlaImNCL and microgliainmucddseconduIyNOL. To too ^^Sb hyoBUhhrie, we studied the
cOfectofirlhibiriog micnaglia aciivaIigs onNCLnfter SE. Rats
weregiven intruatrilnalinjeotion ot'O.l aimoln kj^inic acid to
lndureG E vrveB ioIefohcontrolIn=6i. Nenronal cell density
(NCD) wascalaulautd in neepcoryicalIaegN. %NCL was defined
ns. Bie differeucoot NJDiNCDbotwioB ex nnmmental and
nontailgeoupsrmeegNCDof costrolOl Mirroglta were identified
byC3 reaeptTrnOX•mO)iusinuiorOistochNHtculiyl SE produced
pru>grcsvlvecoltieaiNCL. NUe WNCC wtn49% 017=6) at day 1,
67% tn=6) aa daadand t0% (na6l atda— h. despite the
nissant o oC shirked ytd^ya or dayh. TtSeprog^.wri ve NCL was
noreelatnO wirhaprogresnivetnoomleeof inicsBgliain the cortex.
Daolinirrfarioo of ooitB (sin egO-O mg/kg/dtn, i.v.) and
nhlorohuine lit.5 mg/kgeda0l1.nCrta.Tre9ned OX-42
immiuooreactioirnacd^ralecwl NCL1p<0.nlI. SWa % NCL was
36% al d lays aNErSE inralo (N=d t boated from day 1 -4; and
was51%ia m^(n:^6) aioarodrrom day B -7. Three data suggest
thal mioroglie va)iaatcd aEtcrSE rigyiircanSiycEetribute to NCL.
Gnrlyinrvrneuilonitl inOibirmrc^ogriatctivario^ Nag eeduce NCL
nOteeGE.

771.16

PHDNDMOCORTJDNL RELATONNS DURNAG PEIANEr^NN ROOM NLEEP TO
GAISEPTJC OATCERN S Nl CATS . N. Dii^mu^nu* . D. gont^era.e rmd M. Sterirdr.
Snb.Neuropycsiot.tSch.MeU.rLauaiUnivetsith-QnegearCana&lAlK 7P4.
Whit spikr-wave (NW/ ptn^ooycm^l activity spun)nnrousty acvelope from s Ibbp
pcdenc it cor)ieu)Oalaaiic eireuhs of atrc)Oetized eats. n surpricitgly high mmScr ot
)Onlamlero^tiral (TC ) truron s arc hypripoiarirad and remain cilrt^t thruhohoui )Ob
crizhre (Nteriade md Conr-eras, 7995). To cOrm birther ligh 1 on thr brhavioe ot CheO
TC ceils, we pprfolrora inUrierllular reeordinge of thalamic nna cortieal nrhrunc atn
cimhh^nrluiuslu ^lxordad the chrfaceu mn arp)O-GGG ^i^v )0' from )Ob related cortieal
areas. Dhriao NW seisur-s, thr. ^oe1obranr pot-Miai ot TC cells rerx)l^n'isra lb^twrrn
rOytOaiic EPNPs, m clocr temporal relation to the depth-positive EEA wave. This
repol£r^;^ai^^u aecrearaU whh nrpolarizmg NCt . mn wac enhanced by hoy>arraEla'isino
DC, thus sugg-stmo a non-GABArrgic origin. Thr repol^j^i^^a wae toi rnuhoO to
nr-^^^cirri^te the Ca1+U' curren t hnderlyiog spikn-hurcis tnd mott TC ceils remainra
cilmt. With slight hsyairpolarizmg DC injeetion . erlls flrra t^]^lnal spikr-bursSs at
ranO drp)tl-nrgaliva EEA wave (crr figurr/. With depolariseng DC. TC nrhrunc ti^rd
cOuiC ^pikr-trains that could lx- errciy cnuaoundea wiih s ^11^(;-1^^c )c in e-teaae-lular
rreonitigs. W^e p^i^lp^ore thal ^hie absence otf S>^^s 1 fli^ir^g m a large proportion ot TC
erllc ic due to die lace: oO a GADDDrgic anmoonent ch^u•ia:trric)ln tor otter forms ot
NW reieures. ^1^^)111X016^ OtREoC Canada fgroe/ MTtr68Vrand the Savoy
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A 4 I^I^OCB^J^SOR APAI^LI.I^IL COMPINreR. USING DIGITAL SIGNAL PROCESSOR CHIPS (DII). APSI^C^lCN^I^iCI^fJ IE RTSDL TDCI TOPOGRAPHIC
M^PIDG IF CPRTIIAL 2SUOte> IIRIAG AMYGDAPDID KINDLING IN
TICS IAT. R. Fernandez Mas mIA.Fernandez-GuardIola*.
Siv. Invest, an ruurociencia8, Inst.MexacI-r TePsiquiatrie. Mexico 143aI, D.F. MCsico.

PACING A ^N<IUTONAS NETWORK \WTH PULSED ELECTRIC FIESDN. T
NrtofOi D.H. Duong ar^tl SJ. SNuff *. DNpaIamarn oO Neueorcehory, Chtidret's

Wr -recribe t.i applicatior iM aeustom ieae-Ied paUMllrlprocesrun Fnrealtiins eindtalsigneF pneiisis in
rxpruimrntaleipreess- (Miriaier ptalis Fe nnatnte the
trmpruet {^t^c^^.cmriintC^c so £ rIe reeeagatIon ef rUSei-disateueIeinduasI Fi taetempotnt lrIeaisypdInr ttthe cerebuet aortex. TIIe rcocessie Ml rIteto UdnaIdtea"cartrrn" rf thepcPdednTCandynaaeit Inorder Ct udanacterize
ttr eftrrdichaeat Ttthaveiy etinmernpoiur rtdoiution,
en- etudythi vrtd^t^j^c^nof ctie ipikein iCr orrSex.
As
ttr KTn-lingdvatCpia, the aarsiiCyMharge ^maeneTa^:^der
en- crmplex Fi rumeiiofths FemTaecsof peeenTrCSon.
Ctr mrtylodgFauMnaetaseretc iC tolormipt ayiehshows
ttr trmprral ecpdnTCanofseCorte tpikes.
Mo eosj^^t^y the
ccmpdtd0ional redTUrmments,Its iTeaIMapppatteU crocessor
beer-on4DSI STeTOMalsFMPIe rcrcessoc) eItpswith a
OcOmP 80millCnn
uie ^Fondt
ICmf imbe genauetr-oneIMPI Fi aattnilirccFsan, allowint iuir real dme
trecPTneoficMpt nsIinterOMtne rncnoIMenc.
tpuCaroceseru et^ot^M^^ I nMPCetinput MnnapeSt.
ThCt mansTryields
mf rOOi-ciem rcarietdistrdbTCaIdOInong caiecreIrsresultiFe Tnevery Mitt ctTrevemenC it aneialtetMoToCtMnand
map erneraTCFn pecUTithISt. uniattSlySupi. SyTGAPA-UNAM.
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NctionaiMadicaiCenter andGigl^geWeihingtonUiuv.lWocUinNtgn, D.C. 20010.
Gnaogenouu electric fields ot active neurom are kktown to part)cipatr in neuronal
synnOroni;Eltion. I n 8.5 o MU [K^Cl, . ia vitro htppocampal brcm clierc ezo^ibit
nrhronai populatim bunctnfirlng that sShcrc p^^s^y^ii^loglnal similarities with
lntrrictal rpilrp)tic spikrc. We have nee-ndy daioonctrctrai that such paE>uiatiOt
cetivity aoum te pace— witti oEhoOromic 81^1^ anddromte stimulation of )Ob tiscur
(J. Nieurophy^s. 73: 876-071, 1915/.. Wr
to daic^oinr whether suet
rntralnorentrhuldte repircBtedtoninevsiyolyserthelnctricfields.
Ttanlvrisse ^l^^e^r^s 9S0 pm thiek were prepared trom the hti^ip^scmp^us ot 725-750
gm temalr SprcohrnDawley rats with c tti^^^^ chopper, md planra m an lnterOanr
type farrtusiot chamber at 33-16.5 0C. Autonomous bhnst firitg wcc inahnem with
0.5 mM [KC1] in the partoecrc. Ahlcea dipole
fields were nrea)ra ^^^0 platinum plate elrn:triaies placid 7 em apart wittm the prnOhCion bath with c tissue
clier in tetworr. Eo)rrnellular reeordings were IalrOormem with noi::ropipettr
rlentroaes.
Twenty-Woi roperioienidl triais were JBifUoroiad on 22 ^lie^i^s trom -t rats.
Nquarr wcvr 611—;^^ Ooi ^I^ pauses were da1luertBr in ttains, O.75-1.3 Hs, O.3-1.O
msm durahot, dellvrring brirt steady state fii^lil^ oO H-80 mm/rnra. It caet
roperiment, by innreas^ng thr ti^ld streno)O, pulse duration. or both, thr respotcr
ot the n<^i^i^<^^ic <n>lhd te erirrrniel into a i: lrelariooiCep with ttie field paUscr. At
OioOe^ it)eat5)t1ee ot pulse screnitt atn d^rctio^, c)rint time lockmg ot stimulus
ctd recpotce was scrrt At ptUici fOt^u<^it^^^c ateve die nnrtletC interburct interval
ot dtetishe,mhrelmmpiexsaEnsilsnresluSB Os Bbsed-ved.
OOrce resultc deroonc)ra)B that a buert)firing aueonomuhc 06^^11 ne)work eat
br entrclnea witt relatively small pui^d e-dcdric fii^iil^.' OOlese i^^^uiie may be
hceOhl in SheunntroloCsuchcyrtrms
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HIPPOCAMHALSEIZURES. jr,_c:Va^svaC*B/a,.]&r{^j^iP -and
G.
. CMBN,RutgersUniversBy, NewBk,NJ07102
H 16-channel silicon probn array was usnd to record field
potentials during seizures in tnh hippoocaupus. Current source density
(TSD) analysis was applied to etlminate the effect of volume
conduction. In the CSD profiles the wave components (< 5J Cz) were
analyzed. Cn ^nplitude vs. depth voetor w<a corlsiructed by
the peak ampHtudes from eeaC CSD channee Saimnon's nno-(inear
projection technique was used to visualize the spptial distribution of
the amplitude vectors in theer ItigUhr dimnnsioeal feature space. The
multidine^nsK^nal location of each amplitude vector was projected and
plotted in three dimension. This method enabled. us to examine the
quasi-trajectory off the eeiicptic afteedischarues. Two different states
were observed in these pplil^is: attractor state and a cootinnously
changing state (TTS). In the a^^^a^ct^^ suae the srajaecory raadomly
chfeutdi within a suboolume of the feature space while in the TTS the
consecuiiee amptituee oectoss usuall. formed a curve chhnginu
toward a detinite dii^^^i^^n and ssowing certain linear tendencies. The
activation patterns of these states were skniiar in d^^f^e^e^^t animals.
Typicanyi the initial TTS phase was followed by an attractor phase.
This first attractos state. representiug toe mam part of the
afterdischarge. turned into a complex CTS. This complex state usually
contained more teae one C(^S segment. Seizures were terminated in
an etongated afti^a<^t^lo^ p^^^. Trratiitonal non-Hnear dynamical al^^fl^s]t
methods were also porfoumed (ffrccal dimonsion calculations oe
original and randomized siunais and recurrence plotsS and they
indicated chaoiis dynamis s dui-ng the attractor phase and noeautonomous dyn<msip s during the TTS. These methods are useful for
the hlassiflcationffofafa^y-tompoaa^ydi-tinolpat-ems.
in

HIPPOCAMPAL AFTERDISCHARGSS Nt THE INTACT RAT: ROLE
OF COUPLED OSCILLATORS. fih Braginfr U. Csipsvari. M. Penrtonnd
and .G.

.MMBN. Rutgern UnivereitniNkwauk,NJ 07102

Epileptic fiekd
and unit activity evoked by perforant path
(PP) oo commi/sural (COM) etimulation were mooitofed in the
CAI-dentete ^^i^i CA3 and eetoohinal reeionn nuhn multisite silicon
probes in freelymovong rats.Boto stimulatioo sites induced 0-6 Hz
rhythmic atterdiphnarees (AD ) with saperimposed gamma (40-100
Hz) oocHlations and 200-000 Hz |x>pulation disaParges. PP-induced
seizures were initiated in the entofhinal cortex-dentate gyrus axis and
later
enttaided hee CA3-CA 1 regioss, whereas COM stimulation
triggered arterdischargea in CCA-CA1 aan entrained the entorhinal^01x ^6^311 gyms. Duong the main part of the seizure all regions
discharged synchronously often without any apparent lead by any of the
regions. Following bii^^^r^^l r^e^c^\^^l oo thh entorhindl cortex tie basic
pattern of AD in theCAS-CCA axis remolnde similar The ptioktp
afterdiapharge klwaya terminated first in the CA1 region i heralded by a
slowly sppeading
00.1 mm/scc|, iow ampihude, 70 Hz oscillation.
Population bbta/ initiation miorated witton the CA3c-a
axis. Nonsynaptic population discharges of CCA pyramidal cees
were
occasionally observedi Bakeet cel Is diphkaredd primarily during the
population spikes whereas other intemeurons sustained iong trains of
fast (>000 Hz) spike trains. We suggest that two seizure inducing
systems exist in thh imnot brami t he CA3-CAA circuhry arnd the
sntofhinai-ddorate netwrrk. Theee osclHatine circuitijee are noroklip
coupled.but tiny mpn alsoaustainafterdinahe/gddindepdnpently.

7755.6
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DYE COUPLING OF NEURONS IN THE HIPPOCAMPUS IMPLIES
A ROLE FOR GAP JUNCTIONS IN EEILEPSY. M Ppnttonen*,

A Braain. A Sik. and G Buzsaki. CMBN, Rutoens University, Newark, NU
07102

In awakn rata hippwcampal epileptic seizures first terminate in thn
CA1 region by a slowly sprenkinn (0.1 mm/sec) (60-80 Hz) fast
oscillation . A likely mechanism responsible for the oscillation ia
electricaI coupling of pyramidal neurons by gap junctions (Bragin et
al.; this meeting). In this experiment we tested this hypotheses by
intracellula r
of biocytin or ndutobiotid into ppramidal
neurons in
ariesthetized rats. Epiieptic afterdischarge was
induced by 200 Hz ssi^ulla^it^n of commissural pathwass oe by local
micropreasure ejection of KCI after dye injection and withdrawal of the
pipette from the ceM. Commissural stimulation or KCI eij^ction induced
a laage intracellular ddtxOarizatiod coupled with eetracellular -DC
shift Rhythmic anterdiachargas erupted during recover from
depolariza0dn. he intact rats <3% of the intected neurons showed
couplinge In rats with artetdischarges >-40% of the labeled pyramidal
cells were dye coupled with oiher pyramidal cells, interdeurons or
astrocytes that were found close to the filied pyramidal neurons.
Electronmicroscopic investigation of gap junctions tbetween dye coupled
cells is under way. We hhpptitesize that gap jundtion-medikted cell
coupling and associated decrease ot the input resistance may be
responsible orr Ute terminationof ppileptiv activity.

LAMINAR AND TOPOGRACCITAL ANALYSIS OF PERIRHINAL
TORTEX KINDLING IN TCE RAT. L.Ls Felstead* , M.E. Kelly and
D.C. Mcintare. Psycho^y Dept , Tarieton Zniv. , Ottawas Ont.,
SfnadalKl S5B6.
Recently we reported rear the rate of krndlinu in the anterior perirhinal
cortex was faster thia aH othetl lm0icstsuriures. Equally important the
latencies to foretimb clo-us from stimulus onset of these peririh]efl
coevulsion s were 1x ^1010^ brief (<1 s). These two results sug^s^d
rhar the fp^rrrhieal (cortex might have direct access to motor systems. Our
subsequent anatomtfal studees confilmtad thus orediirtloe by showi-u
dense perirhinaS projections to the frOT-aa moeoe cootex, oeiginat]nu
principany in the layer V cclll. AlsOs we obseroed thaS the entire
rosrrohfudal extent of the perirhinal cortex projected to the frontal cortex.
In the ppesent sttidy, we daletemned whether the laminar differences we
observed ie tlte peinrhinofronrf.l poooecrions were associated with
aiffereneps in kied^nu profiles when the krndlinu elecrroaes were
restricted to differenS penrhinaS laminee. In addition, we assessed
whether the entire rosrrocfudal extenS of the per]rhinal cortex shared the
prev,iiotille obserwed rapid kindlinu/short latency profile. The resrlrt
indicated that kindling electrodes l^^e^d in the perirei-^al layers V/VI
produced ki^din^g rates of 1-2 trials comfarred to rates of 4-8 rrifls when
electrodes were located sroerficia^y in layers I/III. Further, the rapid
uen^is of kiealinu was characteristic of the entire rosrrocaudal extern of
the fxrireinal cortex. This laminas and tooouraphtaal ana^s s fS toe
0e^rhlnal cortex provi des further r support Oor the oiew that reis cortex
miuht seeoe as the main conduit for Hmbic discharges to uain access to
the motorsr^uctuepsifairopportlimbickinalcO convulsions.

772.7
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INTRINSIC RESPONSES HND MORPCOLOGtTAL FEATURES OF
NEZRONS IN TCE RAT PERIIRCINHA CORTEXs R.A s Battye* and
DT McCntyre. Psychology Depts Carleton Z-]v . , Ottawa s Ont.,
Ta-adaKl 5 5B6.
R^^^nS interesS in the perirhinal cortex resulp from its mooloemenS ie
memoy, and its ability to r^dly develop kindled seizures with short
latencees. Tee seizuee da! sruuesnde direcS connections between the
0erirhinaI cortex and motor systems. We confirmed thus sruutssiion in
anatomCd! s^dess, wheee layer V cells were shown to project densely
to the ffon-if moOor chrthx. Although littln was known abouS these
cellSs Beggs & Kainss (Brain Res., 665:118-32, 11994) recently described
seoeraS features of per]ihinal cells that we confirm here and extend. In
the present study, i^tracelluarr recoddiugs wme maee from oves 6J
0erirhinal ceHs in a coronal sHce preparation (Mc-ntyee & Wong , J.
NsurophysioL, 55:1295-1307, 1986) s Intrinsic membr^i^e responses
were studied with danola^izinu and helotrpolf^ing currenS steps.
Subs<qtuently, mot t ceHs were injected with 1-2% biocytin to v^^ualize
their moroeologyl
spikmg' was the most characteristic featere
of the sm£al, lafae SIIpyramiddlceill. AHditionally, these d^e^c^ir^icanyslight layes III cells showed no aaodal break response after
eyie2opolarining current iatcceioe- Convelrelyi toe large, teecr V
0yramidal cells frequently displayed 4-^8^ bursting' to depolarizinu
curren t tnjthition at their restinu potentials which hefeged into sinule
spike mode when their membrane was held at more depolarized oalues.
Thcee dendritifalln-hxteonive User V eeris ^haays showdd a
deixllariziug mood’! It^r^k resix:ntse. t t is these intrinsic bursting layer
V cells t^at project extensioely to the fro^Ull motos cortex and may be
resiX)nsibleUeop^ojectinglimbic hiscUepgeslnto Shuirronvuiuivo form.

AAr^^^II^^i^TABN OF AMYGDALA KINDLED dDO^'^^IASIOBS
BY UNILATERAL CORTICAL SPREADING DEPRESSIONs ME
Kelly v, R.A. Battye aad D.C. McCn-yre. Pspcholoua Dept., Carleton
Zniv.lOrtawa, Ontauo,Caaada K16 5B6.
Ks-^illil^g in the rat forebrain results in developmenS of motor seizures
that involoe biiateral fooetimb doms. Several invesriuaioss eavn
Ousi^ula^^d tha S the motor substrates tiiaS support aed arioe rhete clonic
resfo^ns^s may i^n^^ic^e in the fro-tal corteXs t t is known thaS all limbic
tir^t^s haoe direct or indirect access to the fi^i^^tal motor reuionss aed that
transection oS the anterior half of the corpus callosum is successfuS ie
lateranziug tonlted moOrr seeress to the limbs cuntraiatefal Os the
ksnill^d site. In the present study, we determined the inoolvement o S the
Oi*o^nfal cortex ie the eeppession of foue^mb cConus triguered durinu
amygdala kindiiug in the rat. One day following the third staue-5
honouision, ^iie<^diug depepssion (SD) was indued! m the frontal cortex
eithes ipsilateraS or contralateraS to the kmdled amygdala. SD was
achieved vte a 2
lniaetion of 25<% KCT Sn-o aa Sn-racranial cannula
0eimaneny y iotsitioead aOoe e toe dura mate r oves toe fronifll cortex.
Three min following the infusion of KTL, the amyudala was stimulated
at its poevious dterdiscearue (AD) teres^oldl t t was o^r^^^^^’tan thaS SD
in the fron-tal cortex Chn-ralateral to tote stirJ^l^tl^fr^d amygdala lateralized
the clonic convrlsion s similar to split-brain rats, witeouS affecting the
AD durations 00^0^^, SD in the ipsilateral frontal cortex blocked
toe convulsion and truncated the amaudaia ADs These afra st^onula
implicate the fron^l motor reuions as (a) critical to t^e manifestation of
the forelimb clonus drrinu limbic kindled seizures and (b) impor-a-nS ie
toeelaiorrationontheipsllatera(iy-irigeareOamyfdala AD.
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RADIAL /ARM MAZE PERFORMANCE ACTER PARTIM, HIPPOCAMPAL
KINDLING L. Stan Lung*, D. Brzozowki, D. Young and B. Shen Dept.
Physiology ictd Cfinical Neuuological Ssiences, University of Western Ontario,
London.NbAAAS.Cadada.
In previous studies (I^tje^^’v Brain Rer 40: 11, 1990; Hip{xo:ampus 4: 696,
1994), we found that r^rts that weee prrviously trained on a radial arm maze
(FAA) with external cues showed a ’retention’ deficit for up to 25 cdays after
partial kindling of the hipjpocunpai CA1 (15 afteedischargess (ADs) over 3 cdcys).
The partially baited 8-arm FAA was used in the following 3 eejrsriments: (1) to
find the minimal number of ADs requir&d for RAM deficits; (2’ to test if RAM
deficits are a’so found in Jan totemaC cue nmae; sard (3) to teeswehthee aaquusition
is aCft^itel by kks^iit^t^. Tor the first two exj^nments. rats were trained on an
external cue TAM with 0 anms bailed, and rested for a week byeore
kindling. In the 1st experiment. FAM deficits, mainly in reference meem)^, were
found in rats within 1 week after 5 or 19 hipppxqrmpal ADs, and at 3 weeks only
after 10 ADs. In the 2nd exjp;riment, the rats were trained on an ex Jemal cue
maze aid an internal ecu nmae before kintiing. The internal cue maze had
minimal extramaze cues, and the 4 byh^ arms wiih inte;rtal cues fe.g. carpet,
sandpaper. etc. on the Ami wwre shh^^^ed before each trial. After
kindling (15 ADs), rats showed deficits only on the external but not the internal
cue mace, consistdgt with tf^^ literature on hlppenqmpal leeson. hi the 3rd
experiment. ras were f^^^t tian^ntdl on a RAM in one rmm, then kindled, tard
acquisition on the FAM with a different set of baited arms was conducted in a
new room. There was no difference in the aaqlesition
between kindled and
control rats. In cqngiusSont partial lupipnqrmpal kmdiing disrupted the peeeo^mrtce
of a previously learned external cue FAM but not that of an innerml cue RAM.
The acquisition of a new RAM does not sssrm to depend on whether rats are
partiallyktnd;edotnot.iPupidirtttlbsN3 35383).

MCSSY

772.11

MOSSYFIBERSPROlL^INGiRL) PARTO^TRLPPRH IHNLLILINTTE
FAT FOLLOWNG FANNRECTIONOHRHEFFMF-OIC-FORNIX. P.

Moharxll*’ D.K. Hac-messon. L.L. AArntaae &M.E. Co1qxrran . Dept. of Psychologyt
UnsveItiity ofVixeorip, BOB 0050c Victoria. BC,C5uWsV8W 3P5.
The anomalous sproufing of mossy fibers texm dentate granule cells has been
identified in human epiieptics tard sadvted ssiizJre moXe;l. It is uunatown whether
mossy fiber sprouting cncurs ft^lil^'wtgg suixqxrtsqal denervation of the hipieoqanpua
(HPC^. via ttecgs^tiog of thefi^mriarfo^nx (FF). Previous research hf deelx>nst^ated
edImrgMntt changes in epfleptic e;e;qri<crl adtivtiy, neurochrmistry. and morpgxlxgy in
the HPC following OO lesions (^^^jki et ah, 1198; SOCitnttt et 31.41993). In our first
expdrs^egit. we attemptedS to map out the distribution of Timm granules in the
supragIrniular regfon oS the HPC and to pho thh ’i^n-cqu5Iat of speerUtng dede;opmeni

following OO tranadction in rats. Mossy fibres sp'rouSing was first evident only in the
dorsal aspect of the HPC, at atom 14 dayspontFO)es;oXi 'The distrib5tion of Timm
granules was of moderate proportions wiih a (crntin5X5a yet patchy pattern of granules
being observed in the suprcgicmular region bst^^n tips md cress of the dentate
gyrus. Teledegrxeofrpsgutisg Oidnotappydsto ter gre0tecat3O ddyopost lesion.
In a sseond eejpriment we impPlatted biiateral electrodes into the peteforani path, the
erie:au7 cmtiod pathway into the HPC, 3)0 deys fonoowng FO teltong. Kindling
stimulalton was administerd dai^y until generalized sdieu^eA were elicited.
RflerdS^q:ha^de dereeXoiSs were sijnnfirnnlly tower in FF lftondd rate , i^iit we found
no significant dsftdren<dts in kindling rates between FO lesioned and non-lesioned rats.
OO lesioned kindld rate exhibtsd a qxgfineous and etgsd band of Timm granules that
seagg;d into the inner molecular layer and was consistegt throughout the entire HOC.
Lnn-lesioned kindli! rate eemxnsrrated only moderate sprouting , simfler to the degree
oytsevle’ with not-kindld lesioned rats. n^is^ Itselite suggest that FO tieagsdqtIxgs
and perfoirntt path kigelsgg can independently induce mossy fiber sprouting. md in
cxmbinalionproducaedSitiveeffectei SuptblrtEaby MRC.
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KINDLING. j.^QL. Amsirage*. E.M . Jdgkita. & M.E. Coreo^I«i.

Psychology, University of Victoria, ACB

3P5.
Anomaloussprouting of

Ddef. of

Victoria, BC, Canada 58W

albe^shiasbeendetect<diinttiesuprag^anul2rI

area of the deniare gyrus afer kindling or kainic acid-induced seizures and in
tissue

tfken Stere seriedtswiti■iepiiepsy. R€eqnt ft^gir^t^s suggest

that mossy fiber s^]^^^^igg is

during the early stages of kindling and

becomes mors prominent with tihe development of emvulsivs seizures
(Cavazos et aa., 19911. Bsqauad aernetIgg age qnnvdgfInnal kindling have
similar time lqrursdt, it is difficuR to detenninewhether sprouting is invariably
01X111111 with kmdllng.

frduedgqy)

To address hiss S^^i^<tl w^e etdd a rapid (low-

^^^^di^^g paradigm to de^^e^rmiii^e wgdige^ ths tims courses of

sprouting and eInelit^giX^i^lei^elSit^^slftdd.
We i^I^i^r^1^(de bliaier^ e;lrq^od<di into the rrey^l^c^^a rrrerti OrwIfIsuesgqs

(3 H;t) el^^l^ricail stimulation wa administered nnqd d^i^y until the first
gsgsrrllzsd stage 5 ra;seie werkingledl Twenty-four hours later, brains were
eederrse fo^ Timm saiftde;ISlver stelnlngi
Yoked qxniroi rate carrise

electrodes and were h^Killdi bbu diil nno ^1^70 stin^eiarion. Altgnegg spars;
Timm granules were observed in ths supragragelar arsa, thr amnegi of mntts

fiber terneiIgg dieno’dtl^eerbiWddgnklddlddlddlnmxol^ate.
Cur results suggest hiitt I^l^i>ie k^^n^lir^g of ngd gdndealizse stags 5 seizure
can occur inheabsenceoS promldtnt maasy fibetsprostmg.
(Supported by tgdMsdiqllRet5erI^chCouncil
Cmila)
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INHlBITIONOF a MYGDALA^ NDDLGIN INRTARAT BY
CHTO^flCAE^^/^OFCA^]^IC(^I.IA^ARHR’TlCE^<^i^IT'OR
(mGl^)^I^O(^IALEE. R B Birach*, E^.^eeB;F B.A.Thiede.
X.Y. Xl^<^l^it,gedlPS.Gre^r^^xeoL■ Depesnnxot ouNeurology.
UgiversimoS NotghCaroiina,ChasHS Hifl,NC97599
RltgnughN- meihyLDterptn■te(LADRStA)receptosactigationaapna^s to
play arete inidedevxtoemfnt ofteeelnditaistaiei thnre’cendenessengers
igvnlvselandgderotn oemGluRg igSeeqraalgrshavendtbeenetocicWe’I. We
esndlld ratrusinddlmld000 |sAbiphaeicpr]setfalee, ndnudistered via
afereotacticallyimpladted ^yneglrreaqirrddadIg. ThesetsctivemGluR
agfagontft(+)-iephemgs4I0’4■rey0xllehtnsnylglndlne M+MCPG) was
qgennically iItiu;tedinrcdrsy•eb^oveniriculrrlavieosqtetrciu.leiaumps.
Cnmpar;etwlhhtha sIereoleoenateedd^ugfreg enntroISlPMCPGratr had a
aignOiianfllydqcrasrKlefdteofralsniing.+MCPG raterdquiKgS sigiuficantly
morestimuSirorlqtcartage 5. +MGPG satsalsusrsellirrr1^torestimulito reach
afagd3seizusas. Attheti^wgegan b^l buton ennrtsianimrd were fully
eindlledl50%oftde mGluRaermatrrad notgdathadstage 5 eeizures.
RfterdS!cgrerdeUIrtstions(LDs) weresholSgrtn5Ee +MCPGrateaed’l time
enintelbut were eimiImwgenaemddredbnksndlings’agd.InSgrlstingly| initial
atferdi!q:herdeth^esheidsweremoderatelydecseayyd bymGilrqbiockade.
Hgerewasxovsedenceeo^vdverreeffacte on rhi: eaumale,;temeeslmed by
begaviotlWatesinekeendemlWwgights. The^ldutl5essuggeseex important
rnidformGiTasrn medtatinhthlplasticghangesreqloreddodthedeediopment
of thdkrndeedstate.RscentdaiUigtggestr tLatDFSDAendTG;iSe reseptors
cooperate ks medisting5entonelplqsticghanHte. Tdqateaesnisms which
LMLRindd mGiuRactivationgntclnce!toSzerepropogationsnd imdsing, as
wrllas ihenf’tgiitioleortdeeafisticeiTedes 5teunderrusSherstudy.

772.13

772.14

QUENCHING: IHHITICION OF LEVELOEMLHT AND RXPFESSION CO
AMYGDALA KINDLED SEIZURES WITH LOW FREQIUENCY SIMULATION
S.R.B ’ Weiss* . X.L . Li. J. B, Rooem H. Li. T, ’11X11;.. R, M, PAri BIologiqal
Otsqhiaes'Brgneh, ^AMH,Betherda, Md.80892
Using low freuedgqy siImulasion parameects , similer or those that induce togg-tsriTi
ede^^;^.s:sr:gr (LTD’ or eeeo;ensialros in vitro. we attempted to alter amygdala kindling
in vivo. Malt Sprague Dawley rats were implanted wtth ^l^rrods s it hie left
amygdala , md kindled onceeCsd wthi 60Hz, biphascc quaere wvee uussesfor t sec at
their atiereitqgarge (AD) thretgnle. Immedrately after the cessaeon of afte^diaqgargd
or seizure activity, "quenching’ tiimuatsios was aeministeded through die same
dldcerdie fo’ 15 minutes at a treueegcy of 1 Hz, using a 0.1 msec peltdwidth. and at
intenitly of 100gA over the AD thredhgld. ControLs received tithe’ to durrett
IsgamtfSimula0on) or fog. 61^1^ y ssimulallnn (000 Hz , .01 msec pi^;^^'wieig,
100pA + AID threshold) for 15 miili^if^^. All of the sham- (n=4) md high-freueegqsstimulated (g=4) animals kindled, developing increasing attdreischa^ges and seizures
within 10-14 days of stimulation. In qxnIraft, 7 of the 8 rats that received quenching
stimulation did not exhibit attdreisqharge or seizure progresston, athtouhh al 1 of thest
rass exgibtedl ADs on day 1 orstimeiation. The atteeeisqgarge tgreshoiSs o S tht
kindled comro 1 groups decraasdd 0 r stayed the same after kindling . while they
markcdl. increaeed m the animals that were quenched. Thss etftqit persisted for
several weeks after quenching was discogilguee and kindling stimulation resumed. In
fully kige^l^^e animass. a week of quenching (wiignei cngcerrenl kindting’ resutted in
an increase in the AD ig^eshoid and a long lasting (>’ week adl up to 7 weeks in
tnme animass’ decrease in the seizure retpxgse to thr orIgigal kindling stimulus.
Thisdid nflix:curia seimslsgivanseam stimxiationtdr one week.
These findings edmonsrrfts that ttimulatios usmg LTDlhde parameters in vivo gaa
profound
on amygdala kindled seizure ddvdiopment. dxprdaslon and thrdagoleSS’
Whetherr quenchm. te redqhansfIica^y relareS to eiher LTD or depoidgiiation requires
further study. The marked and long-lasting etteqa of quenching suggest possible
clintoll appliralions oot onl. for epilepsy . but also for ool^^r ngeeepsychiafriq
disordets iederciI;rcshelepgxeema nm m br cecredi lnitineeseregidence.

RSSRNTI/L.. RMINO ACID (AA) DEFICIENCY LCWRFS SEIZUFR
THRESHOID} IN THE FAT: A NOV^L FORM OF JGNDLING? D.W. Gietzet*
K.D. Dixon , B.G . Trnong . J.A. Barrett, A.C. Jonss inid D. Waagbun■i. Dept Vet
RnatPhasiol &Cell B lalaTnFiyitdedtoke Lab.UC Davis JA avisCA 95616.
Ldurorraneniteter AAs, lql5edigg GARA,giu,aep mid gly, and dismpitons of AA
metdixliSsm have been implicated in the ngd5rxhemistr•s of ss;leireSt but nuiritiotaiiy
essentia’ AAs have attracted Ies arientiot. Thr miterioe piriforat qxrirx (APC)’ aka
H;me;esras ’ ss bDth highly excitable (Firs^trs &t Gale Nature 317’ Sd3 ’85)
did activati! by acute sssdnfial AA drficirncy (Gietzen J Nutr 123. S10 ’93).
aqtivaSlon oS (^^r AOC in chronic dietary AA deficirtcs could cause
kindiing. 'Iberorore, we tested seizure igr;Ahold to peniyleneteraenll (FT'a )) given ip,
and to bicucu^l^i^r^e (BIC) itjeqiee into the AOC, it eAeniirl AA deficient (DRF)
It 7 trials, rate wrre fed defined dirte with OIRRa (devoid of a single essential AA)
rs ige sole protein sourer for at ll^t 2 wweks tefore testing. Thr limiting AAs
(n5mises oS t^r^^£il55t were. his (3), ile (2) tard thr (2X Subiihesgnid dotda, OT^’ N5
e^g;e^g 5- 5 mgk.g Incremertts or BIC:: 5S pmol + 10 pmol increments were given
u^ntl’ tdItuIres,
>. 2, wne bsseivedforat lasst 5 ssc. it he last d trials, pairfed groups were igcli^t^^ to ^1^0’ for at energy deficit dur to reduced intake of
the diets. Cver all 7 trials, thr AA DEO rats h^d reriuced ^ezure threshold. rs stem
it lower eoaes of PTZ or BIC required to ii^t^i^c^<e sa;lZ5reSt more severe sdieur;A at
aubthreghoid lr<t^tz, fti’ i^^^^rdd lfteqsy to s^zurre. in Ii -^^I 6. Thr DD rats
(N = 8/gp)eested whh UTZ p) hu^d signtficgntly shorter iatenyy to stege >. d seizure
(88± 8 ntn vs 11’±7 min for thr (control and 118±9 min ^crs the pair fed group.
p = 0.05). to isd^l 7. ile DRO rate given BIC into the AC nr^c^^rd >_ ^d^g^e d
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t^izurs^s at 72.9±3. 6 pmo,, whlle control and p^iir fed grox5erequi5iId>(90.0±7.S
pmo’ to reach the rame sa;leire llvel (p_< 0.05) . ^us ,
. ile and the defiqidnqieA
each inci^^i^ seizuire s5tqeptibliily m the rat. S5epxIirdbs the Epnepsy Foundation
ofAmenca;NIDDK75747 to )hnFood1niakeLaL viaUCNavi. CNRU.

WEDNESDAY PM

EPILEPSY:

7721.15

RGDS TETRAPEPTIDE FACILITATES HIPPOCAMPAL IN VITRO KINDLING:
EVIDENCE FOR INTEGRIN MEDIATED PHYSIOLOGICAL STABILITY.
S.Grooms* and L.S.Jones, Dept. of Developmental Biology & .Adtomy, Univ. South
Carolina,Sch.of Med., Columbia, SC 29208.
Lntegrins mediate cell/cell and cell/matrix interaction. and also participate in the
transduction of information from ttw eett-aceUular ttivironment to the inttatcelljlar
milieu. As mny eetracellular matrix (ECM) molecules contain the conerved amino
acid seeqience wg-gly-asp-ser (RGDS) ait ttw innegrin rrcoigniion siie, intrgrin-ECM
binding can be disrupted using RGDS molecules. In this study, we have used the
RGDS tetrapeptide to examine a potential role for integrins in an animal model of
epileptogenesis termed in vitro lc^l^g. 6S5 fum Ihfpxocampal slices were stimulated
via ttei SclhJfer coUHtcras (SCcs , onl eetraccillular recordings were made from
stratum pyramidale of CA1 and CA3U. All slices were monitored for 15 min via
input/output curves in a submersion chamber with contant flow (4-5 ml/min) for 15
min. Silces were then reduced to a ree^^c^lii^jg subu^eirsion cieanber (4.5-6 iT/niin),
monitored for one hour, and then stimulated with a maximum of 6 train through the
SCs delivered dt ffvv nmnite in^^eraas. Exf^rimtal groups were washed in ImM
RGDS or tthe imlclive- tigl^apeptide GGGG for one hour prior to in vi/ro Umlllng. The
control tetrapeptidg had no effect on in vitro kindling, Uut in the presence of the
RGDS tte^t^peptide, there was a siJatisticAlly significant decrease in the number of
stimulus trains required to irnluce s)x)nltarexus bursting. In addition, the RGDS-treated
slices displayed a ssiguficant UKrease in ttwi raae of bursts ppcoduced ssportanously.
The period of s)xxnuraxr; 1x1^^ aLlo incrceuixl dxruTUicaily in RGDS--reated
slices. Our results indicate that in ttw presence of tthe <xxm^itive pej^ide,
hippocampal slices become hyperexcited over time, indicating that interfering with
ECM-integrin binding may alter neuronal stability. Because disruption of the ECMintegrin interaction appears to unseam
excitability, these results suggest that
rntegctn Tulypsrticia>ateid urxnunalnigtdgrng Uu'oughGIRGDSbisiding site.
Work supported yyNINDSNS27303.
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EFFECT OF KINDLING ON CALCIUM CURRENTS IN ADRENALECTOMIZED
AND ADRENALLY INTACT RATS. H.
. Mulder2* . E.R. De Kloet1
and M. Joels2. ^Med. Pharma<o>l.,Univ. of Leiden, 2300 RA Leiden; 2Dept.
Exp. Zoology, Univ. of Amsterdam, 1098SM Amsterdam .TeeNeteerlneds.
Stress is known to affect the incidence and nature of seizures in epileptic
patients.To study the effect of corticosteroid hormones on epilepsy we used
an animal model for temporal lobe epilepsy, i.e. kindling. Via electrodes
implanted in the hippocampal Schaffer collaterals, male Wister rats were
tetanized twice daily with 50 Hzstimulation frequency for two seconds with a
current intensity of 300 pA. After the tenth class 5 seizure a^ccc^r^ding to the
scale of Racine, the rats were full^kim^^c^. ThteetofOlJrweeksiaret rarswete
either aerNnalNctomizNe or sham operated. Five to seven days later the
animals were sacrificed. Four experimental groups were investigated: nonkindled sham operated, kindled sham operated, non-kindled ADX and
kindled ADX rats. Of these groups a number of parameters were studied,
including the properties oil voyage-gated calcium currents in CA1 neurons,
with the in-situ patch-clamp technique in the slice. Kindling and ADX
increased the amplitude of low threshold calcium (LTC) currents. Voltage
properties and kinetics of (in)activation were not affected. Adrenalectomy of
the kindled rats however did not further increase the LTCcurrents, indicating
that ADX is not acting dynergistk^lly. Ina^i^tr;aj^t toti^^LT^•^(^l^l^r^^l^ti^, kindllng
caused a decrease of the high thheshold calcium (HTC) currents.
Adrenalectomy did not affect these HTC-ajrrents, nether in the gon-kir■ellNe
nor in the kindled rate. The expression of mRNA for voltage gated Cachannel subunits and corticosteroid receptors in the kindled and ADX rats is
present under investigat'Kon. Previously we reported that L^-channels are
mainly located in the eNgdritesofpyramidal CA1 neurons: Hro-channels can
be found near the .soma. Wn tentatively conclude that both kindling and ADX
particullrrrylrgreasd<crc^Jm i^fluuintheNendreicregion,gn araa whetNal soa
considerable part of the synaptteallyirgrec€NrCa-influu t
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ELECTRICALKINDLIRGICACLOC2ACNDWIHC A LASNING
INCREASEINTHE EXRACCELUULARVEVELF OFKYNURCNIC
ACID INTHERAT H^LOCAMPUS.tRienhwercz* OL-O. Wu. 2A.
Mxdnx and 2A . Vezann i. fMgrulmdgsychCatRg ReseanhCenter,
Balrtmxrg,MN21228 nxd fMaxisNcgrtInsttlute fo^PTasmxcolooical
RgsgarceLabourlsryoINeoxouCmrmacolorf.MUanOlltaly.
TWe gxtr^eltuiareagelsukkyngnenic xciO(KANAt,dnendxr)nous
broad )pgctrumexcitaloranminotx.cg eecxrto^atxn)onistwtrh antidgurxtxxicMldnnllxdnvuisantrctiyirylWerel)iSgxsudnymrnuodtslysis in
tWi hixpocampurufkingledratL One wuukaflgrlTesomn1xtion of
umygdaluorhipxounmuaikind^ng astege Xiluicunsenueod tomc-clonic
convulsions), thoextacce^uioscogdtntrxtixuoFKCNA wss 1,711 0.1fold highestUdntnshn-XxepeexreXcon)sols (P <0.01). This emest was
observed to thoaTneextenninlhe Pippmxmpxs ipeilaruraland aontralutgcul to thneesctsicni rtimulatiof. MxagovnelWherpas 50 jiM veratridtne,appllxdth^oughlheprobeirsgdg6duxtrucu^oYIKYNAby 28%
wireid1htnxdnlroir)(sr<<0.0n)l urrarndinuw^ifnefegctivein stage
5 kindled rate .Dnninelhdiul1iWphaxusofXiumxalmp^kindling (stage
S: srergxtgpies, lrCraclidx o U aforelimgt,exlrauenOY- KYNASevels and
the
rufverairtdennwese simiixstocxntrAe. Ttie nrivity of
OYNA’s biosynthetinneznmnikyngneniaeamtnotralra)gmei winch is
xrgUgrenriallylcaaeegxdia rrXtogliXtdtX notdgendeinthxhipTPrampus
ong nggkurlcrsaaee5setzusus. Theredate Cudicatgwtnnhairugdlibera0^ xfKFS2Afxnm Pippucampai cxlrogyret doetonpimnld^nen) of its
dxrmalreguiatory mseUannmsrnfy1iy dlgdludnaimAei Taima^f be of
rgliv^s^g fortgexdnlrol ofsxuilatouTaminoacldxrxeutds function
duringepileptogngesis.
SuxpxrtgdbyUSPHSsudnINS16102.
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ELECTRICAL STIMULATINN OF DISCRETE REGIONS IN THE RODENT
AMYGDALA ELICITS DIFFERENCES IN SEIZURE DEVELOPMENT AND
RESPONSIV^Y. M. Sitooske. J.B. Roenn . S.R.B . Weiss. R.M. Post* Biological
P)ychiuLryBnnlch, NIMH,Begixadf,MS.20S92
This study examined whether elecicicaily stimuiatigg diferennt nudei in the
amygdaia would produce changes in aaterdiscWarge threshold (AD. and secure
development. Male rats were implanted with electndies aimed at the basolateraI (BL)
and central (Ce) nudei aad the smngdaiox)riatai (AmS) zone. The animals were
stimulated once/day wthi 67 Hz , biphaiis peak os
square wave current fos 1 sec.
The AD threshold vuire) were determined prior to kindling to match and divide the
animals into 2 groups. Rats were ttien kindl<d aa rheseSold oo .suprath-esholX (800pA)
cmem tdiensitieu. Data from 5S animals show that the AD tr^eeshold) elicited from
the three regions diff^fered from one anotiter prior to kimlllng ((<47771). The mean AD
tercsWoid for the BL nucleus was S4pA; the AmS area was 222yA, and the Ce
nucleus was 435|uA. Once kindled, AD tfwesWolds were redetermined, Kindling at
)rpcuthreshokl curron t rerulted in an incresee in Wcreehold nr the BL and Ce nuclei
(p<7.75) but not in the AmS zone. TTiese findings are consistent with the erlier work
of Pinel and aasix.;iates (1*07-4), and suggest that kimying alt ttreshold vs sspxathreseold
cun-eni intensities elicits different neuropeysiologiual and Utxceemicsl action. . In
addition , although the AD threseoidr in the Ce nucleus were the highest, this area
required fewer number of ADs than the BL nucleus to (produce ti'iiree consecutive stage
5 ssizures aa eiehei stiltrntaiion inlennity, ssugesting the relationship between
iere)eoIdandkindiingsulceptibilitsixcpmplex.
The BL, AmS, and Ce region coxlrin cells wkh disiincl mol■pholxgtes and
projection pathways . Aihloghh Gcxldrrd (1969. originally proposed that stimulation
of any regton witltin thh amnggxis proOxred relstively 8^^ kindled secure
progression , we and others (Le Gal La Salle, 192S; Gilbert, 1021; Cain, 100S) are
finding that differences do exist within the amygdala and deiinguting these may further
our undgrsiadding of the anatomical progressron of setzrce developmen t and its
Utxcegmtcalimdlghianioralxnslqugdnces.
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ROLE OF MRWL GROWTH FACTOR ON KODLING AMD KIHDLINGINDUCED MOSSYFffiERSOROATIRG
Mona Sae.gar1*, BetW A. CHeckS, Kashif Rashid1, Catarina E.E.M. Van der
Zii1, Jack DiuTXdX1, Margaret Fahnestock1, and Ronald J. Oustde2.
1 Department of Biomedical Sciences and 2Department of Psychology,
McMasterUnivrrsity, Hamilton,Ontario,Canada L8N 3Z5.
Repeated subconvulsive electrical stimulation of certain areas of the
fxrebran leads to k^i^li^ng, a ppogressive and ppemiaugnt amplificatixd oof
evoked epleeptiXbTO lsttivtty which is a model for hiunan temporal lobe
epilepsy. Knydlmn niducer synWlerir of nervi growth factor (NGF) protein
and iTHA. In adcXnoxnnmxiyfibblsproxUnd onnfuudtioxdt synnpXog<gnest)
Wave been oobeeved in rhellippxxsmTUS of 0^1X1 oiu ^^^. We have shown
tWat intraventricular 1X1^8001X11 of fantibodigs and pqrtide ^altagont)r) oof
NGF retard wTygXulxtd kindling ;und bli^c^lc kmdllng-indusgd mossy fiber
sproutnig . oo dtlCTnlne whethrr NGF can enhance the development off
kindling and lkn(Xlng-iuss:>lCiUrel spxrxtind,raasreesevind ind■saentriculur NGF
or saline wore kii^l^leer in the aanggxia- bbtwwe-ddiay stimTtatioxn. Ruts
ceceteidg ini^cuegllricldlrNGF scgutred fewCT ((^.7:t 0.9) stimulations to reach
the fully kindled state than ratt relieving ssilne (13.. ± 0.90. FoHowing
kindling, sproutdtg of the mossy f^b>^s into the stratum oriins of the CA3
region of the hippocampus is measured by Titt s);atningl and kindlinginduigd Wixpxsanpar X<Tiage is assessed by perfxrTldlg total cell counts for
the Wilus. Timm stanting ard cell counting analyses are in progress und
XreltTidacg d^ wiilbueeportcd. 0Lrfmdmds rf^iee demonstrate the role of
NGF tdkdldtlng.
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CHOLINERGIC NEUROPHARMACOLOGY
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CORRELATION BETWEEN THE EXPRESSION OF NICOTINIC ACETYLCHOLINE RECEPTOR a^SUBUNTT mRNIA AND TAU-PROTEIN IN THE
CORTEX OF ALZHEIMER PATIENTS. A. Wevers1*. C, Lobron2. M. Ghobrial3.
E. Giacobini4. P. Gass5 A. Maelicke2 and H, Sshribder1. Hnst. II fur Anatomie,
Univ. zu Koln, 50931 Kcbn, FRG.2Inst. fur Physiol. Chomie und Pathobrochemie.
Univ. Mainz, 55128 Mainz, FRG, Deett. ob ^PPthology an, ^pPotmacologs,
SbntOern liiinois Univ. Ssh. Mel., SstingfielO, IL, ULA,5lnst. fun Neenooathologie.
Univ. Heidelberg,6919OHdiddOerR, FRG
Connges in the eepfession of nicotinic anhtyichoiine receptor (nAdiR) onve been
nirone the ffros roearted neenochemionI landmarks of Alzheimer's disease (AD). Toe
nvniinbiiity bf nACOR snbnnit specific nnoieio noid probes ons aliowrd to ifivessiggtr
toe subnnitgeneeaotesoignand i te reibti obto oatboloi inti intracd lulagchanges.
In situ hohridizod^s were performed o- autopsy tissue of the super-ibt fr^o^^tni gyrus
bf AD branas (n6) ang aaetmattOed corgi-obs (n=50, uumg a digebigeein-labded a4
eACoR subneit-saecific riboprobe. Hybrid. were visualized by ae alkaline phosphatnse-hbnaled digoxigenin nntibody. Simultenosus dtthcOg n f f tau-protei n or ginai fibrillary acidic p-orein wan anhieeee tys ubsequnei i n—irero i mmuneoaroxidase techniqne.
As reported eariirr, a4 mRNA was detected in mmy nesroes bf ail cortioai layers.
We did nob obberve generni changes in the dintribstioe bf a4 ssbseit nACoR expressing neuro-s in AD as compared to coi ^-i^o Is . Correspoedieg to toe density of strnctures expressing tau prolein, the nnmbee ob cd HiRNA-containing apioni dendrites wns
deorensed in AD, espeoiniiy in the pyramidni ceiis of layer II/HI. Neurons font were
oenviiy labeeed forte etau-bfotn inpopsessed f ttieasnood ^RNA.
Toe present resnits underiiee foe importaeoe bf the relation between the expression
bf pathbiogihally Rodified filamensd and nAChR mRNA . Rurthed studied at toe EM
levei on the mRNA dintributioe of a4 an- ofooe sunm-is wiii provide additioeni
inforlbntioeonnAChR mNNAt-uprportundnr bortaniandoafoologibel co-sidons.
Snppbrtedb\ olee DnutsohFFurrnneugeben-dorfhnfggraot Schr283/8-2

HCNP gene expression iss decreased in the hippocampus of postmortem
human brain ecornpaties ts tet thsee iledemenfiaottheAIzCeimer type.
N.Matsukawa1 • h H.OeadN3 'hiTehane4and K.Qjika* 1
: 1:2ndDopartmeot of lnt.Med.3:DeoertmenfofMaltB:clorBiology ,
NagoyaCity Univ.,Mizuho-ku,Nagoya1467;P:Dopnrtmenf cCMolecular
Biology,Noyori-Fukushimura Hsopital.Noyori-sho.Toyohahhi,440
;4:disaoveryRecaarhhaaboroeories. iii.ZumitorpeFmarmucaatical
Research Center,Sncehano-kH>OoakaI554,Japan.
We peeviousiydomnssrretedrhat PippozompeICnolineruicNeurostimuiatinN|F^^ftte^^(HNPf’'a anovo;peetl Pu puritieo trom 4O-t2 iay old
rat bippocampuoiPcepiecaHynhhanceseceeeisho;inysecthe sis icmedial
septal nuclet invitfo.TCeceototpippozampeiseztempl aysopimpo rtant
eteuerueal oeto nn momorpformorioniMoreovele ises onllSn own that
eeerainpathologicelhhngces,suchas ueoroc loss.glissis, plaeuanand
rangieS|arefunedlnthh Pioeazamscppr catiestswithAlzCeimer type
eementiaJn -hiss-eyy,wp eraparedrotulResmromOiaoocampes and
tronral IobepfcostmnrtomZumaebrain -c tlhtpPGC^^^^t^^t^.mRNA
was puantfiedyyNoethernblarayeiesis ng tedcDeAepecifiefprPCNP
peeeuesorproteinesoprobe.Therenseusug^estha that sspresp lon of
HHNP peeeursormRNAinhipcecomussdeeaeeeen in acessswith
Aizheimer rpeedomentiazompersdwire S sasde ernormeiagicni even
atrercoerecOepforthepxpreseiop orfrirdztinmRNe.TSis result
eurpportsourpreviosp eediggedoczmengnhteelackofeeefp-rephic
suastanees inbrainsofpatiesrs with ^I^m3irn^r's(^is^£ine. rOjikaiKi et.al.,
Banaul'yreport1P,CeldspringHarbor,NY.1983;285-295).
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773J.4
DECREASED BINDING OR T^H VESAMIdL ANANLC [125I1--+)MIBT TO THE TTS^PORNL CORTEX IN ANZHEIMER’A DISEASE. E.M.
Garteud, TK. Staley, D.C. Mash, M. BBsHe* and S.M.N. Effnge. Ddr Is .
of N<^^t^okrdy & Moli. Cc IIi PheroRgcolndy, L-mv. iff Miami SoOoo 1 of
Medkine, Mtbnni, FL. 33101 ; Dppss. of
Med. Chem. &
NenrbouueoetUiUnlv. o-Mirhneen-nltp0nneepoli4,MN 55455.

RUNC'nONAL REGULATION OR NEOCC^f^TT<^^ PYYRMIDAL
NEURONAS BY BOTH MMLAARINIC AND NICOTINNC RECCPTORA.
<iP.Chuusel 1. M.A. Simmonds* aed P.P.A.Humphryy Glaxo InuhttStee of
Appildd POatR^aoolgy;y, Cambridge, CB2 0DH, and *DeeL PhpmrRaology,
SoOoo loPPrtRanacylLr)ndwo,WNlNlAX, UK.
A novei corttcai beain shoe preppgatiog for uns wito exfxaceilular
"goeasergap" recrrding teoenlqueshas been deeeloped, ailowigg snudy of botO
giu1nmraeeroic and choitgergic reuponses of neooorttcai pydoaRiiral necsones
which fonm the transcgilogal-corticocortinal pathway. ConhenfraOioo-eCfect
^^60 to tho mRScarimc/gteotinic
caaeacOoI and the nicoltnio aggnist
DMPP dtel<tdd mean EC^o eglued bf 216.0 and 19.2 JJ.M, reapaetiveldi
Ogrbao0ot-indeced uaogon ses were inetbited by aroppine (0.2 pM) and
Recamylbmfne ((0 pM) , This antagonism ww^ not comRe-ihivv. Connvraeld,
oogcentrarion-eehece rurves to DMPP w^re utOftdd in a paralief riggtwarU
manner by mbcetRylgRline, aed wwo unaffeeOed by atropip-i Deeotarisurtog
aeutn-ueus to gfotamafe were rrveouibiy anhggonSrdd by D-AP5 (39pMd and
CNQX (10 pM); these antanonthSs Oad no effeot on ceabacOoI- or DMPPi-ducedresponses.
TOtss preparation aliows repronucibic quug-tOlegtion of deuotarisattog
oruponees od pyagmidol eeuronss whoee axons pass through the corpus
eallosbm to con-raiateva 1 00-16X0 sucO stuUies in-iiate fouettongl regulation of
tOe activity of thore n-pso)neu by nieorin-c and mRsceatnie receptors present oe
htletd ceii br^<rieu and ddndriteUi These sume n-usoneu degenerate ie
NlzOte)meui s disrate, cuiRinaning ie mba0kd coi O-co I glgoambtergio
OdpoeceivSty, whOoh nnd-rhes itOie cognitive defioits observed. We propose,
t^^^r^Or^re, t^tt tOerapte s aimdd vt activating mootimc ^s weii an mRSueatnie
receptors are more likeiy to sucned inammiooating tho cognitive symbPomu
of thddtseasothtOoUhobbrimbdatmuhcerintCdctlvation alone.

TOe veugmioul bindrng itle on tOp cholidengoc usdrppOk vesicle ss g
novil forget foo deveeopmbnh of radtgpnarttbaceuticals for mbpptng
oeoticerok indevvalion. Preolous studies using l3I3HvesgRihOul have
Uemonrrrated mgrginalrruouotions in toe dpnsttlus of veeavmcoi binding
si^^s ii- froniai cobrex avd in-reaseU densitied id tho temRorgl coi Oux in
Nizhnimer’s dtsgase (AD). VesgRiibol b^-rl^^g she den-sties con^^l^rt^<d
pbotidy wito tOe li^^s ol chofine aceeySttadsOegaee nOhAT) activiyy in AD.
TOie^ conflicting Oiddinas suggest tOrat [3H]vaaRreOnol myy label visn nonoeoiicereic sites in tOc cereyoat cortex . In top present study, wc have
cvalvaied Ohe novel vc^micol analog (225n]-(+)-MIBT as a probe to
g^^ss oeoiinerek syg^^netic integrity in toe lempvral ooetex o { AD and
dvuooloorcally-normatage matohud control subrectUi Saturation binding
gnaiyuis using aminoyenoovgbnmkol AABV) to ddtfne non-nppctbio
yindinglreveat«n o ^igi't affinity btndtevsete wl tf a K](i value tof ^.RpO
v.2nM ivtheteIrecdtrbl oortex nnagod con-roi sudieL-e. Siocilarantinilo
values whb obbeidi-n foat l2rfi-(+r-MInT btndrng in AD . TRedensity cx
nlRrt-(+(-MIBT binding was oo^ipa^ signilicantly inADtemjX1ral cortea
tBmax=ll.e + 2.8pmol I gi as compnnMto coni-di gainer tBreooo=h9.5 + 32
Cmol /go. Ths docrea^i6n [1-5I--e+)hMIBT bienOing wescooeeiated gnto
ChAT act-vitces(r = R.9O) be AD temporat sorteg , Theserest^i^ts suggeot
toat fre3ttrrjft-MiBT mayCr uLefui loo 88^6-^ i’tl u V}0 the loss of
cholinergic projections with SPECT in AD and other dementing disorders.
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SELECTIVE ACETYLCHOLINE NEUROTOXNSS , IN COMBINATION WITH
GLUCOCORTICODSS AS A POTENTIAL MODEL OR ALZHEIMER'S DISEASED:
THE EFFECTS OF AR64A AND) SAPORIN ON SPATA. LEARNING IN THE
MALE RAT. W.A tDm^m•.A■R.V.MceItIRtyCil G.PiTigkIrOi L.J. HiokRad. Dept. of

SHHPHLAMINE-IN7UHE7 IMPAIRMENTOFCONTINUHUS PERFORMANCE
IN RHESUS MONKEYS IS R^^ERSED BY TACRINE (CHGNEX) AN7 THE
m, SELECTIVE MUSCARINIC AGONIST PP7 151832. M t J. Haiiahan*.
PaiOe-davis Phaemaeeutiaal Research divii^ioi^, Warner-Lamael Company.
Ann Aibor. Mt48105.
Phaemaeoiogie aioeOaee ot osereyeaorie musearinie r^^^^^is impairs
esNntrive tunc^on in anir^tile; md man. The rousaarieie reeeptor antagonist
eesosiamine impairs various aspeets ot memory ^n^^uding dpficns in
eeiearive attention. The ole of an intrinsie atteeriseai eefict in Alzheimer's
eisease ani the mueearieia ahsiieerNic asetribution to these eettatte may be
important in ecve^spieN appoopriate -herapy.
In teisstody, r^^t scp<ierlnadreeceumoneotysrWtndctebliseedbaseline
0cPsezaeee were us«1. Response on a esnrieusus pertormanee tasO
were measuree ueit^!Nazii^l^^^mF^^^-c^^r^1^l^oiice test environment. Animals
were rewareee tor rcepsneing to a target oajear eieoiayed on the sereen ot
a rsueeeseeeitive e^^<^r|t^l^^^^t>i<^n manitoo tCRT}. Display ot the rarNer objeet
on the CRT was rmeomized with resp^ to time ane ^^trtl
Seopoiamine (0.0031, 0.006 ane 0.01 mg/Og, IM) produeed a eoseeepeneent e^r^se nt r^^^^^ns^s w^^^h was s^n to pereist 4 hrs after
eosing. Terrine (0.03, 0.1 , (.3^2 and 1.0 mgOkg , IMt ggv^^n 60 min after
ecsooiamiee ane 30 min before testing reversee the impairee oelPsrmaeee
prcduced by scopolamine in a ddse-deppceenr monnerl PD 151834 (0.1,
0.34 ane 0.1 ^n /o <£}i im) gv/on ^imiiarly aies improved oePsrmaeee in a
esee-dcpendent maeeer. These date suggest that easpsiamiee orodueee
a e^^eit in sustaimee attentionor slowngot informationoroceeeing teat ean
be att^nu^t^t^y rreatmenrwithtecrineoFdD 151432.

PsyChJonisnoiSsWmjyunxUnivihBioLminizon.

NOzOelRtar's ^<e^^ currerttiy
appmtnRrafeiy 4 million people id tOe
Uentrd States with 1 (9(,(99( tew chaurbetnd repprttV ovh y&&. .Hois disorder is typiOeU
by ueeroal enenitiee Uefioitu, idoluUtnn memory OouUi Idt our iaboratory we Ogve taken
severai ^^^^Ovs to the gradation of a suitable animai modei witO wOioO to study tOis
rnuetuei. Prvvrous wokd has Rousa) on expioring a possible uddeaeiutio etfreh between
a neuaotoxtc protend (beta amyloid) Oou ^U in AD patients nnd stress. Id tOe foiiowieg
senes of utur^ta we Onve expanded on tt^^^ r^sU^^ ii- $guneoel^tiolidctreaheU agimalu
foiiowing ICV mjeotions of the Ad 0-610110x 0, /AF4A (ncmol/ventricie), oo
igtoahpapyaal igjretiogu of foe Ad torxn, arporin (.42ug). In experiment 1, four ntoupu
of maie rats were used: 1) ICV iejc^t^r^e^ of AR64A — animals
for 7 days witO
oorttonstero-e (CORT,7 mg), 2) ICV in-<eotton of vefOcle + CORT, 3) ICV injeotioeu of
AR^A + 7 rgdu of ueugRe oii (CONT), and 4) ICV inj^^teu ofveOi^^e + CONT. In
expetnRPgt 2 the dbliorwng ont^l^l^t^ were oused 1 biiartp-al inj^t^o^-^ of ugpotnd into tOe
nuoleuu basaiis (NB), 2) biinrhlorin-eceoogoOvePtcle into die dNB dn^I^lN^), 3) uniiaterai
injection ugporid into tOe medit septai fen (MSA), and 4) unilaterai tgjeetiogu of
vehiLcte dtOt Oie MSA. NppooxRltrnSy 14 dys following surgeiy. rLl gntmalu were
assessed boo qgtiad l<^t^in^g using a ^o ^^i U version of tOe Morris Water Maze. Our
tpuultu reveg a s^^^^nnt impairment on a wgiety of bbharvoral p^^ete^ guuooinheU
witO ^ntigi lirgtni^^ dn foe d^t doHoowng dn-<eOtons ttporin into tOe NB and tOe MSA.
Id support ofprevious d^^grOo adtne-nfihgtreeoovro wwa
ii- foe MSA aniRglu.
In aUdition, a utggiOennh pote-tintind of ARMA on spatiai iegming was oyueoveU in
glueoenthtindd-t^aalddgnRgats. Orr resuhs hto-nnSy uipport Old s^ of uplrotiee ACO
gpuootoxjguo ts a vigb^^p rou PI of NlzeptReo>u distast, and Onoforr uunnruh tOat oOoogio
uhopuuis -lvoev<ut difod pafogpepesiooL AOfobimer,ssPauase.
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MUSCARINIC
AGONISTS
INCREASE
HIPPOCAMPAL
PHOSPHATIDYL INOITCL L TUCCOEE R IN VIVO AND
ATTENUATE HEMICHOLINIUM-3-IDUCEDD AMNESIA IN
MICE. K,M. Ward. D.S. Chapin, J.T, SN>wyCkG$iQ,J . T.Fpinmmn, SD,M, Nason.

D. Wll-lobos and D.R. Liston*. Pfizer Inc., Central Research Division,
Deptantenentn^liaJaurc^Dje^i^s^^iCj^ootc^t^, CT 0134W.
Alzheimor's dite^e(AD) resultninaOoss oWOne cholsnoraicproteclions imoortwn.
inleaming and mwmory. A mascraiaic agt^ibiA Dlsatin^terwcttiJii^^il>'witd post.
sonj^^tic ma reccptaro, whithtae preservedtc AD, maaprovior gffecCivopalliwOtne
therwpya Ws have exfmined lOa in Sivoactivitf of threopotentmuscceinicpgonistr
(t^i^t^ct^rf^tne, LYt24n70C and JDZeENd-163i asicw dicahemtcei (in -vivo
ggosphattCylinceitwi tumvvsp) end bphaviorwtapaspi-gnvoidance) modolsoaaenircl
muschinic aativation. For tn vino Plturnogcw Oai-^nwoiaosilel wto tnteatedigcd.
C2 n-CtW5 gLt 24 lit prior to tast compsynds ts oreavbel t4v htwpowamnul
ndsepholipiOpooa Liihicmttnmeqigs.c.)wos adaaini.iered 3hr prior tw tissue
scmaiing ana the trsi cwmpTunds wercnOminlstered s.c. 1 ho aetorto iisiue
aamvling. The nycomuiatioc of indsttol wOosph4CesCH^ct IrCrn hiaoncamcos was
deicomloeW foitawiog cxtIOitiye acdtnc axenacgwchromatogP3pey. Significaei
alevetifnof htppocamgalCP3 waopr<xiucsDbycii3Cf3pine aeiO-S2mg/kg s.c.wby
LY-24a708 ai3-45 mcCkcr•ae cnSilc SDZ-ENd-160 ni 5-at mgakg s.c . A onw-

tricistijMisoughpassivecaoldancr CPAtpsm-wture was mincct to toctihs aa>ilityof
iOvws3 compcnnysio reveina hemict-ftinium-QtHC-3)ingused amnepia. Tesioteco
dcrcujhiwteownwcs wvduwedby 5io60%Collow ingtrerctoantwit3PC-C 1E7 8 |pg
i.o.v.)0wohours prior toote tiDiniacsesfion. nt.oneopire (1.78cld mgadg),CY3
lmlO mgMw) and SDZ-ENS-163 1 1.Q0-17.8mQ-ka)attfnpoted HC-3E^NS-of smnoAa. MoIanhiab-WitheoCCew-ivednse^angeofLY-2h670a andSDZAN4al6Ote PA spyncod 4tDfomr^atgooWyoses,lncon-ra5tto tQ/extnsrieocrwiIh
mCSEmhiaiIore,w0lchsCdw amorenanrow /angrof effestivedoser co tois model.
We sohc1udeIDatoaiac4aemhOCheinio hgcnisismny trcse-un tn treating disease
states such as AD where the central cholinergic system is compromised.

770..8
ROMBCNED RHOLCNEGGIC AND yU^lE^NEE^GK: CANDIDATES FOE
ALZHEMEER’S DISEAEE (AD) THHaED^1e (I)t PHOHMACOOOGICAL
RHDED^CTERIDTIOION. HsM. Vergas! G.Bores.W.PkWko, M, Li. D. Sdl
D.K. Roto . Lc DovcS/P. Fiio ano C.P. Smitth HpechoriRousraO0arInaaeutieats,Inc.INeunascIenIIPGUISomemIIeINew0onfey 08876.
Von most win^t^l-y characierizca nenhQticnismitIhr dffinlsncies o n ADS aae of tin
c0Qiloergic aot noradrenergic s/stems. Cllolcal studies \Dlh ac^^^^^o^iit^^^ti^i^^/a
iooieitors tACoE)) oeca soqdo soma symptomatic iInavQvernent, em toa efficacy
of thoae aecnot is lo-w. Behovcoral liiearCure snngesis tha^l norhatlsephrioa (NE) _
eo4onces iacnung cot mamoiy io srveral diTerent acoi^tci mode-/. Based wo thana
fiotln^^i dc devdopet novea ACE iI^l4t^itlr^/ wlun^h aiset par/re/ norhCrhnergit
avQaalhta^s. For1llree aiudies, all in esirr biwcOemlcai Iodides Dare tcricat from
rct and dc^g Sis/nsa. Io rat brain, the ffiiowing actitClles were daIh^ninaa: poteocy
ct inh1billog AChE activity, a2-caheooceptor affinity or date^nined by
[•3P^]clonidlae dta-iaarmsnt, otd ths functional reavue oS pH^NES due lo

ava/nocptic ae3eavell)h:eptor biodata.
Antagonism ff BHT-920 indicat
cootractions of hoc dog srpheown/ veio was used to funotionaily deaermloc toc
mclnra of o<.2-3ldrenocealQV bi-whkade isvUso.
Onr Uloaings iottc^i^a that
hwma^s^i^ds POiOfi ant POii^-t-S damonstrctea pha^necwGgicat activity es
CQmeinet AC1E inl4bilors with comgetitivc ac-adren<PhIplpr antagonist
avQaerties. Hiese compnot/s weas Iocctcve cs inh1bitQr/ of noreatnsphrioe,
tQacmine cot serotooto uptokc. In ctdition, i^oi^^e cQmawundJ tere locclica cs
mQOQcmine wrltcse tnhibiiosr, nos tit tocy hocc aj^oity for muscarimc ant
dQacminecgis heceptoss.
TScse agents are finoaer dtcsnraad os tois ant
chCQmaanylngebstrar)s.

7731.00
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ROMBNEDD CHOLINOMIMECJC AND ADDE1NEEGIC 0^00^1^
FOE ^LZHEHER’S DISEAEE (DDJ THdAPY (H): IN HIV
BIOCHEMICAL RCTIVITY. A.GtooanniG G.Bares, M. Li, COP. Smith, L.
ZoQUt D. Cmohi^l^^^imano H.M.VaogrOi Hopchd-REusse, Phonngccaticai/,
Ioc.iNeuwosclensoPGUigamervillaiNewneosey 08876.
Cot-mergis <^a^^^ciis cataciJ 1q corra-cla Dito tha sn^^^^^iay of mrmoty imgmnseot
o//wciated with AA.
Accty-t4loiinsrIhcoce k^hitiitr^rs (DOE)) oave shoDii
snmatQmatic tmcrovement although
to other nsasotrao/mitters, a.g.
owrapinephriae NE)), have baao ima-icatam to AD. Camacho et al. (099C; nari
Cb/tract) oeca s Iiqdo ae-cntagontsts -Qtaentiaae ohe ability wf DRoElO iw enooeoca
iwog-ierm mamoiy retention. We descnids sedans os Dhich dc cromine /accral sn
eser parameters iw a//a// tha efficacy of a nowci AdoE with noradrenergic
avQaarties^ri^rabstract, V;^^geoetal, S999C P10007 dare-dacandent-n inLhibitat
rei striata- AChE actiicty (ID5q =3.1 mgtkg, i.c.); tot/ effiac wae revcastbie. Io
—100x 110-^$.s rtndles, ton comcwnod tocreased Ad -aca-s io the rai h1ptawhcman/
O-foit -Q--QDiog o dw/a of 5 mgOtk tp., ao ef-Tac shooed srith ottioa AAhoEh. At
i.ec - 5 mgOtki i.Pc P1i46f significcotiy inoreased hippocamca- NE relae/a
t/lmliariy tw idazoreo) io a dawoc3aaaandeot manocr, a characteristic owl sharct
Dlto othaf AChEI/. Doses wfPitfn 7 wluoh elcvaIad ACh and NE vainain ei/w
aohooced -nog-term memory retention to a siap-dowo pi^:s^tv^ ao^c^it^ca paradigm
tn rats. Funcilocal asoays /owwed toeit POCOfi comaatittvely aotegonized cre- aot
cwstsnoaplic a2-adnspoaap)OJS in vitro oot ipieso. Vocsc -lottocs ioticatc tool
OiiOfn aiacates caolrai ACh cot NE lacai/ vie inoieitiwo wf ACoE actlclty aot
eoldCQnismTfa2-aasenaaeptosfuncl)on.

ROMBNaDD RHOLCNEGGIC
AD^^EdC CANDIDATES FOR
DOZHEIMER'S ]h^IaDAaE
VHEUPPY (II)) : IN H^V BERCACY. F.
ReglacQo, H.M, Ocrgas, CPs Smiths J.T, WiosIow.* HpQahsSoRonsraI
O0a^nceentiealsShCi, NauQOttaonce Prancct
, Sommc^'-iae, N.J.s 0807f
Voa c0Qiloe^gic 4neohhests of AD has itn-ueocea muco of rraearco on loavning
oot mamory over th^e laot decayt. However, cholinomimetic d'ants odcc hat
itmtl^^d rnhce// io the treatisem of
damrntia. The norhdreoevolc sy/tam ocs
ci/w teaeo it^^^Iicciat in cogniticc procerras ant is daateIed in AD. Vots stnty
tocastigaaed loc effeci^;s ol enO4docd noradrenergic a^tt ctlt^i-t^^^oih
oanrotransmtssion on cogoitlca measure/ in roWaalo. Acetyich4linesterc/e
tooitiitoss tAdE)S ct miw^^rata doses significaot-n enheocat rataol^i^on -ctaocies io
e stop-down pcartnc avoidtnoc SEaOIparadigm. Tho s(.2-aCrernwhectoh anShgonlri/
ito^^r^c^n (IDA)s ywotmboae (P^OHO, and 07080 ocd ow ef-eht on the rhIeaitiQO
ve/awn:a to EPA. HoDacers doco a snS^-3lu^l^^4w-d dose oQ h4ptyipa4sortigmioe
(HEP) Dcr admim/tered to comeioalion DtE ID As YOHs wr 07O00 toere do / o
e>wtentiatinh t -Cccs ioaS -ct to an enh^viced n^^^otiwo wf the passivc avoidaocc
i•arawns^. ^o^ts anhaltaad reientlon was o^ot 1^6^ Doao HEP
chwdministared
Dtto c Hoci ' the 5/^06-03114 active, bid not centoaC- activc. ae-3drenlP:eptPv
eotcgontot MK^-^fi7 or the partssrnsptic a2-adreoocealo^ aote^onisS SKF OPOOCf.
Voe data iloai^ele that ch^ii^^^i ch4l-nerolc and noradranevgic sy/Oems mey inlercht
io the form-linn ofa iong-lC3m mematytsace.MixId AC^Dhoa2-3dreniWhaptQV
cotcgontot comtrsuans POOfn7 ctd POiOC5 wrae alro tested in toe EPA cot Dare
fonot to signiUiccoiln eoococe toe ratcotioo of tloc passive avoldaoca re/awosa io
rats.
These c /su Us niga^st that drilgs D0iih enoeoca choitoargic aot
oQ^odrenecgicactihitymsetcian eiVicQstoos1a thc Saohwe^^ of AD.

773.12
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CHANGES IN BRAIN ACETYLCHOLINE OVERFLOW DURING
RAT AND VONKIO MICRNDIALYSIS FOILDWING
NDMINISTNATIDI DF ’SAC ACEHIDCHOTIRNSTERASE
IIHIBITRR, CI-1002.
M. Duff DaviDS and Leonard
E. Cooke . Neurofciemss TheMapeuiies, DarkeDavis ResearcD, DiT/usDon of WarnereLambert,
1810 Pleuuuth OR., ANn Arbor. MI 08105.
iethoUofocan sindinge havi ondiDated that
oholinnrfoc SenflafaSSon ok rhe bfsSn in
Nlzheeenr’s pfksents eppeaus to ee comRromised.
In the ifsnic, seme fkSienCf have shown
fesnoveesat or lelaysf prorrussnDr of sriptoms
ruring fee a tisane wieo acetulcholknesterase
(AChI) ithrbitoLr such ae tseoSne, eere we
report sd a mN AChs fnhibieor arO musoDrinic
eslagonitR, C1-1002, snd ebf abSliLy -tn alter
se^^i^t^^esn^^i^^-tnLr reieife iu two iiimal roecies.
Ndult eil e srci-Eyine r aer Sfacf rferodr slysis
probes MnrgiiilSy lcntantnt inti ehe literal
enefroaeil caetex aek wen ee-louin to nscover
fun 24hro. Mair Mlfltlssl mirReys, nfirniri
lofurere. weso chaieitesterSned sen a probe
sn the auraing thrseRh a uurviouslyfeslantri guiio c^s^]^noST^. 0-01002 wss adminisa^n^^d a I 0.3S, 1.0 o n3 mLneg im e^iLt^li uaeh dose
tfi>kinL mn ineera se re ba sci ACH luerflow
oueparri to canurol. rhis liudy almonsLrates
ate poenatiai if 01-0102 -le elevtue chofonergic
ause in uodene rnd ct^-^l^i^irnn^ prSaeee soecies.
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DEVaEMECATION OFLCOODNDtB BRAD^AVYaCHOOhOLi[NEEAERASE
(DR1E)NHhBIITION ATTEREAADIR)CG^GOFC)-)(M2. M.R.Emmerling.
M,RLRd--e0cn'tHILaOina^^iOtLjOn^&J)sEOe^0eikd3^Cir^^t^ll5 (Cta^nhceutical
Enraorch, Dtvistnnuf W;ncr3a-ImmhkIetPPO0PlwmOEtd R(OlsD■ieA^boOt0PC48105.
CI-OPPeS /saQsmblaatIR4aE1neibitvstIglmcvcariluccwtanonIG .Mol.
NanrobtoL ,19O4,9i93)iACaEegaymeinGbinoninbl<dtd TIdntfflietsnt brain
vaoirolspwodhaadaCterorGdosOtQ oSornid-O m|dW^do-eI .00-1002 was
datamln•cdSbyrxvtQoraWismeCtici&5saD. ACCE cntivityiwdtood aoteo to kmg/kg
dorawasdccccocddnyPn%cscohcaeW tochntcolaC 4l5hravd go-ySuaHyctSiGned to
cm^S a^1^elsny4r»l^.eato SSmlO1dgdolaisedtcchAChE aotivityinbiaxl by
0P%iQmpacadtoQonG-ol p . 0.5 Sa . AdE cctiviiyroceovrc tinohbuC remained
/iOO-fiant-Syiowe^tesnQOhlrsil oheeiheI0ftt6 Iosin oraon s thegnzcmc oytivity in
4ia-xxom[lpus wossioniEcanStyasdda&dbpnO%a) LOhr aSthr2mtQ0n G-sk of CIOPPO dSdlbyiOn%a)0.4hcatdtolgmkOtaidoD AdE cc S viSyatPrCOottiOg dose
remainam nlonificonnyiessOOhnoonOeW So^sneoext 2a4lTtetimecou^D of AChE
i^o^lili^cos osntaQhvsapuycoassincit^■ t4rhatshen-nbiooeatbo0adosrcof CIOPPO. RionifhcnrtionibinnnoCRChEacitnttywle5aIsclevidentin rWo Coontaicortex
etO inat2hsTCrsr1de)0 mkOttdosc. Although lowaclevetchfCVhEantivity were
dafthlntl, nosioniEcsntciooInes lochs AChEantisWtyofrhmisno^ ^oo^gellum
i^^^i^^ae WsnonGot waadateaisV elnnydonhoraiaiesxrInrtesToa.athen sesoWD show
t4l0CIol)POJonlerrtdeb^otntnuufficienhquanaSstQslotcsto>ein]GniUoDofAChE
activity, a4CeIcaetoCRAaE1neibtnoo in noa0tGdo«t-deddnrcletS;wndcocretar4S with
roalavetof ACEEiohibiWoddat«den to seeWiosBIiBthdoreoioasnuediffeeenetially
e-fahidaSby C3-PPO2 wit0aso dooatesSlieiibitionOotagdeIdcSedinlaahCEranampus.
F^i^o^tOi^^s csso ISs w-^depreseaihd tonDj^ihoatiaclewfl oIAdE inWibition dtSected
caoiduc^dioo^i^^th ^coao^ntnnXio^ r I C)Pth^2 intiosyeowiiOKcennable
dctivdicy.
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BUTYRYLCHOLINESTERASE IMMUNOCHEMISTRY IN HUMAN

Smiley1. Northwestern University, Chicago IL; 2Harvard Medical
School, Boston MA; 3Mayo Foundation, Rochester MN.
Plaques and tangles in Alzheimer's disease (AD) express
butyrylcholinestrase (BChE) enzyme activity. This activity could
conceivably come from degenerated remnants of premorbidly BCHEpositive neurons. To test this hypothesis, we used monoclonal antibodies to
detect BChE- immunopositive neurons in the human cerebral cortex. There
were very few BChE-positive perikarya in non-demented young and aged
brains. Most were located in the gyral white matter or in layer 6 and were
non-pyramidal. Limbic areas, especially the stratum oriens of the
hippocampus, contained the highest number. The density of these' neurons
was 1-2 orders of magnitude less than that of BChE-positive tangles seen in
AD. No immunopositive cortical axons were seen to account for the BChEpositivity of neuropil plaques in AD. Concurrent visualization of BChE
immunoreactivity with BChE enzyme activity revealed distinctly doublelabeled perikarya.
These results support our conclusion that the plaque- and tangle-bound
BChE in AD is unlikely to be of neuronal origin. In many of our specimens,
neuroglia appeared intensely BChE-iimnunopositive. Since neuroglia are
prone to non-specific immunostaining, this observation needs to be
interpreted cautiously. However, the BChE-immunopositivity of neuroglia
is consistent with our histochemical experiments and our hypothesis that
the plaque- and tangle-bound BChE is of neuroglial rather than neuronal
origin. The role of neuronal BChE remains mysterious. Diverse trophic
functions have been attributed to BChE and may underlie its role in
neuroglia.
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EFFECT OF THE SELECTIVE, REVERSIBLE ACETYLCHOLINESTERASE
INHIBITOR E2020, QUANTIFIED BY DFP ANTAGONISM. K. A. Sherman*.
Dept. Pharmacol. & Therap., Univ. So. Florida Coll. Med., Tampa, FL 33647
E2020, a piperidine derivative, is a specific, CNS-active, reversible inhibitor
of acetylcholinesterase (AChE) that appears to be well-tolerated in humans
and animals. Because the drug acts by reversible binding to AChE, its
inhibitory effect is reversed by tissue dilution and consequent drug
dissociation. Therefore we developed an alternative approach for quantifying
E2020's effect on AChE after in vivo administration -- measuring the ability of
the reversible drug to antagonize diisopropylfIuorophosphate (DFP), a hemisubstrate of AChE that produces irreversible phosphorylation, while reacting
slowly enough for rate determination at minimal tissue dilution. In this study,
we determined the effect of two oral doses of E2020, 5 and 8 mg per day,
administered to young male human subjects for up to 14 days, on red blood
cell (RBC) AChE by the DFP antagonism technique. Measured in RBC
collected 4 hr after drug, at the time of peak plasma concentrations, the effect
of 5 mg E2020 on AChE was already nearly maximal by 3 days (XT± S.E.M. at
7 d: 38 ± 1.3%). The degree of DFP antagonism was dose-related. DFP
phosphorylation was inhibited nearly 60% after 14 days on the 8 -mg dose (X
± S.E.M.: 59 ± 1.1%). The effect on RBC AChE was substantially Iess 72 hr
after the Iast dose, but more than half-maximal effect persisted still in most
subjects. As shown in dementia patients treated with 1 -2 mg E2020 daily, the
degree of DFP antagonism was linearly related to the Iog of plasma drug
concentration; the IC50 plasma concentration is about 40 ng/ml E2020.
Plasma ChE was unaffected. In companion rat studies, we report that the
threshold dose for elevating extracellular ACh in cortex, 0.5 mgk/g, produces
about 50% inhibition of DFP phosphorylation at 30 min. Following 2 mg/kg
E2020, a dose that elevates microdialysate ACh 20-fold, DFP phosphorylation
of cortical AChE is completely blocked at 30 min. Thus, doses of E2020 which
are well tolerated in humans produce an effect on AChE of magnitude
sufficient to enhance brain cholinergic function.

773.15
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PHENSERINE, A NEW DRUG FOR ALZHEIMER'S
DISEASE: FAVORABLE TOXICITY PROFILE.

EFFECTS OF THE ACETYLCHOLINE RELEASER LINOPIRDINE ON
SPECT RCBF AND COGNITIVE FUNCTION IN ALZHEIMER'S
DISEASE. C. H. van Dyck*. C. H. Lin. R. Robinson. J. Cellar. M.
Narayan. A.F.T. Amsten. and P.B. Hoffer. Yale University School of
Medicine, New Haven, CT, 06520.
Centrally acting cholinergic drugs have been reported to increase
regional cerebral blood flow (rCBF) as measured by single photon
emission computed tomography (SPECT) in brain regions affected by
Alzheimer’s disease (AD). We studied the effects of the acetylcholine
releaser linopirdine (LPD) on SPECT rCBF and on cognitive, behavioral,
and global variables in patients with probable AD. Twenty-four AD
patients (12 M, 12 F; mean age ± SD = 68.9 ± 8.2 years) and 13 healthy
controls (8 M, 5 F; 68.4 ± 8.0 years) participated. AD patients were
scanned with 20 mCi of Tc-99m-ECD using the CERASPECt at baseline
and following 4 weeks of treatment with linopirdine 40 mg TID (n=15) or
placebo TID (n=9) in a double-blind trial. Healthy subjects were scanned
for comparison with baseline AD scans. A ratio of parietal/cerebellar rCBF
(P/C) was derived. The effect of diagnostic group (AD vs. healthy) on P/C
was determined by t-test. The effect of treatment condition on P/C and
behavioral measures in the AD patients was subsequently examined by ttests. Significant differences in P/C were found between AD patients (0.70
± 0.09) and controls (0.88 ± 0.08) (p<.0000001). Patients treated with
LPD showed an increase in P/C of 4.2% ± 6.0%; whereas those treated
with placebo showed a decrease of -1.2% ± 7.5% (t=2.31; df=22; p=.03).
Active treatment was also associated with improvement in the Clinical
Global Impression of Change (t=2.14; p=.04) and trends toward improvement in the Alzheimer's Disease Assessment Scale (t=1.89; p=.07) and the
Dementia Behavior Disturbance Scale (t=1.91; p=.07X These data support
the conclusion that rCBF abnormalities in AD are, in part, truly "functional" and can be selectively altered with pharmacological interventions.

N.H. Greig, D.K. Ingram, X-F. Pei,' A. Brossi, H.W. Holloway, T,T.
Soncrant*. Laboratory of Neurosciences and Molecular Physiology
and Genetics Section, NIA, NIH and School of Pharmacy, University
of North Carolina, Chapel Hill.
Phenserine, a phenylcarbamate of (-)-physostigmine, is a novel, long
acting (t1Z2=8 h), rapidly cleared (t1Z2=10 min), brain-targeted (10-fold),
and acetyl- selective (>50 fold) cholinesterase inhibitor. In rats, it
significantly increases brain acetylcholine and robustly enhances
cognition [NeuroReport 6: 481-4, 1995; Med. Res. Rev. 15: 3-31, 1995].
Phenserine is dramatically less toxic than physostigmine (MTD >15
vs. 0.6 mg/kg, ip, rat). In initial toxicological studies, phenserine was
administered once daily for 28 consecutive days to rats at doses of 1
and 5 mg/kg ip (cumulative doses of 28 and 140 mg/kg) and was
compared to saline-treated animals. Extensive evaluation of blood
hematologic and chemical parameters, including markers of renal and
hepatic function, together with histological analysis of brain, kidney
and liver, demonstrated lack of toxicity at doses more than five times
greater than those which maximally enhance cognition. A standard
pharmacologic screen revealed no evidence of direct action at
neurotransmitter receptors and lack of autonomic activity in mice.
Phenserine's optimal pharmacological properties, combined with its
favorable toxicological profile in pre-IND studies, predict efficacy in
upcoming clinical trials superior to that of other agents developed for
Alzheimer's disease.

773.17
APOLIPOPROTEIN E4 AND CHOLINERGIC DYSFUNCTION IN
ALZHEIMER DISEASE: EFFFECT ON TREATMENT OUTCOME. M.-C.
Delisle*. J. Poirier. R. Ouirion. I. Aubert. M. Farlow. P. Bertrand. D. Dea. S.
Gauthier. J. Nalbantoglu ' and B.G. Gilfix. Douglas Hospital Research Centre,
Neuroscience Division, 6875 LaSalle Blvd, Verdun, Quebec, Canada. H4H lR3.
Apolipoprotein E (apoE) is implicated in cholesterol and phospholipid
transport, particutarly in the central nervous system where other apolipoproteins
such as apoAl and apoB are absent ApoE is a polymorphic protein of which the
major allelic forms are apoE2, apoE3 and apoE4. The latter is associated with
familial and sporadic forms of Alzheimer’s disease (AD). The number of apoE4
gene copies affects the age of onset, the accumulation of senile plaques and choline
acetyltransferase (ChAT) activity in the hippocampus of AD patients (Poirier et
al., Lancet, 1993, 342:697-9; Schmechel etal., 1993, PNAS 90:9649-53; Poirier,
1994, TINS 17:525-9). To further characterize the impact of the' apoE4 allele(s) on
cholinergic deficits in AD, we examined the effect of the number of apoE4 allele
copy number on residual ChAT activity, and nicotinic and muscarinic Ml and M2
receptor sub-types in the hippocampus and temporal cortex of postinorten brains
from AD and control patients with different apoE genotypes. The apoE4 allele
copy number shows an inverse relationship with residual ChAT and nicotinic
binding sites in AD. Such a relationship was not seen in control patients. AD
individuals lacking the apoE4 allele show a residual ChAT activity and nicotinic
receptor levels rather simitar to control values. ApoE4 allele copy number did not
correlate with apparent changes in Ml or M2 binding sites in AD. Finally, the
effect of apoE4 allele copy number on cholinomimetic drug response was examined
in AD patients treated for six months with the esterase inhibitor, Tacrine. Data
revealed that over 80% of the patients who do not possess the ApoE4 allele showed
significant improvements foltowing this therapy while 60% of the patients with at
least one copy of the apoE4 gene did not improve, and even deteriorated, during the
treatment These results strongly suggest that apoE4 plays an active role in
cholinergic dysfunctions associated with AD. Supported by MRCC.
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SIGNIFICANT CHANGES IN THE HUMAN BRAIN
HISTAMINERGIC SYSTEM IN ALZHEIMER’S DISEASE.
P. PanuIa*, K. Kuokkanen. M. Relja, K.S. Eriksson, T. Sallmen, J.O.
Rinne, H. KaIimo. Dept. Biology, Abo Akademi Univ., and Depts.
Neurology and Pathology, Univ. Turku, 20520 Abo/Turku, Finland.
Histamine is one of the neuromodulators present in subcortical
projection systems. Neurofibrillary tangles are present in histaminergic
neurons in Alzheimers disease, but the target areas have not been
examined. We combined sensitive immunohistochemical methods with
HPLC fluorometry to reveal the changes in brain histamine in
Alzheimer’s disease.
In normal human brain (n=5, mean age 82 yrs), histamine concentrations
were highest in the hypothalamus, followed by substantia nigra,
putamen, n. caudatus and different cortical areas. In Alzheimer’s disease
(n=9, mean age 81.5 yrs) histamine content was significantly reduced
only in the hypothalamus (57%), temporal cortex (46%) and
hippocampus (56%). Immunohistochemistry revealed only neuronal
storage sites of histamine in normal brain and in brain affected by
Alzheimer’s disease. In normal brains, dense networks of histaminecontaining fibers were seen in the entorhinal cortex and subiculum.
Moderately dense networks innervated hippocampal fields CAl-4 and
dentate gyrus. Long fibers were seen in the fimbriae. The results reveal
an extensive histaminergic system in human temporal lobe, and
significant changes in this system in Alzheimers disease.
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NEUROFIBRILLARY TANGLES AND TYROSINE HYDOXYLASE
IMMUNOREACTIVn’Y IN THE LOCUS COERULEUS IN ALZHEIMER’S
DISEASE. ML. Smith* and P.D. Coleman. Department of Neurobiology &
Anatomy, University of Rochester Medical Center, Rochester, NY 14642.
The neurofibrillary tangle (NFT) of Aehejmerr’s disease is composed of insoluble
tau isoforms containing multipte phosphorylations. Currently, it is unknown
whether the phosphorylation(s) of tau is causal in the aggregation and accumulation
of the NFT. However, a phosphorylation at serine 199/202 of tau occurs in the
soma and processes of neurons in the absence of detectable NFT. This
phosphorylation, identified using monoclonal antibody AT8, also appears to - be
contained within the NFT proper. Thus, cellular distribution of AT8 staining
identifies neurons from a presumptive early stage through the progressive
accumulation of pathology within the neurites and neuronal soma.
We hypothesize that as the intracellular NFT accumulates, neuronal function
declines. Specifically, as pathology accumulates within the neurites and eventually
the cell body, neurotransmitter synthesis declines prior to cell death. The goal of this
study is to determine the neurotransmitter synthetic capacity within individual
noradrenergic neurons in the locus coeruleus of ALhetaer’s* patients as a function of
NFTaccumulation.
In this study double labeling ICC was performed using antibodies directed against
tyrosine hydroxylase (TH; Chemicon Int., Inc.) and phosphorylated serine 199/202 of
tau (AT8; Innogenetics Inc.) within the locus coeruleus of AD patients. The degree
of intracellular tau pathology in neurons immunoreactive for AT8 was determined
according to the criterion of Braak et al., (1994). Noradrenergic neurons were
analyzed for tau pathology and TH immunoreactivity was classified as strong,
moderate or weak based on staining intensity. Neuromelanin also served to identify
noradrenergic neurons containing NFT in the absence of TH immunoreactivity.
Freluninary results indicate that as tau pathology accumulates, TH immunoreactivity
declines prior to cell death. Supported by grants: Training Grant 5-T32 AG0010712, ADC 5-P30 AG08665, LEAD 5-R35 AG09016, RO1 AG1121-14.
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EFFECTS OF THE RELEASE ENHANCER DuP 996 ON THE
IN VIVO RELEASE OF DA AND 5-HT IN RAT STRIATUM.
T. Clarke, D,K, Bryce and H- Rollema*
Department of Neuroscience, Pfizer Central Research, Groton, CT 06340,
USA.
DuP 996 (Linopirdine) is a release enhancer which possibly acts via
interaction with a K-channeI. It is now well established that in vitro, DuP 996
increases the K+ stimulated release of ACh, DA and 5-HT from slices, while
microdialysis studies have shown that DuP 996 also inreases in vivo ACh
release. To determine the effects of DuP 996 on in vivo DA and 5-HT release,
we measured extracellular DA and 5-HT levels by microdialysis in rat striatum.
Of the doses of DuP 996 tested (0.3 - 10 mg/kg s.c.) only 3.2 mg/kg produced
a small (20%) increase in extracellular DA and 5-HT levels in rat striatum.
High doses of DuP 996 (32 mg/kg) produced a more pronounced elevation (4060%) in DA and 5-HT release, but extracellular levels of the metabolites
DOPAC, HVA and 5-HIAA were increased to the same extent and all animals
rapidly developed seizures. The neurochemical effects of high doses of DuP
996 could therefore be related to toxic events.
In view of the marked effects of DuP 996 on evoked DA release in vitro,
we also studied its effects on extracellular DA levels during K+ stimulation. To
that end, 60 mM KCl was perfused for 60 min and the maximal increase in DA
release was measured ("S1"). Three hours later the effects of a second KCl
perfusion on DA release were assessed ("S2"), after pretreatment with 10 mg/kg
s.c. DuP 996 or vehicle. Comparison of the "S2/S1" ratios for vehicle and
DuP 996 treated animals, showed that the K+ stimulated DA release was
slightly, but not significantly, increased by DuP 996.
These in vivo results confirm that DuP 996 does not enhance the basal
release of DA and 5-HT, but do not corroborate the pronounced effects of DuP
996 on evoked DA release in vitro.

PRE AND POSTSYNAPTIC SEROTONERGIC MARKERS IN A
COMMUNITY ACQUIRED STUDY OF ALZHEIMER'S DISEASE. J T
Alder1 . C.P.L-H. Chen_IP.T. Francis1., T. Hope2. P.R. Heath*3 and D.M.
Bowen1. 'Inst. Neurol. London, WClN IPJ . U . K. 2Univ. Oxford, U.K. 3Univ.
Sheffield, U .K
20 cases from a prospectively studied, community based sample of demented
patients with neuropathologically confirmed Alzheimer's disease (AD) and 20
controls matched for sex, post-mortem delay and storage time were studied.
There was a significant loss of immunoreactive serotonergic dorsal and
median raphe neurones in AD compared with controls, however this was not
reflected in presynaptic serotonergic markers in the cortex. Thus there was no
reduction in the concentration of 5-HT or 5-HIAA, as measured by HPLC,
indeed the 5-HIAA/5-HT ratio was increased. Similarly, Bmaxfor [3H] paroxetine
binding to the 5-HT reuptake site. was only reduced in one of the two areas
studied. AD cases treated with neuroleptics had reduced concentrations of 5HT compared to untreated AD patients. Depressed AD patients had
significantly lower paroxetine Bmax compared to non-depressed AD cases. There
was no significant difference in the number of 5-HT1A receptors in AD
compared with control, but 5-HT;.a receptor Bmax was reduced, the KD was
unchanged in both cases. These data indicate that due to plasticity in the
serotonergic system there is little evidence for a pre-synaptic deficit in AD and
that reductions reported in previous studies may be due to drug treatment and
the presence of non-cognitive behavioural changes such as depression.
An altered balance of postsynaptic receptors and a preservation of the
presynaptic system may have implications for the treatment of AD.

774.5
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THE DORSAL RAPHE AND DEPRESSION IN ALZHEIMER'S
DISEASE. R.M. Zweig*, T.J. SwiergieL C. Steele, D.L. Price. C.A.
Ross. LSU Med Center, Shreveport, LA 71130 and Johns Hopkins
School of Med, Baltimore, MD 21205.
There is considerable evidence supporting a role of serotonergic
systems as well as noradrenergic systems in the pathophysiology of
major depression. We have previously demonstrated an association
between major depression complicating Alzheimer's disease (AD) and
disproportionate neuronal Ioss within the noradrenergic locus coeruleus
(Soc Neurosci Abstr 1992;18:206). Inorderto investigate the possible

POLYAMINES IN HUMAN BRAIN: INFLUENCE OF REGIONAL
DISTRIBUTION, AGING AND ALZHEIMER’S DISEASE. L. D. Morrison*
and S. J. Kish. Human Neurochemical Pathology Lab., Clarke Institute of
Psychiatry, Toronto, Canada M5T lR8.
Despite considerable evidence implicating polyamines in brain development
and CNS function, little information is available on these substances in normal or
diseased human brain. We examined the influence of regional distribution, aging
and Alzheimer’s Disease (AD) on putrescine, spermidine and spermine levels in
autopsied human brain. All three polyamines showed distinct and uneven
distribution profiles amongst the 10 examined control brain areas. No statistically
significant influence of aging (1 day to 103 years; n=57) on either putrescine or
spermine levels in occipital cortex was observed. In contrast, spermidine levels
increased markedly from birth, reaching maximal levels at approximately 40
years of age (+228% increase, p<0.002, one-way ANOVA, r=0.71 Pearson’s
correlation), which were maintained up to senescence. We also measured
polyamine levels in cortical and subcortical areas of 12 patients with AD and
carefully matched controls. Mean spermidine levels were markedly and
significantly increased (70%) whereas putrescine levels were decreased (28%) in
temporal cortex of AD patients compared with controls. No other statistically
significant changes were observed. In view of the modulatory effects of
polyamines on ion channels and glutamate receptor function, abnormal
polyamine levels may contribute to excitotoxic processes occurring in brain of
patients with AD. Supported by U.S. NIH NINDS grant NS26034 and the
Hospital for Sick Children Foundation.

association of serotonergic pathology and depression, we used an anti-

phenylalanine hydroxylase antibody (PH8) (gift from RGH Cotton,
Melbourne) to selectively label serotonergic neurons within the dorsal
raphe (DR) nucleus of 5 patients with AD complicated by major

depression

(preliminary

assessments

based

upon

prospectively

collected psychiatric evaluations) and from 8 age-matched patients
without this complication. Sections (12 pm thick) of DR 1.2 mm and
1.68 mm caudal to the oculomotor nucleus were selected from serially
sectioned formalin-fixed brainstems (transverse plane). Numbers of
PH8-immunoreactive neuronal profiles greater than 12.5 pm in
maximum diameter within defined boundaries of the DR were counted
manually (400X). Mean profile counts tended to be nonsignificantly
higher in depressed than in non-depressed patients at both anatomical
levels evaluated: 177.8 ± 57.3 and 204.3 ± 61.4 in depressed
patients versus 142.7 ± 51.6 and 179.9 ± 75.1 in patients without
depression at rostral and caudal levels. Thus, there does not appear to
be a relationship between Ioss of serotonergic DR neurons and
depression in AD.
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Vulnerability of pyramidal neurons immunoreactive for an Nacetylated dipeptide in Alzheimer's and Huntington's disease.

L. A. Passani* °. R. Paulsen00 and J. T. Coyle0. Dept. of Psychiatry0,
Harvard Medical School/MGH, Charlestown, MA 02129 and
Zoologisches Institut I00, Universitaet Karlsruhe, 76128 Karlsruhe,
FRG.

An increasing body of evidence suggests a neurocommunicative role for Nacetyl-aspartyl-glutamate (NAAG), especially in putative glutamatergic
pathways. Within glutamatergic pathways in cerebral cortex of primates,
NAAG is preferentially localized to a subpopulation of pyramidal neurons.
Subsets of pyramidal neurons associated with corticostriatal, corticothalamic
and corticopontine projections have previously been described to exhibit
NAAG-Iike immunoreactivity (NAAG-LI) in human brain (Passani et al.,
1994). In the present study we investigated the impact of neurodegenerative
disease on this type of NAAG-LI neuron. One characteristic feature of
Huntington’s disease (HD) and Alzheimer’s disease (AD) is the selective
degeneration of subsets of glutamatergic pyramidal neurons. In HD, losses
are most prevalent in layer III and VI of frontal Iobe and primary visual
cortex and in layer IIIc of the temporal lobe. In AD, losses occur especially
in layer III and V of the neocortex, and in the CAl field and subiculum of the
hippocampus. Our preliminary results suggest selective sparing of
subpopulations of NAAG-LI pyramidal neurons in frontal cortex and primary
visual cortex of HD post mortem brain. In both regions NAAG levels
(determined by HPLC) and numbers of NAAG-LI pyramidal neurons (layer
III, IVb, VI) are not significantly altered compared to control. Glutamate
levels on the other hand are decreased up to 70%, suggesting either loss of
glutamatergic neurons or metabolic alterations. In AD, NAAG levels are
unaltered in hippocampus and in frontal, primary visual and temporal cortex.
These findings suggest different degrees of vulnerabliIity for glutamatergic
pyramidal neurons depending on the presence or absence of NAAG.
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non -plaque dystrophic
dendrites
in alzheimer
hippocampus : a
new pathological
structure
revealed
by glutamate
receptor
immunocytochemistry
. r . Suzanne ,Zukin,_Eieoopra Aronica, Linda A,

Goodman*, John H. Morrison# and Dennis W. Dickson. Department of
Neuroscience, Albert Einstein College of Medicine, Bronx, N.Y 10461
#Mount Sinai School of Medicine, New York, N.Y. 10029.
Alzheimer's disease (AD) is a progressive dementia characterized by a
pronounced neurodegeneration in entorhinal cortex, hippocampal CA1 region
and subiculum. Excitatory amino acid (EAA) receptor-mediated excitotoxicity
is thought to play a role in the neurodegeneration in AD CA1. The present
study investigated immunocytochemical localization of EAA receptor subunits
in the hippocampus from 10 AD and 10 controls, matched for age, sex and
post-mortem interval. Immunocytochemistry with antibodies specific for
GluRI, GluR2(4) (AMPA), GluR5/6/7 (kainate) and NR1 (NMDA) receptor
subunits demonstrated virtually all projection neurons in all subfields
contained subunits from each receptor class. In CA1 GluRI, GluR2 and NR1
labeling was in pyramidal cell somata and dendrites. GluRI, GluR2(4) and
NR1 immunolabeling revealed a novel pathological structure in all AD, but
none of the control samples.The lesions were juxtacellular clusters of granular immunoreactivity in the neuropil of the pyramidal cell layer. Counterstaining for amyloid indicated lesions were not senile plaques. Neurofibrillary
tangles and granulovacuolar degeneration were also not immunolabeled.
Ultrastructural analysis revealed the lesions to be dystrophic cellular
processes containing dense vesicles and flocculent material with immunolabeling localized to plasma and vesicular membranes. Lesions were not
associated with amyloid fibrils. One lesion also contained Hirano body
filaments indicating that the dystrophic processes were dendritic in origin.
Additional studies are needed to determine the pathogenesis of these novel,
non-plaque dystrophic dendrites.
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Regional Variations
in the Neuronal
Glutamate
Transporter
Protein
in Alzheimer
disease . h . l . Scott, P. R. Dodd and R. I.
Westphalen* Clinical Research Laboratory, Royal Brisbane Hospital

nitric
oxide synthase
(NOS) in postsynaptic
density
fractions
from
cerebral
cortex
of rat , normal
human and ALZHEIMER’S DISEASE BRAINS. J.L. Xu*. K. Wu .
HJJ, Mount S- Zhong, Y.Y; H.ugng’;2and, IB. Black. Dept. Neuroscience &

Research Foundation, Brisbane Q4029, AUSTRALIA.

The pathological features of Alzheimer disease (AD) are area-specific.
Pharmacological and molecular biological studies have described several
forms of the glutamate transporter protein. If the glutamate uptake system
were altered in AD cases, this could enhance excitotoxicity, particularly if
the variant transporter protein was inefficient at removing glutamate from
the synaptic cleft. Several damaged areas (showing neuronal loss and
neurofibrillary tangles) were compared with relatively spared areas to
determine how glutamate transporter protein sites 'vary between control and
pathologically confirmed AD cases. We looked at the high-affinity uptake
site using binding profiles for D-[3H]aspartate and a range of transport
inhibitors (unlabelled D-aspartate, L-glutamate, dihydrokainate, L-cysteate,
rhreo-3-hydroxy-D,L-aspartate, L-a-aminoadipate, cis-1 -aminocyclobutanel,3-dicarboxylate and a-methyl-D,L-glutamate). Synaptosomal plasma
membranes were prepared from human brain tissue obtained post mortem.
Data from the homogenate binding studies were processed by the LIGAND
program, and analyses of variance performed on logarithmic transforms of
the affinity constants. Control and Ad cases showed significant differences
in transporter binding profile in motor (P = 0.025), occipital (P < 0.001),
mid-temporal (P = 0.035), and cingulate regions (P < 0.01). The inferior
temporal, parietal, hippocampal, and superior and inferior frontal areas did
not differ significantly between controls and AD cases. Thus, different
forms of the neuronal glutamate transporter may occur in AD cortex, in
regions showing variable susceptibility to pathological change. Areas most
resistant to damage tended to show greater variations in profile, and all
showed a markedly enhanced affinity for glutamate in the AD cases.

Cell Biology, Robert Wood Johnson Medical School-UMDNJ, Piscataway, NJ
08854, ’Div, Neurosci., NY State Psychiat. Inst, and 2Dept, Biochemistry,
Columbia Univ. Medical College of Physicians & Surgeons, NYC, NY 10032,
Nitric oxide synthase (NOS) catalyzes formation of the gaseous
transmitter, nitric oxde (No ). Electron microscopic studies have revealed

that neuronal NOS (nNOS) is an intrinsic component of the postsynaptic
density (PSD), a disc-shaped specialization of the postsynaptic membrane.
We now present biochemical evidence for nNOS expression within the
PSD, We also show that nNOS levels in the PSD exhibit regional variation
and may be elevated in Alzheimer's disease (AD),
We examined expression of nNOS in PSD fractions from adult rat and
human brains. Western blot analyses, with a monoclonal antibody against
nNOS, revealed higher levels of expression in PSD than in whole synaptic
membrane fractions. nNOS levels in PSD samples from rat brain exhibited
regional variation, These differences (Cerebellum > Olfactory Bulb >
Hippocampus > Cerebral Cortex) reflect the reported distribution of nNOS in
whole brain sections (Dinerman et al.,1994, PNAS 97:4214).
Recent evidence suggests that Alzheimer's disease (a D) may be associated with biochemical changes in the PSD.
We examined whether
synaptic NOS might be affected in AD brains, In cortical PSD samples from
two AD brains, PSD nNOS levels were elevated relative to controls. The
pathophysiologic significance of elevated nNOS remains unclear.
Our findings indicate that nNOS is an intrinsic component of the isolated
PSD, Regional variation in nNOS levels within PSD fractions may have
consequences with respect to synaptic transmission in these areas,
(Supported by NICHD 23315 and the MRCC),
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IMPAIRMENT OF THE PHOSPHOINOSITIDE SIGNAL
TRANSDUCTION SYSTEM IN ALZHEIMER’S DISEASE BRAIN.
R.S. Jope*. L. Song. X. Li. A. Greenwood, R. Powers. Dept. of
Psychiatry and Behavioral Neurobiology, University of Alabama at
Birmingham, Birmingham, AL 35294.
Degeneration of cholinergic neurons with retention of postsynaptic
muscarinic receptors in Alzheimer's disease (AD) has led to the
widespread therapeutic use of cholinomimetics. The purpose of this
study was to determine the functional capacity of muscarinic receptors
linked to the phosphoinositide second messenger system using
postmortem AD and matched control prefrontal cortex.
Activation of phosphoinositide hydrolysis was measured using
membranes incubated with [3H]phosphatidylinositol (PI). G-proteincoupled stimulation of phospholipase C was concentration-dependently
activated by GTPyS and this response was 40% lower in AD than
control membranes. Inclusion of carbachol to activate muscarinic
receptors coupled with G-protein-mediated PI hydrolysis was impaired
by 45% in AD membranes. Further analysis of the data indicated that
the G-protein deficit in AD had a predominant influence on the lowered
response to carbachol. Similar deficits in the responses to other
cholinergic agonists were observed in AD membranes. A range of
impairments were observed when non-cholinergic agonists were studied
and when the responses to GTPyS and to cholinomimetics were
measured in additional brain regions. These results demonstrate that
there are severe deficits in the phosphoinositide signal transduction
system in AD and that impaired G-protein function is an important
contributory factor.

DIFFERENTIALLY ALTERED G-PROTEIN-MEDIATED SIGNALLING IN
ALZHEIMER’S DISEASE: A STUDY OF STAGED AUTOPSY CASES
T.G.Ohm* (1). R.Zarski (1). D.Rieeer-Hug (2). and J.Bohl(31
(1) Institut fur Anatomie, Charit£, Humboldt-Univ. 10098 Berlin,
(2) Zentrum der Morphologie, J.W.Goethe-Univer, 60590 Frankfurt,
(3) Neuropathologie. J. Gutenberg-Universitat, 55131 Mainz, Germany
G-proteins are the interface between many receptors and effectors. In recent
studies we showed that both stimulatory B-adrenoceptors and inhibitory Aladenosine receptors are unaltered in Alzheimer's disease (AD) (Lemmer et al.,
1993). The B-adrenoceptor-coupling to the stimulatory Gs-protein and the Gseffector-coupling, was altered, whereas the inhibitory receptor/Gi/effectorcoupling was intact (Schnecko et al., 1994). In the present study we determined
hippocampal G-proteins by means of standardized Western-blotting in 12 ADcases and 11 age- and post mortem delay-matched individuals with no clinical
history of cognitive impairment. However, 6 meet criteria for stages 11&III of ADrelated neurofibrillary changes (Braak and Braak, 1991). Data are shown as as
percent of control (stage 0) of standardized means.
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Stage
n/m
V(AD)

GsL
GsH
Go
Gs
52.4*
37.9*
63.0
65.8
61.2
50.8**
48.9**
42.8
(*=p< 0.05, **=p<0.02 vs control; Kruskal-Wallis test)

Gi
61.2
32.3**

There is no correlation between G-protein level and G-protein-mediated effector
stimulation or inhibition.

Supported by the DFG (Oh48/l-2)
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CALCINEURIN-LIKE PHOSPHATASE ACTIVITY IN CONTROL AND
ALZHEIMER'S DISEASE STRIATE CORTEX. CJ. Ladner andJ.M. Lee*.

PROTEIN KINASE C LEVELS AND ACTIVITY IN CULTURED SKIN
FIBROBLASTS FROM AFFECTED AND NON-AFFECTED MEMBERS OF
THE SWEDISH FAMILY WITH THE AMYLOID PRECURSOR PROTEIN
670/671 MUTATION. M. Vestling*, A. Adem, L. Lannfelt and R. F. Cowburn.

Neuroscience Program, Departments of Pathology and Pharmacology, Loyola Univ.
Stritch Sch. of Med., Maywood, IL 60153
Neurofibrillary tangles found in the brains of individuals with Alzheimer's disease
(AD) are composed of abnormally hyperphosphorylated forms of tau protein. The
phosphorylation state of proteins is determined by the balance of kinase and
phosphatase activities. Thus, the increase in tau phosphorylation may result from an
increase in kinase activity and/or a decrease in phosphatase activity. The present study
examined calcineurin-like phosphatase activity in homogenates of postmortem striate
cortex from age matched controls (n=6) and AD cases (n=7). The homogenates were
separated into particulate and cytosolic fractions. Phosphatase activity was assessed
using the substrate p-nitrophenylphosphate (10 mM) and measured as a change in
absorbance (1=405 nm) due to the formation of p-nitrophenol. Measurements of
phosphatase activity were determined in the presence or absence of calcineurin
activators (1 mM NiCl2 and 0.1 mM CaCl2) and calcineurin inhibitors (200 gM
trifluoperazine and 300 gg/ml cyclosporin A). In control particulate fraction, a
significant increase in phosphatase activity was observed in the presence of nickel.
The nickel-stimulated increase in phosphatase activity was antagonized by
trifluoperazine and cyclosporin A. These biochemical properties of the particulate
phosphatase activity are consistent with calcineurin. As a percentage of basal, nickel
produced a 65% increase in phosphatase activity in control particulate fractions, but
only a 24% increase in AD samples (p<0.03, student's t-test). Absolute values of
basal activity did not significantly differ between control and AD samples. In the
cytosolic fraction, no stimulation of phosphatase activity by divalent cations nor
inhibition by TFP and CsA was observed. In addition, no differences between control
and AD cytosolic samples were found. These findings suggest that particulate
calcineurin-like activity may be reduced in striate cortex in AD. Current studies are
examining the relationship between calcineurin activity with changes in
neuropathology.

1979

Department of Clinical Neuroscience and Family Medicine, Karolinska Institute, S141 86 Huddinge, Sweden.
The familial Alzheimer's disease-causing amyloid precursor protein (APP)
670/671 double mutation has been shown to give a 3-fold increase of B-amyloid
production in cultured fibroblasts from affected individuals. Since APP processing
can be regulated by protein kinase C (PKC) activation, we investigated whether the
phenotype of the APP 670/671 mutation included a PKC deficit in primary skin
fibroblasts.
PKC activities and levels were studied in the particulate and soluble fractions
from 6 mutation bearing and 7 control cell lines. PKC activity in the soluble
fraction, determined as the phosphorylation of endogenous histone substrate,
showed an age-related decline (r=-0.569, p<0.05, Fisher's test) when data from all
13 cell lines was analysed together. No significant differences were seen in soluble
PKC activity between mutation-bearing and control cell lines, the mean (± SEM)
values being 251 ± 20.2 and 225 ± 21.4 pmols/min/mg protein, respectively. PKC
activities in the particulate fractions were below the assay detection limit.
[3H]Phorbol-12,13-dibutyrate binding studies revealed no significant
differences in PKC levels between mutation-bearing and control cell lines when
assays were performed using a ligand concentration of 10 nM. The mean (± SEM)
PKC levels in the soluble fractions were 7.84 ± 0.50 and 6.56 ± 0.74 pmols/mg
protein, respectively. The corresponding values for the particulate fractions were
2.39 ± 0.24 and 2.21 ± 0.15 pmols/mg protein.
It is concluded that the APP 670/671 mutation does not result in altered
fibroblast PKC levels and activity. This is in contrast to the reported PKC deficits
in fibroblasts from other sporadic and familial Alzheimer's disease cases.

774.15

774.16

AGING CAUSES SELECTIVE LOSS OF CALBINDIN-Dm
FROM THE CHOLINERGIC NEURONS OF THE HUMAN BASAL
FOREBRAN. C.-K. Wu1*, M.-M. Mesulam2 and C. Geula!

INCREASED GLUCOCORTICOID (GR) AND MINERALOCORTICOID (MR)
RECEPTOR mRNA EXPRESSION IN HIPPOCAMPAL SUBREGIONS FROM
ALZHEIMER'S DISEASE PATIENTS. J.A. Davis* and R.M. Booze. Dept. of
Pharmacology, Univ. of Kentucky, Lexington, KY 40536TW84.
Corticosteroids have been implicated in the pathogenesis of neurodegenerative
disorders such as Alzheimer's disease. This study examined GR and MR mRNA
expression in human post-mortem brain tissue from Alzheimer’s disease (AD) patients
and age-matched controls. Tissue was collected from 27 AD patients (age=79.5±l.5
yrs; 15 women, 12 men) and 10 control patients (age=75.3±2.8 yrs; 7 women, 3 men)
from the ADRC at Sanders-Brown Center on Aging. Brodmann Area 9, hippocampus
and cerebellar tissue was collected and immersion-fixed in 4% paraformaldehyde.
Tissue blocks were cryoprotected and sectioned (40gm) at -17°C onto Vectabond coated
slides. Stained and hybridized sections were counted positive ceUs/100 pm2) using the
MCID M4 imaging system. Thioflavin-S stain confirmed the presence of amyloid
plaques and neurofibrillary tangles in AD brains. Following non-isotopic in situ
hybridization of GR and MR mRNA, significantly higher levels of MR mRNA
expression were observed in Area 9 from AD patients relative to controls (18.65
ceUs/100pm2 versus 7.50 ceUs/lOOpm2). The CA3 region from AD patients exhibited
a modest 44% elevation in MR mRNA expression compared to controls (32.7£±2J1
versus 22.65±7.16 cells/10Opm2, respectively). Slightly elevatedlevels of GR mRNA
expression was detected only in the CAl region of AD brain (20.13±3.69 cells/lOOpm2)
compared to GR mRNA message expression in the CAl region from control tissue
(16.4511.45 ceU/lOOpm2). This data suggests that altered expression of corticosteroid
receptors could have a role in neurodegeneration observed with normal aging and AD.
Progressive faiiure of calcium homeostasis initiated by glucocorticoid action is
associated with cell loss in aging and AD. Our experiments indicate that individual
variation in aging and AD is an important factor with regard to assessing mechanisms
which undertie cell loss. (Supported by AG10836)

xHarvard Medical School, Boston, MA 02215 and
2NorthwesternUmversity MedicalSchool, Chicago, IL60611.
Age-retated changes in Cabincdn-^aK immunoreactivity
within the cholinergic neurons of the basal forebrain
(BFCNs) were studied in the human brain and compared to
changes in choline acetyltransferase(ChAT) and nerve
growthfactorreceptor (NGFr) immunoreectivity. CalbindinD28k , ChAT and NGFr were visualized immunorustochamically
in adjacent sections of the basal frrebeaio in 12 brains from
normal individuals 20-91 years old. The BFCNs in the
majority of individuals over 70 years (n=6 of 7) displayed a
marked loss of Ctlbmdin-D28K imIIunoreactivity when
compared with individuals younger than 70 years of age
(n=5). This loss was observed in all BFCN groups and
reached a magnitude of 80%. ChAT and NGFr immunoreactivity, which are co-localized with CabmcUn-D28K in these
cholinergic neurons, displayed no similar age-related loss,
indicating the selectivity of this observation. Loss of
Cabmdin-D28K would deprive cholinergic neurons of the
capacity to buffer intracellular calcium levels and leave them
vulnerable to processes which increase intracellular calcium
and thus lead to neuronal death. The age-rented loss of
clbindin-D288 from the BFCNs is a potential mechanism for
the selective loss of these neurons in neurrdegeneeative
diseases of the elderly, such as Alzheimer's disease.
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17a-ESTRADIOL EXERTS NEUROPROTECTIVE EFFECTS ON SK-N-SH
CELLS. J.W. Simpkins. P.S. Green, J. Bishop and N. Tumer*. Center for the
Neurobiology of Aging and the Departments of Pharmacodynamics and
Pharmacology, GRECC, VA Medical Center, University of Florida, Gainesville,
FL.
Estradiol (E2) has been shown to exert organizational, neurotrophic and
neuroprotective effects in the central nervous system. The present study assessed
the specificity of the neuroprotective effects of estradiol for the potent 17B-isomer.
SK-N-SH cells from a human neuroblastoma cell line which we have shown to be
estrogen-responsive, were cultured at low or high plating density. Cells were then
exposed to 17B-E2 (0.2 or 2nM), 17a-E2 (0.2 or 2nM), cholesterol, testosterone,
or dihydrotestosterone (aU at 2nM), progesterone or corticosterone (0.2 to 200
nM). Cultures were insulted by serum deprivation, which caused a profound loss
of cells. At 1 or 2 days of serum deprivation and steroid hormone replacement,
the protection afforded cells by the steroid addition was assessed. Semm
deprivation killed about 90% of cells cultured at both low and high plating
density. Both 17a- and 178-E2 provided a dose-tiepeadent protection of SK-N-SH
cells at either plating density. By contrast, none of the other steroids tested
protected cells from the insult of serum deprivation. The addition of progesterone
(2nM) to cultures did not effect the cytoprotection observed with either isomer of
estradiol at either dose. These results indicate that the neuroprotective effects of
estrogens are not a general steroid effect and do not relate to the potency of
estradiol isomers, as assessed by binding to cytosolic estrogen-receptors or
responses of peripheral estrogen-responsive tissues. As such, the neuroprotective
effects of estrogens may be mediated by a non-genomic mechanism. (Supported
by NIH AG10485 and Apollo Genetics, hie.)
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EFFECTS OF U-101033E ON THE EXPRESSION OF AMYLOID
PROTEIN PRECURSOR, APOLIPOPROTEIN E, GLIAL FIBRILLARY
ACIDIC PROTEIN, AND B-AMYLOID EXPRESSION FOLLOWING A
BILATERAL CAROTID OCCLUSION IN THE GERBIL. J.A.Oostveen*.
D.B.Carter, E.Dunn, and E.D.Hall. CNS Diseases Research, The Upjohn
Company, Kalamazoo, Ml 49001.
Previously we have shown that a brief period of bilateral carotid
occlusion (BCO)-induced forebrain ischemia in gerbils triggers a progressive expression of amyloid protein precursor (APP), apolipoprotein E

(APO-E), glial fibrillary acidic protein (GFAP), and p-amyloid (p-AP) in the
selectively vulnerable CA1 region of the hippocampus. The increase in
immunoreactivity is secondary to the degeneration of the CA1 neurons.
Oxygen radicals and Iipid peroxidation (LP) have been demonstrated to
play a role in post-ischemic neuronal damage, and recent literature
suggests a possible Iink between early oxidative stress and subsequent
APP expression. Therefore, the present investigation examined the effect
of a novel brain penetrating pyrrolopyrimidine LP inhibitor (U-101033E) on

APP, • APO-E, GFAP, and p-AP expression. Gerbils were treated at 30
mg/kg p.o. 30 min prior to the BCO and 2 hrs post-ischemia, followed by
daily dosing for the next three days. U-101033E provided a significant
decrease in the expression of all markers (p<0.05), which correlated with
a significant effect on preservation of the CA1 neuronal cell population
(p<0.05) as determined by cresyl violet histochemistry. Lipid peroxidation
inhibitors may provide attenuation of various response proteins to
ischemic injury, probably through reduction of neuronal cell damage.
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SUBSTANCE P POTENTIATES INTERLEUKIN-1 p- AND LPSINDUCED RELEASE OF IL-6 FROM HUMAN ASTROCYTOMAS.

C.E. Nolan. K. Richter. M.A. Collins, and R.B. Nelson*. Department of
Neuroscience, Pfizer Central Research, Groton, CT.
Astrocytes responding to optic nerve transection upregulate high-affinity
substance P-binding sites (NK-1 receptors) within a month following the injury (PNAS 86:5193). The functional consequences of NK-1 receptor upregulation on reactive astrocytes are unknown. Because this receptor upregulation occurs in the context of an inflammatory response to brain injury, we
sought to determine how substance P (SP) interacts with pro-inflammatory
factors in modulating reactive astrocyte function. We first determined (as
previously reported) that in U373 cells SP alone causes a moderate dosedependent increase in both IL-6 release and intracellular calcium levels. Both
effects are blocked by the non-peptide NK-1 antagonist CP-96345. The
maximal SP-evoked IL-6 release is at least 10-fold less than the maximal release evoked with the pro-inflammatory agents IL-'ip or Iipopolysaccharide
(LPS). However, we found that SP can interact synergistically with either IL1p or LPS to increase IL-6 release. For example, 1 pM IL-1p and 100 nM SP
added separately to U373 cells caused a total increased IL-6 release of 2250
pg/ml, but in combination produced an increase of 3350 pg/ml, a 43% synergism. A more dramatic synergism was found between 100 nM SP and and 10
pg/ml LPS where the increase in IL-6 release caused by the combination of
both agents was 200% greater than the total release evoked for both agents
added separately. This potentiation occurred over a limited dose range for
both IL-'ip and LPS and did not appear to be attributable simply to shifting the
EC50s for these agents. The present findings suggest that substance P may
potentiate cytokine-evoked release of IL-6 from reactive astrocytes. Since
astrocyte overexpression of IL-6 in vivo has been shown to produce neurodegeneration, NK-1 antagonists may have therapeutic application in neuropathologies involving chronic CNS inflammation, such as Alzheimer's
disease, multiple sclerosis, and Parkinson's disease.
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TROPHIC SUPPLEMENTS OF MESENCEPHALIC CELLS IN HIBERNATION
MEDIA ENHANCES SURVIVAL OF DOPAMINE NEURONS. P.M. Carvey*

L. R. Ptak and Z.D. Ling. Research Center for Brain Repair, Rush-Presbyterian-St. Lukes
M. C., Chicago, IL60612.
Mesencephalic neurons destined for transplantation into the striatum of patients with
Parkinson's disease (PD), are generally held in hibernation (high K+ salt solutions at 4°C)
for several days prior to surgery. During this time, tissue viability can drop by as much
as IO%/day. We evaluated the effects of supplementing the hibernation media with
various trophic solutions including striatal extracts, human placental cord serum (HPCS),
fetal caf serum (FCS), brain-derived neurotrophic factor (BDNF) and epidermal growth
factor (EGF) to assess their effects on the survival of hibernated cells. E15 rostral
mesencephalic tegmentum cells containing DA neurons were harvested, processed and
immediately placed into hibernation media alone or with various trophic supplements.
After 5 days the cells were washed, viability was assessed using trypan blue exclusion,
and \(^000 viable cells were seeded onto established E15 striatal feeder cultures
(100,000 ceIIs/cm2).
After 72 hours, the cultures were processed for
immunocytochemistry and the number of tyrosine hydroxylase immunoreactive (THir)
neurons was assessed. AII trophic supplements enhanced viability relative cells held in
hibernation media only. This effect was not due to a stabilizing effect of protein on the
media since bovine serum albumin did not alter viabihty. Striatal extracts, HPCS and FCS
also enhanced the “survivability” of THir cells disproportionately. Thus, these trophic
supplements not only increased survival in hibernation, but once plated out at equivalent
seeding densities, a larger number of THir cells with more developed processes was
observed. These data demonstrate that trophic supplements can enhance the viabihty as
well as survival of DA neurons heldin hibernation. TrophicsupplemCTTsmay reduce
apoptosis initiated during storage thereby reducing the impact programmed cell death has
on the survival ofDA neurons following transplantation. (Supported by 1ROINS33174).
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STRIATAL TRANSPLANTATION OF MICROENCAPSULATED BOVINE
CHROMAFFIN CELLS REDUCES ROTATIONAL BEHAVIOUR IN THE
RAT MODEL OF PARKINSONISM. P.W. Tsang. H.C. Kwan* and A.M. Sun.
Department of Physiology, Urnversityof Toronto, Toronto, ON, M5S1A8, CANADA.

Striatal transplantation of dopamine-producing tissue has been proposed as a
possible treatment for Parkinson’s disease. To avoid the ethical issues associated
with the use of human fetal tissue, transplantation of chromaffin cells from the
adrenal gland has been suggested; however, survivability of these transplants is quite
low. In our study, we assess the efficacy of bovine chromaffin cell transplants
immunoisolated within a permselective biocompatible polymer membrane vs. free cell
transplants in the rat model of parkinsonism.
In vitro studies compared levels ofhigh-potassium depolarization^voked release of
catecholamines from free chromaffin cells vs. cells microencapsulated within
alginate/poly-lysine/alginate (APA) capsules. Results of a perifusion study showed
comparable levels of release from both free and encapsulated cells; 1 x IO4
encapsulated cells released approximately 4700 ng of noradrenaline, 5000 ng of
adrenaline and 350 ng of dopamine. In vivo testing compared the effects of sham
(empty capsule), free cells and encapsulated cells implanted into the striatum of male
Wistar rats with unilateral 6-hydroxydopamme lesions of the substantia nigra.
Lesions resulted in rotational behaviour upon admirustration of the dopamine agonist,
apomorphine (APO). Weekly APO challenges revealed significant differences in the
3 experimental groups, with an average of 29.3 ± 3.6% reduction in the number of
rotations in the sham group, 49.8 ± 4.6% reduction in the free cell group and 68.2 ±
4.4% reduction in the encapsulated cell group, in excess of 16 weeks posttransplantation (ns= 5, n/= 5, n, = 6; one-way ANOVA, p < 0.001). The results
demonstrate that the APA membrane allows the passage of secreted catecholamines
out of the capsule. The use of immunoisolated cells may improve cell survival
following transplantation, thus reducing rotational behaviour in our animal model

This work was supported by the Medical Research Council of Canada.
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ADDITION OF ADENOVIRAL VECTORS TO EMBRYONIC VENTRAL
MESENCEPHALON CELL SUSPENSIONS USED FOR STRIATAL
IMPLANTATION INTO b-OHDA-DENERVATED RATS INDUCES
DETRIMENTAL IMMUNE RESPONSES. E. Roy*. L. Gregoire. F. Tardif. P.
J. Bddard and C. Gravel. Neurobiology Res Center, Fac. of ’Med., Laval Univ.,
Quebec, CanadaGlJ 124l.
As survival and differentiation of embryonic dopaminergic cells in vitro can be
enhanced by exposure to neurotrophic factors, it may be possible to enhance
survival and differentiation of dopaminergic donor cells in vivo in grafting trials
by exposing them to an increased supply of such factors. In practicehowever, this
is difficult to achieve and very invasive techniques such as intraparenchymal
cannulation or coadministration of genetically-engineered cells are required. An
alternative strategy would be to use gene transfer techniques to confer in situ
increased expression of neurotrophic factors to donor and/or host cells. To test
such a strategy, we have performed intrastriatal transplantation of embryonic
ventral mesencephalon (VM) cell suspensions into the striatum of 6-OHDAdenervated rats using our standard protocols (Rioux et al.), with or without the
addition of 3 x IO7 pfus of El-deleted adenoviral vectors encoding either E.coli
LacZ (Ad5-CMV-LacZ) or human BDNF (Ad5-CMV-BDNF) in the inoculum.
Striatal tissues were analysed 7 days after grafting. Addition of either adenoviral
vectors to the donor suspension has detrimental effects on graft survival and
differentiation, as illustrated by the reduced numbers of surviving TH+ cells and
their restriction to a smaller area of the host striatum. Perivascular cuffs are
observed and Mac-I immunoreactivity is increased in the striatum of animals
grafted with the suspensions supplemented with either vector, and GFAP+ cells
are much less numerous in the graft in comparison to controls. We suggest that
these effects result from the immune rejection of both grafted and host infected
cells triggered by the presence of the adenoviral vectors in the tissues. Immune
rejection of adenovirus-infected cells have been documented before by us and others
in peripheral organs, but have not been reported yet in CNS tissues. We believe
that the damage caused to the blood-brain barrier by the grafting procedure is
instrumental in this rejection process, and we will suggest alternative strategies to
prevent this rejection. [Supported by the MRC, the Parkinson Foundation of
Canada and the Canadian Networks of Centres ofExcellence.]
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CHARACTERIZATION OF HSV-I-EXPRESSED TYROSINE HYDROXYLASE IN A NON-DOPAMINERGIC CELL LINE. F. Serrano*. M.A.
Bendert, W,F. Goinst, M.J. Zigmond, J,C. GIoriosot and T.G. Sherman.
Department of Neuroscience and _Department of Molecular Genetics and
Biochemistry, University of Pittsburgh, Pittsburgh, PA 15260.
The delivery of foreign genes into CNS neurons may aid in the
treatment of certain neurodegenerative diseases, such as Parkinson's
disease. Herpes simplex virus (HSV-I) is one tool that demonstrates
particular promise for this function. We have previously presented
information on our design and construction of a ror-repIicatirg HSV-I
variant that utilizes the expression of a transcriptional activator
(GAL4:VP16) as a means of prolonging targeted gene expression during
viral latency in cells of the CNS (Soc. Neurosci. Abstract 79.19, 1994).
What remains unknown, however, is information describing the full
complement of expressed genes required for the phenotypic conversion of
ror-catecholamirergic cells into dopaminergic cells. To begin addressing
this question, we are now investigating the kinetic variables of virallyderived tyrosine hydroxylase (TH) expressed in non-dopaminergic cells in
culture. Vero cells, a stable line derived from monkey kidney cells, were
infected with HSV-I constructs expressing the TH gene, either alone or in
combination with the GAL4:VP16 transactivator. TH-vector infected Vero
cells produced detectable TH protein at 24 h post-infection, and this TH
protein was shown to be enzymatically active in an in vitro assay for TH
activity. Expressed TH was 4-fold increased in activity after 48 h of
infection compared to 24 h. Co-infection of cells with the GAL4:VP16 virus
produced no additional effect at 24 h; however, a 3-fold increase in TH
activity was found after 48 hr compared to infection with the TH construct
alone. Preliminary studies indicate that Vero cells expressing TH are
capable of producing quantifiable levels of DOPA. (Research is supported
by NINDS grant MH19608; F.S. by NIMH Training grant MH18273.)
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LONG-TERM GENE EXPRESSION IN VIVO, DRIVEN BY A TYROSINE
HYDROXYLASE PROMOTER IN A DEFECTIVE HERPES VIRUS
AMPLICON VECTOR. M.Belloni, B.Conti, H.J.Federoff 1 B.K.Jin, T.H.Joh
* Cornell Univ.Med.Coll.at The Burke Med. Res. Inst., White plains, NY
10605., ’Albert Einstein Coll. Med., Bronx, NY 10461.
Defective herpes simplex type 1 (HSV-1) viral vectors have been widely used
for in vivo gene transfer in the central nervous system (CNS). Because the
duration of gene expression directed by the viral promoters in amplicon vectors
is short-lived, we constructed an amplicon vector in which gene expression was
directed by the tyrosine hydroxlase (TH) promoter. A 9.0 kb fragment of 5’
upstream DNA sequence of the rat TH gene, previously shown to direct tissuespecific expression in transgenic mice, was fused to LacZ gene in HSV amplicon
(THlac). The viral IE4/5 promoter (HSVlac) was used as a control. Sprague
Dawley rats received unilateral stereotaxic injections of vims stock into
substantia nigra (SN). To determine retrogradely transported expression, vims
stock was injected stereotaxically into striatum. After three weeks rats were
sacrificed for X-gal histochemical and TH immunocytochemical analysis. In rats
receiving nigral injections of THlac, expression of the LacZ gene was observed
in neurons as well as glia. In rats receiving striatal injections, blue cells were
also observed in SN ipsilateral to injection side. These blue cells were nigral
dopaminergic
neurons
evidenced
by
double
staining
with
TH
immunocytochemistry. In contrast, neither nigral nor striatal injection ofHSVlac
resulted in prolonged gene expression. The present study suggests that a
neuronal, but not a viral promoter, will direct longer-term expression in adult
brain. Supported by NIH grant, MH24285.

CHARACTERIZATION
OF
FIBROBLAST
CELLS
GENETICALLY MODIFIED TO PRODUCE L-DOPA IN VITRO
AND IN VIVO. C. Bencsics*. S. R. WachteL D. Young and U. J.
Kang. Dept. of Neurology, University of Chicago, Chicago, IL 60637.
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In previous studies, we have generated cells (FFKlTHGC) which
produce L-DOPA by doubly transducing primary fibroblasts with the
cDNA's for tyrosine hydroxylase (TH) and GTP cyclohydroIase 1
(GTPCH1). These cells produce L-DOPA spontaneously since they
produce tetrahydrobiopterin (BH4) which is the cofactor for TH.
To examine dopamine synthesis in vitro, FFKlTHGC cells were
cocultured with fibroblasts engineered to produce aromatic L-amino
acid decarboxylase (FFKlAADC). Cocultured cells were incubated
with media containing 0.01% of ascorbic acid for one hour. This
media was analyzed for L-DOPA and dopamine (DA) by HPLC-ED.
FFKlAADC and FFKlTHGC cells cocultured with unmodified
fibroblasts served as controls. FFKlTHGC cells produced high levels
of L-DOPA.
When FFKlTHGC cells were cocultured with
FFKlAADC cells, there was a reduction in L-DOPA and dopamine
was detected in the media.
These FFKlTHGC cells were grafted into the striatum of rats
depleted of DA by 6-OHDA. Immunostaining for TH in FFKlTHGC
cells was more robust compared to FFKlTH grafts, suggesting that
BH4 may have another role in addition to acting as a necessary
cofactor for its enzymatic activity. Further in vivo studies examining
biochemical and behavioral effects of these cells are in progress.

775.8

days of age) were divided into four groups: 1) a control group, 2) a sham
group, 3) a PAM Oil group, and 4) a PAM omental group. PAMs were
produced by intracranial administration of 6-hydroxydopamine (6-OHDA).
Apomorphine induced rotational studies were conducted weekly to monitor the
progression of the motor deficit. Following two weeks of behavioral testing, the
PAM Oil group received laparotomy followed by craniotomy over the area of
the temporal Iobe followed by closure of the wounds. The PAM omental
animals received laparotomy and an omental flap with intact vascular pedicle,
was brought to the interscapular area. Approximately one week after this
surgical procedure, the proximal end of the pedicle was brought under the
subcutaneous tissue and transposed to the surface of the cortical area at the
level of the parietal-temporal Iobe juncture. Apomorphine induced rotational
studies were continued an additional three weeks. The results showed that the
number of rotations was significantly Iess (p<0.001) in the PAM omental group
when compared to the PAM Oil group. The results suggest that pedicled
omental graft might be effective in ameliorating the progression of a PAM.

HOW FUNCTIONAL NEUROSURGICAL PROCEDURES WORK IN
PARKINSON’S DISEASE: A THEORETICAL EXPLANATION. K. V. Baev*, K
A. Greene, A. G. Shetter, A. N . Lieberman. Barrow Neurological histitute,
Phoenix, Arizona 85013.
In a previous publication (Baev K.V., Neurol. Res. 1994, v.l7, 38-48) it was
suggested that the skeletomotor basal ganglia-thalamocortical loop(s) can be
considered as a functional system that models the behavior of the body and the
environment during movement control. This predictory mechanism has to be tuned
on the controlled object in order to function properly, i.e., it has to be a learning
system. The parameters of this system are tuned on the object behavior using an
error signal that comes from the substantia nigra pars compacta. Minimization of the
error signal is the final stage of learning process.
Therefore, Parkinson's disease (PD) has to be considered to result from
degeneration of the error distribution system. Based on this theory, we make the
conclusion that functional neurosurgical procedures such as pallidotomy or
thalamotomy trick the controlling system in such a way that it does not recognize an
error in its prediction anymore. Lesions placed in the pallidum or its projections to
the thalamus make predictive signals less important so that real afferent flow from
the controlled object prevails. After placement of a lesion in nonpallidal thalamic
projections, the system primarily chooses predictive model afferent flow to
determine the current st; te of the object. Therefore, these surgical procedures have
to be considered symptc natic treatments: There is no real improvement of system
function, only alleviation of the symptoms of PD. Chronic stimulation of basal
ganglia circuitry through implanted electrodes has to be considered as adding noise
to the system in addition to a functional block that it places at the stimulation site.
Noise helps the system to slid, down along an error surface to its global minimum
when the model correctly describes the object behavior. Other methods of treatment
of PD such as transplantation will be also discussed.

775.9
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POSTEROVENTRAL PALIDOTOMY INDUCES
MOTOR
IMPROVEMENT AND DYSKINESIA IN MPTP-MONKEYS. M,R.
Luquin*. J. Guillen, L. del Rio. J. Dominguez and C. Davila. Department of
Neurology, Clinica Universitaria de Navarra, MedicaI School, University of
Navarra, Pamplona, Spain.

THE MECHANISM OF ACTION OF PALLIDOTOMY IN
PARKINSON'S DISEASE (PD): CLINCAL AND PHARMACOLOGICAL
RESPONSE, G. Linazasoro, J.A. Obeso, A. Gorospe, E. Ramos, R. Bakay,
M. DeLong, J. Vitek*, Clinica Quirdn, San Sebastian (Spain) and Emory
University Hospital, Atlanta, GA 30322
Six patients with PD were evaluated before and 3-6 months after
microelectrode guided unilateral pallidotomy. Rigidity and akinesia were
measured individually for each body segment, and arm and leg timed tapping
tests were scored at baseline and after 24-72 hours without drugs.
Pharmacological tests assessed the duration of the motor response (ON) to
Sinemet (250/25 mg) and subcutaneous apomorphine (2,4,6,8 mg) and the
severity and type of dyskinesias. Pallidotomy induced a marked reduction in
akinesia and rigidity mainly contralateral to the lesion. The duration of the
response to Sinemet was significantly prolonged and dyskinesias
disappeared completely. Some body segments, i.e. shoulder, showed a
permanent improvement after 24-72 hours without medication. Pallidotomy
shifts the pharmacological response towards characteristics compatible with
milder seventyof parkinsonism. The response to dopaminergic drugs is not
blocked by padlidotomy.

THE EFFECTS OF A PEDICLED OMENTAL GRAFT TO THE BRAIN OF
RATS WITH NIGROSTRIATAL LESIONS. N.S. Norton*. M. Brown. A.-A, Patil.
A.J. Griess, B. Zumpano, and J.F. Rodriguez-Sierra. Dep't. of Cell Biology &
Anat. and Div. of Neurosurg., Univ. of Neb. Med. Center, Omaha, NE 68198.
Parkinson's Disease is a debilitating illness characterized by degeneration of
the dopaminergic neurons in the nigrostriatal system. The greater omentum
possesses an abundant supply of dopamine and is capable of developing
cortical vascular connections when transposed to the brain. We investigated
the potential benefits of transplanting a pedicled graft of the greater omentum
to the brain as a potential therapy in a Parkinson's animal model (PAM) since
the omentum might increase the supply of dopamine to the corpus striatum
and retard progression of the motor deficits. Sprague-Dawley male rats (60

We have studied the effect of the lesion of the globus pallidus medialis (GPM)
in 3 monkeys rendered parkinsonian by intravenous administration of MPTP.
Monkeys were allowed to recover from the last MPTP injection up to 6
months and they did not receive any dopaminergic agents. Fine motor tasks
were performed in all animals before MPTP administration and inmediately
before surgery, when the degree of parkinsonism was considered stable.
Unilateral posteroventral palidotomy was performed in 2 monkeys while in the
other animal, the lesion was made in both GPM. The lesion of the GPM was
made by injecting 1-2 pl of 50 nM kainic acid using a modified David Koff
stereotaxic frame. Unilateral lesion of the GPM induced a contralateral
amelioration of parkinsonism with a parallel improvement of fine motor tasks,
but mild contralateral chorea was also observed, which persisted up to 3
months. BiIateraI lesion of GPM induced severe generalized dyskinesia with
improvement of parkinsonism. Post-mortem analysis showed the lesion was
confined to the posterior part of the GPM, but a cell depletion was also
observed in the dorsolateral part of the subthalamic nucleus homolateraI to the
esion.
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THE MECHANISM OF ACTION OF PALLIDOTOMY IN
PARKINSON'S DISEASE (PD): PHYSIOLOGICAL AND DMG^JG
STUDIES. J.A. Obeso*, J.C. Rothwell, A. CebaIlos-Bauman, N. Leenders,
D. Brooks, P. Asselman, G. Linazasoro, J. Guridi, R. Bakay, J. Vitek, M.
DeLong, Clinica Quiron, San Sebastian, Spain; MRC Motor and PET Units,
London (UK), PauI Scherer Institute, Viiliggen (Switeerladd), Emory
University Hospital, Atlanta, GA
Six patients with PD were evaluated before and 3-6 months after
microelectrode guided unilateral pallidotomy. Laboratory assessment
included recording EEG premovement potential, magnetic cortical
stimulation of the motor cortex, interonset latency (IOL) for performing
sequential hand movements, simple and choice reaction time (RT), the long
latency stretch reflex and the blink reflex. Positron Emission Tomography
(PET) water scans (Oxygen-15) were taken while the subjects performed
sequential hand movements. Following pallidotomy, all patients improved
clinically but hand function remained unchanged in two. PET studies showed
a significantly increased activation of the supplementary motor area (SMA),
areas 6 and 4 and dorsolateral prefrontal cortex in 4 patients. The IOL for
sequential hand movements was reduced by 44% and simple RT was
decreased by 34%. There were no significant changes in the LLSR, blink
reflex and motor cortex recovery curves and choice RT. Restoration of
premotor and dorsolateral prefrontal cortex activity appears to be an
important mechanism mediating the effect of pallidotomy in PD.

Characteristics Of 1aF labelled-ligands for Dopamine and
dopamine .Transport Fwnction Using Positron Emission
Tomography (PET). Bakay RAE*, Goodman MM, Boyer KL,
Watts RW, Byrd L, Hoffman JM, Departments of Neurology
and Neurosurgery, Emory University School of Medicine, Atlanta, GA

30322.

In order to develop and characterize Dopamine and Dopamine transport
function in CNS transplantation by non-invasive techniques, a series of
nonhuman primate studies were performed using PET. Fluorodopa is a
standard for evaluating the dopaminergic system, but has a high signal-tonoise ratio. Dopamine transport complex is important in the regulation and
synthesis of Dopamine, and is diminished in Parkinson's disease. Two
distinct isotopes have been developed; fluoro-propyl-chloro-nortropane
(FPCT) and fluoro-isopropyl-chloro-tropane (FIPCT). These compounds
were synthesized to minimize nonspecific binding and achieve maximum
specific activity. Nonhuman primate studies have been performed that
characterize both blood and brain kinetic behavior of these isotopes. In
combination with fluorodopa, it will be possible to completely characterize
the uptake, binding, incorporation, release, and reuptake of Dopamine in
vivo using PET. Data from normal, MPTP-lesioned, surgical controls and
fetal mesencephalic grafted nonhuman primates will be presented.
Supported by NS-24340 and R R4X)165.
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INCREASED DOPAMINE TURNOVER IN THE MPTP-INDUCED
MODEL OF PARKINSONISM IN PRIMATES MEASURED BY PET
WITH FLUORODOPA (FD). D.J. Doudet*. J.E. Holden, G. Chan, S.
Morrison and T.J. Ruth. Div. Neurology, Dept. Medicine, Univ. British
Columbia and UB^/Triumf PET, Vancouver, BC, Canada, V6T 2B5
The graphical analysis of PET data permits to estimate the striatal
uptake rate constant (Ki) of FD. An extension of this graphical method
made it possible to estimate the rate of loss of striatal signal (Kloss)
during FD PET studies. Kloss is an index of the release, metabolism and
outward diffusion of fluorodopaEiee and its metabolites. We examined
the rate of loss of striatal signal in FD PET studies in normal and
MPTP-treated rhesus monkeys to explore the hypothesis that dopamine
(DA) metabolism is increased in parkinsonism.
Four unilaterally MPTP-treated rhesus monkeys and 4 age-matched
controls were scanned in an ECAT 953B/31 tomograph for up to 4 hrs
after injection of 5 mCi of FD. Metabolite analysis was performed using
an alumina extraction method with amon/cation exchange columns. The
extended graphical analysis was used to calcultate Kloss. Kloss was
significantly (p<O.C5) higher in the MPTP-treated striatum (0.00573
±0.002 Ein'1) compared to the unles^ed striatum (0.00243± 0.00069
mm1) and controls (0.00258±0.00069 Eie■1)).
These results are in keeping with the hypothesis of compensatory
increase in DA turnover in parkinsonism. Kloss as measured with FD
PET may be used to explore DA presynaptic compensatory mechanisms.

[ 18F]6-FLUORO-L-M-TYROSINE: INITIAL STUDIES OF METABOLISM
AND PHARMACOKINETICS. S. Jordan. J.L. Eberting*. H.F. VaeBrock|ie, J.P.
O'Neil. K. Bankiewicz. W.J. Jagust. Center for Functional Imaging, Lawrence
Berkeley Laboratory, University of California, Berkeley, CA 94720: Somatix
Therapy Corp. Alameda, CA 94501.
[^Flb-fluoro-L-E-tyrosine (FMT) has many favorable characteristics as a
Positron Emission Tomography (PET) tracer of dopaminergic function. During
dynamic PET imaging with FMT in 3 rhesus monkeys we measured plasma FMT
and its F18-labeled metabolites 6-fluoro-3-hydroxyphenylacetic acid (FPAC) and 6fluoro-3-hydroxyphenylethylamine (FMA). In a separate study. 4 animals were
injected with FMT and euthanized 60 and 120 mins later to determine its
metabolism in brain. In both studies, samples were separated by HPLC and
fractions containing labeled FMT, FPAC or FMA were counted for F18 activity.
Elution times were calculated for external standards by HPLC with electrochemical
detection which enabled fraction identity. These blood and brain data were used to
construct a kinetic model for FMT. The major FMT metabolite in plasma was
FPAC, which together with FMA accounted for over 20, 30, 40 and 50% of total
plasma activity at 10, 30, 60 and 120 mins after FMT injection, respectively.
FPAC was also the predominant metabolite in 60 and 120 minute post-mortem
brain samples, representing over 80% total activity in both caudate and putamen.
Less metabolism occurred in regions containing few dopamine terminals, such as
frontal cortex (over 30% total activity was FMT), and cerebellum (over 40% total
activity was labeled FMT). A three rate constant fit to a three compartmental
model of FMT uptake, using the metabolite-corrected blood input function with
the dynamic PET brain uptake data, revealed higher k3 values in both caudate
(0.06±0.01) and putamen (0.05±0.003) than frontal cortex (0.002±0.001). Taken
together these data support the use of this tracer in studying dopaminergic function
in parkinsonian primates following eeurograftieg and gene therapy.
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PET [18F]6-fluoro-L-m-tyrosine Imaging ofMPTP-lesioned Primates. W.J.
Jagust*. J.L. Eberling. S. Jordan. H.F. VaeBrocklin. J.P. O'Neil. M. Emborg, D.
Rosenberg. K.S. Bankiewicz Center for Functional Imaging, Lawrence Berkeley
Laboratory, University of California, Berkeley, CA 94720; Somatix Therapy
Corporation, Alameda, CA 94501.
PET studies using the dopamine tracer, [18F]6-fluoro-L-dopa (F-dopa) have been
used extensively to study Parkinson’s disease. Interpretation of these studies has
been limited because of the presence of methylated metabolites that readily enter
the brain. Here we report the results of PET studies using the tracer [18F]6-fluoroL-m-tyrosine (FMT) in 3 monkeys before and at weekly intervals after unilateral
intracarotid artery (ICA) and i.v. MPTP administration. Animals were injected
with approximately 10 mCi ofFMT and were imaged for approximately 2 hours.
Prior to MPTP administration, all animals showed preferential accumulation of the
tracer bilaterally in the striatum and midbrain, but little accumulation in other
brain regions. Following unilateral ICA MPTP administration (3 mg MPTPHC1), we observed decreased signal in the striatum on the lesioned side and
increased signal in the nigra/VTA complex. After i.v. MPTP administration (0.3
mg/kg) we observed a further reduction in signal in the striatum on the previously
lesioned side, as well as a reduction on the contralateral side. Data were analyzed
using a 3 compartment model with 3 rate constants to describe the time course of
radioactivity in the striatum. Prior to MPTP administration the mean value for
k3, describing FMT decarboxylation, was 0.06 (sd = 0.01) for the putamen.
Following unilateral ICA MPTP administration, k3 for the putamen was 0.003 (sd
= 0.001) for the lesioned side, and 0.04 (sd = 0.01) for the contralateral side. After
i.v. MPTP administration there was a further decrease in k3 for the previously
lesioned putamen (mean k3 = 0, sd = 0.0001), as well as a decrease on the
contralateral side (mean k3 = 0.02, sd = 0.01). These values corresponded to the
extent of progressive clinical deterioration. FMT produces robust estimates of
dopaminergic function which are effective for tracking MPTP lesions and should be
helpful in detecting grafts .of genetically modified cells in this model.

ELEVATION OF TYROSINE HYDROXYLASE (TH) mRNA EXPRESSION
AND FLUORO-META TYROSINE (FMT) SIGNAL MEASURED BY
POSITRON EMISSION TOMOGRAPHY (PET) IN THE SUBSTANTIA NIGRA
(S.N.) AFTER MPTP ADMINISTRATION BM MONKEYS. D. Nagy*. L L.
Eberting#, W. J. Jagust#. S. Jordan#. M.E.EEborg. W.W McLaughlin and
K.S.Baekiesicz. Somatix Therapy Corporation. Aameda. CA 94501 ^Lawrence
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Administration of 0.4 mg/kg of MPTP into one internal carotid artery (ICA)
produces heEiparkiesonism (HPD) in monkeys (ms). In this study we examined TH
mRNA expression in normal and 4 HPD+ ms, while 3 other ms. underwent PET
scanning after FMT administration before and at weekly intervals after ICA and i.v.
MPTP administration. The es received an intracarotid infusion of 3 mg of MPTPHCL supplemented with 0.3mg/kg i.v. to induce general parkinsonian signs in
addition to HPD. These animals were abe to sustain themselves without any LDOPA administration. The in-situ hybridization (ISH) technique was applied for the
detection of the TH e RNA content of the midbrain DA cells using 35S labeled
complementary RNA probes. Adjacent sections were stained for H&E and examined
for TH-imEunoreactivity (TH-IR). In the SN on tbe side ipsitateraI to MPTP
infusion very few TH-IR cells were present and contralateraI SN appeared to be
partially ksiioned. TH e RNA expression was found higher in the SN on the
partially lesioned side of the treated animals, than in the controls. In all monkeys
examined with PET there was an increase of signal in SN at 7 days after ICA MPTP
on treated side and at 7 days on the contralateraI side after i.v. MPTP injection. High
levels of the TH-e RNA expression in the partially lesioned SN cells of the MPTPtreated animals and increase of FMT signal at 7 days after MPTP administration
suggests up-regulation of the remaining DA cells. These findings are consistent
with increased HVA/DA ratio in striatum after MPTP administration, and indicate
compensatory mechanism of the remaining andor degenerating DA cells in SN.
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[123I]B-CIT SPECT MEASURES ARE HIGHLY
REPRODUCIBLE IN PARKDSSON’S PATIENTS AND
HEALTHY CONTROLS.
J. Seibyl*. K. Marek, K. Sheff, P. Hoffer, R. Innis. Depts. of
Diagnostic Radiology. Psychiatry, and Neurology, Yale Univ.
School of Med., New Haven, CT 06520.
The monoamine transporter ligand, [ 123I]B-CIT and SPECT
demonstrate significant reduction of striatal uptake in Parkinson’s
disease (PD) patients compared with age and gender-matched
controls. In order to assess the utility of SPECT for serial
evaluation of disease progression in Pd we performed test/retest
reproducibility studies in 7 healthy subjects (HS) and 7 PD patients.
Methods: Subjects underwent SPECT imaging at 18, 21, and 24 h
post intravenous injection of 10 mCi (370 mBq) of [123IJB-CTT.
SPECT scans were repeated 7-21 days later. The ratio of specific
striatalmondisplaceable uptake (designated V 3”) was obtained.
Using this measure, the test/retest variability and reliability were
calculated using standard statistical methods. Results: Both PD
and HS groups demonstrated low test/retest variability for V3” with
mean measures of 12.4±4.7% and 6.8±6.8% for PD and HS
groups, respectively. There were no significant differences in
variability in HS and PD patient groups (p=0.28). Similarly,
calculation of reliability (where l=total reliability) showed no
differences in PD and HS controls with measures of 0.99 and 0.96,
respectively. These data suggest [123I]B-CIT SPECT provides
reproducible measures of DA transporters in PD patients and
supports the feasibility of using the tracer for within-subject
evaluation of disease progression.
NEUROTOXICITY:
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D.Y.Ruan*, C.Zhao, G.B.Bao,X.H.Tang* J.T.ChemY.M.Zhao and Y.Z.Xw

Dept. of Biology, Univ. Sci. Tech. China, P.R.China

Neonatal Vistar rats mere exposed to lead froa partariution to weaning
▼ia the milk of dams drinking 0.22% lead acetate solution. The alter-

ations in LTP and PPP of dentate gyrus in adult rats following devel-

opMatal

A NOVEL SPECT IMAGING AGENT DETECTS TOTAL LOSS
OF THE DOPAMINE TRANSPORTER IN PARKINSONIAN
MONKEYS. B.K. Madras*1. L.M. Gracz! M.J. Kaufman1, P.C.
MeItzef2. D. EImaIeh3. AJ. Fischman3 Harvard Medical School,
Southborough, MA, 017721 Organix, Inc?, Wobum, MA,
Massachusetts General Hospital, Boston, MA.
The dopamine transporter, locahzed on striatal neurons is an
effective marker for Parkinson’s disease. The present study highlights
a novel SPECT (single photon emission computerized tomography)
ligand, [^altropane™, that displays favorable characteristics for
imaging the dopamine transporter. In human post-mortem striatum,
[125I]aItropane binds with high affinity KD: 4 nM) to the dopamine
transporter and dopamine:serotonin transporter selectivity. In monkey
striatum, SPECT imaging reveals selective accumulation of the ligand
in striatum within 30 min and a striatum:cerebeIIum ratio > 10.
Reversible binding is rapidly reduced by the dopamine transport
inhibitorWIN 35,428. In MPTP-induced Parkinsonism, [^Ijaltropane
binding is undetectable. These studies highlight [U3I]aItropane as a
SPECT imaging agent for the dopamine transporter and its potential
for diagnosing and monitoring dopamine neurons in Parkinson’s
disease and other disorders in which dopamine transporter/neurons
densities are modified. NS30556, Boston Life Sci. Inc., DA06303,
DA09642, MH14275, RR00168.

lead exposure were studied in vivo. Excitatory postsynaptic

potentials (EPSPs) and population spikes (PSs) were

recorded in the

dentate in response to stiaalation applied to the perforaat path. The

results showed that the LTP was induced in Pb-^xposed rats with an
average PS' potentiation of 170±40.9%<n=ll)* which was significantly
saalier than the increase in

lW(%,n=13) (p<0.05)

PS potentiations in control rats (325±

after tetanizing

stimulation.

aeplitudes increased to 140..±21.4(% (n=ll)

The mean

EPSPs

for Pb-exposed rats and

174.4 ±7.02% (n=13) for the ccntrols after tetanizing stimulation. The

lead-induced alteration

in LTP of PS

that of EPSP potentiations.

potentiations was greater than

Paired-pulse

potentiation (PPP)

across

a range of interpelse intervals is also depressed in Pb-exposed rats.

Following pairs stimulation of perforant fiber at 250gA and an - interpulse interval of 60ms, PPP for Pb-exposed rats was 157.0±42.02%(n=ll)

aad for control rats was 213.0 ±54.(0%(n= 13). Caapared with coatrcls,
the mean PPP decreased 28.1% (p< 0.05). The results of this investi-

gation deacnetrated that the lead exposure In neonatal
iqpiiiaMts in LTP and PPP of dentate

rats caused

gyrus. Supported by NNSFC (DYR)

ROLE OF APOPTOSIS IN DELAYED NEURONAL DEATH FOLLOWING A BRIEF EXPOSURE OF PRIMARY CULTURES OF
CEREBELLAR GRANULE NEURONS TO ZINC. E. Kharlamov.
R.P. Mason* and H. Manev. ASRI, Medical College of Pennsylvania
and Hahnemann University, Allegheny Campus, Pittsburgh, PA 15212.
In primary cultures of rat cerebellar granule neurons, a brief, 15 min
exposure to zinc (3(K pM and higher) resulted in delayed neuronal
death. Cell death was assayed by measuring mitochondrial viability
with the MTT assay and cell membrane integrity with the trypan blue
exclusion assay. These assays did not reveal any toxicity immediately
after exposing the cultures to zinc; they became positive 4 to 24 h after
transient zinc treatment. The toxicity of zinc depended on maturity of
neuronal cultures - it was not apparent prior to day 5, and it reached a
plateau around 9-10 days in vitro. The latter two days in vitro were
selected for further experiments. A co-treatment with zinc and calcium
channel blockers (nimodipine and amlodipine) reduced the toxicity of
zinc. The latter results suggest that zinc may have triggered calciumdependent mechanisms of delayed neuronal death. One of such mechanisms is apoptotic (programmed) cell death. We assayed the cultures
for the presence of DNA fragmentation (a marker of apoptosis) using
the in situ TUNEL technique, and found an increase in the number of
apoptosis-positive cells after zinc treatment. However, actinomycin D,
an inhibitor of macromolecular synthesis, failed to prevent zinc toxicity. The results suggest that a calcium channel blocker-sensitive
increase in endonuclease activity without a concomitant induction of
protein synthesis may be operative in zinc neurotoxicity.
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NEUROTRANSMITTER RELEASE IN PC 12 CELLS EXPOSED TO
LEAD. J.P. Bressler*. L. Olivi and G.W. Goldstein. Kennedy Krieger
Research Institute and Division of Toxicology, Depts of Pediatrics and
Neurology, Johns Hopkins University, Baltimore, MD 21205.
In children, exposure to low levels of lead (Pb) results in learning
deficiencies. One hypothesis to explain this observation is that Pb impairs
learning by disrupting mechanisms that control the release of
neurotransmitters. The relationship between Pb and neurotransmitter release
was examined by studying norepinephrine (NOR) release in PC 12 cells by
using a method that takes advantage of the reuptake of [3H]NOR into
vesicles. A 60 min incubation with 20 uM (CH3COO)2Pb, but not the
chloride salts of Cd, Zn or Mn resulted in the release of NOR. The
minimum concentration of Pb needed to provoke NOR release was 20 uM.
However, if the cells were stimulated with inhibitors of microsomal CaATPase or with activators of protein kinase C (PKC) the minimum
concentration of Pb was reduced to 10 uM and 5 um, respectively.
Neurotransmitter release was also accompanied with the release of two
proteins found in secretory granules, secretogranin II and chromogranin B.
A 200 uM concentration of Cd or Ni effectively blocked the release of NOR
in PC 12 cells stimulated with an inhibitor of Ca-ATPase but was relatively
ineffective in cells stimulated with a PKC activator. We conclude' that PC
12 cells exposed to Pb release neurotransmitter. Furthermore, there appears
to be at least two pathways that will heighten a cells’s sensitivity to Pb, one
that involves microsomal Ca-ATPase and another that uses PKC.

LOW LEVEL LEAD EXPOSURE DURING DEVELOPMENT:
DOSE-DEPENDENT RUNWAY MAZE IMPAIRMENTS IN
LABORATORY MICE TESTED IN EARLY ADULTHOOD. PW
Stewart*. RG. Burriaht and P .J, Donovick. Environmental
Neuropsychology Lab, SUNY Binghamton, Binghamton, NY.
13902
We investigated the effects of incremental doses of
low-level Pb acetate or sodium acetate exposure during
development on runway maze performance in Binghamton
heterogeneous Stock (HET) mice. Mice were either
untreated or received 0, 5, 10 or 25 mg/kg Pb acetate via
intragastric intubation on postnatal days 6,9,12,15 & 18.
No overt effects of Pb on physical development, including
growth, were detected in any groups. When tested at 40-50
days of age, Pb-exposed mice exhibited a dose-dependent
increase in the proportion of runway errors - with effects
emerging at levels as low as 10 mg/kg. These data support
growing evidence that even very low levels of Pb exposure
during development may impair cognitive performance
later in life.
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LACK OFOOXICIYYOHHUMANNEUHOMELANIO TO RAT RAT
BRAIN. P. L. McGeei1, Y. m\.imd and T.KawamaK-*. 1: Kinsmen Lab. ol
Neurol . Res.,Lfnivcrsily ofBriCshKolumbia.Vancoucec B.C. VaiaZi, V6T IZ3.
2: DebartmenioANcsiropatSohryVsHvogo InetiiutYforAglngBraisandCognilivc
Diss)rdcrs,Hitneri,Jbpari.67().
ThcpsomieencsofncuromelamninhembeSi andils accrmularion extracellular!}
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rhoT•'nrCatneuramclcnlnblndslron. Thesefote,t(hor been ecenmornstycilicallv
rnngerlndthatsron lrncsroloxinwnsaromrlexrniwtOimelanlr. Theproposcd
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Ie order sueri th in JsrnHher.r .as rce iSas ce learjthephsgoncJoOc capability ol
Kierogi<aSonneurasnelanlT|\l'ccxrraclennaaronfelanla from tachuroacscbstantia
ninccof asa^naSrptapkrelsroniac eaTr. Ohce.diraciednreleni nscsKsiencoiaxicaih
iejected idSothncanpur ft^atumandrubsfbntianimraof'ratn. ComnolinlTccions were
ronsTV’nriscllneo^braln cciramtsaromnon-pigmeotcdbeaisrcgions. Rats were
rac^ficarbYse?rfusloT with aldehydaJixativb cf’^nhr^o^.sr<^ri(^'e^‘i nJinr injtttpon (3 days
- Siisornhs). Brainsseiienuwaraioimnnonistcn;hemlcails' Talned wics cnli-tyrosine
nydeoxy<hseIHH)torsverldoaamlnerglc cellsanO hrshxse;ns,ond OX 4C (anss C3b) to
coboolmicrogtiai lnjs^rlKS crelanlaremaibeO cveasirtrnssnsesfoilowing injection.
AlthoughsooIHHf>osil ieecseronswcredestsoycdbytsannta inthe necdlclsaet area
ie (srth sontro.anameianie injen todbraiis, TH .^1810x ^01 crmsappsared to be
nompldleiyenmlTeesed aymeieninat all time perTxls. TChrewascoOil'i'erence in
uernltsbelwsenno^nclnndParkinsoeiae toelassa. Some etninninelouin be seen
within ai'ewOXH2 dibsiaYcmterogha cteliltmr poTdaisibai mostmicaopiia seemed
is ignoselOamcicningrnnulIs. Hhe nresent rcruTs rCowtaol eencsancnromclanin
ir rsii soxi r toraIrhbslactia c.graorrcudaietauto ncnnctisons ana<iirnssatsrfor long
JiKcpefiprlsio Oiein

7715.7

HEAVY METALS

WEDNESDAY M

776.6

MANGANSEE DECRASEES GLUTAMETE UPTAPE IN
CULTIREED ASTROBPTES. A. S. Han;eH ’ asd M.D. Norenbeug,
Dnpartmenis of Pathology asd Biocheoisluy & Mofecular Biology,
Univesrliy of Miaoi School of Medicise and VA Medical Censer, Miaoi,
OL33fOr
Masganese has recenlyy been shown to accuoulate is the basal ganglia
is patients wiih chrooir hepctic encephalooctfiy (HH). Aooonia asd
astrocytei have bees etuosgly ioplicated is the pathognsnsis of HE, asd
oiscn we have recently shows tt^^t ammonia decreases glulaoaln uptake is
cultured aeluocytei, we e^aois^N wanlhnu masgasnsn aleo affected
gIutlotate uptake . Cuketed asUroyytes from newborn rais were treated with
oacganese (II) chloride (1-50 jT) is the absnsrn or presnscn of
aooonium chloridi (I oM), asd glutdodte uptake was deteroisnd usisg
the non-metabolized gluldodte analogon pHI-D-aspartatei Exposure tioee
varied between 1 hr and 2 tiadi. Trnalonnt with oacgislese (If jM) for
2 days reoolteN is a 11% denrease in transport of radiolabel isto mlls
coopared with consrols (pnottol 11,^^+2371 ne. Mn+ + 9.91 ±2.66)i while
lreatment with aooo^a al^^e reoulted is as 18% decreaonN uptake of
[3H--D-aspartate after 48 hrs. hi the presenci of both masgannsn asd
aoooma i a aorlhnr lownricg of D-aspartate uptake was observed (34%).
Erelimmayi daaa i Io ^o ooggested greatei onnsltiviio oi otriatat cultorei to the
effects of monganeon on glulaanote traasport. These r^uhs ooggnst that
oasganese alone ado a dltrionsldl actios on glulamdte trasoport isto
dotuocytet which ie dNNitive to the ammonia effect, asd may contribute to
the paihognsnois of hanctir enccnPalopaihy. (Support«i by NIH g^asto
DK381531 NSS0229l,VAaGdECECC)

776.8

INHIBITION OF NMDA RECEPTORS B Y LEAD IS
DEPENDE NT
ON
THE
REREPEOR
SUBUNIP
CTMPOSITION.IAOmelchenko, SiS, Nelson. J.L. Maurino and
C.N i Allen* Cntr. for Res i os Occup. & Epsiron. Toxicol.i Oue
HlthSii Umv,Portland, 020 97201.
Eb2i is a potent inhibitoi of NMDA receploes and its action ie
depenesnt on the age of nsuron. We tested the hypothesii that the
vulnerability iff NMDA receptors to Eb2+ blockade ie depesdeni os
the reeeptoi subusit compoeiils n which cCanges diuung
develconsent. ConcenrostUon-responsecurves for NMDA and
glutamate were ge^rmed s n the puesenee and abeence of Pb2+
usmg the two electroole vokaae-clamp teclrnique asd NMDA
receptors consistigg of £lel, t;le2 aad <lel£2 subbrni comOinstiose
expressed sn Xenopus laevii oocytes. For aii three suUunit
compositions glutomatewas a oou^e potent agomst thas NMDA.
Is oooytee enpreeeisg £ lei , £le2 and £le le2 sobunits Ptb+ insibited
glutaotate-acttvatedcnrrenOo with ICsof of 0. 87 ± 0.2 5 jaM ; 1.21 ±
0.22 pM; 6.1 ± O.f5|iM and NMDA-activnted ccreente wiih ICsos
of 1.37 ± 0.-47 pM; 1.11 ± 0.33 uTT; 6.64 ± 1.5 pM (meas ± S.E.)Eb2+ reduced the maximal current aopiildde but did not
eignifiaaniiy aker the ECios foe glulaoate or NMDA consisient
with a nooccmpetitive block . Tee ICsos foi Pb2+ bbockade of
NMDA- or glutamate-activated currenes were siggificactly laager
for £lele2 subuntis when cooparei to £lel or £le2 comOinctioso.
These data ougneot haat Urain regso nswi th ^Ie^ or £le2 NMDA
receptors subcnits would be oore vulcerabte to Pb2+ toxicity thas
thoinwiih 1 li 1 e2 NMDAtrepeptorS (Su -NoytedbyNS19611)

ALTERPTINNSINNe EHTHD-L-^^^^^T^^TDANMDA)
RECEPTRS SUUrtlEOrNAAAERLEA LEADTMEIATMENT IN
NE^^^yPTiLL^^TT M A. Wdson
0ltesMtt^.M■h^.ilonn!^ton a^c. G.W.
GoeNelercrNourosnlatoeLoeoraiOIKtCCeNytKyK.riogeoRur;eacoh lnntiClNe and
Depti ofNeuroloy;y,rhnnsH<;krConsirVnveriiUl Bolomora,MD 21205
Tse of ti^e primary
of acdi^n of the encvruonoe^tal neororoxin lead ie at
the NMDA rnrepro^ rAlkondon et al, ’90); Ii^iN setectively ii^i^ir^iili NMDA
corrtnOii actngt ae d non-coopntirinn anrdgocrst of both NMDA md glyara
rGnilarte & Mimli, '92, Urnoaen et al.. ’^^05). We have exdoi^^ the effnrte olf
neond1det lead expooore os NMDA rrnrn>tor submit e?xcrnioion in rat ppus. Rat
Ndoe were adoinieternN f.2% letl arerdte is tanir drinkisg water, bngrcsisg os
the day \Wiini tt^^i- littere wwee ddtveren. ILad-trntrnN mN untrnarnN costrol
litt^u^o were rollnd to 8 piu^s at birur^. ]Rd ppps were donpitateN os postnatal
Nty 12, and in situ hhyrirlration \wrh oligcoluciln0tde
for NR1, NR2A
md NR2U wae ueeN to eva^te T^TDA receptor eubrnit expressim rn the
hipp<xtoplut . Expoorrionaf NR2^A oRN^A wo s silsriricantiy e^ui^ is the
geanule rall layer of the di^^te hdus (p<f.f1) md is the p;yraoiNa^l layer of t^e
CA1 regios oof the hippporaoplr5 (p<0.02). No signifiGmli ratsgees is NR1 or
NR2U expunesilsl were obseennN. Tee eleccnne fcct off lead ot da^^^e
grrnule c ^Is ie olf sp«cal userest bi^uee thnen neurose have a Ioechaniso for
arrrolulatiOT of the putative co-trmeoittei ase that oay sene to amae-strate
lead in tlr pprt ofthehippOTomous. Bonuse NR2A expreseios normally
inrreaseo m the aorebrain berwenc poerndtat day 7 md 12, t^e ra^umN
expression ob^^i^^ is lead treated rats oay ^nprnsnct a devnloponslae delay m
odturatiOT of executory amino add remrntorr. (Support Thee Robert L^ asN
CldraCrtTunePaetersonTeusE EHEtGuGraft-02380.)
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BRAIN UPID PEROXIDATION AND POLYDIPSIA DURING IRON OVERLOAD
IN fRAT. Card A. Gt^r^r^ett. James L. Hargrove, and Diane K. Hartle* Depts.

EOFECSSOF VIVICHCNRONAC EEADEXPOSURE ON CA2+
CU2^I^^ITSStNS^^^t?I]L)^OI^EE^INESO^I^<a^4^ULEM ADULT
RATS, ^i Gi v ^^ovt -*^ M.C. Jasekr W■H■GriffOUi,& G.D. Frye,
Dept i aaMrrtlcai OdrrTnacologx i0:TyiiK^(^liIg^, SI5>C^, Texas A&M
Univesshy, CoUSge Statixn.TX 77.43-1114.

of PterrmacoloigyTOoxioOcxiy ndd Fodds and Nutrition , The University of
Georgat,Athnns,GA30602.
Brain membranes are composed of a high ppreentage of pdyunsnaurated
fatty acids relative to most ooher tisnnes. The brain in therefore highly
perootdizable ard at risk f<or oxidative free radical damage if Icocal oxidative
stress overcomes the brain’s relatively moderate level olf antioxidant
defenseSi The nteig^irity off the blood-brain-barrier is stit>r?nta^l to protect the
brain contineoesly from oxidative stressors in the ibood. Free iiron (catalyzes
lipid (peroxidation via Fenton fractions in vivOo Iron-catalyzed free radical
formation initiates Ilpid (peroxidation. Tee perodse of Tite stedy was to
prodece a short term oxidative stress on brain ard (peripheral organs esing
ferroes chloride 62O mg ronkkg, i.pi) and determine the extent off 1) lipid
peroxidation ard 6) glntathione Ivess in brain, livsr, kidney and heart.
Semmary of reselts: iron overicoid treatment earned rapid and profoend
polydipsiai The
was initiated within minutes oO innestion. Iron
overload prodeces sic^nfic^nf braini liver, kidney and heart Ilpid (reroxidation.
Early time points had higher levels of Hi^^ (peroxidation relative to ths 6 Tr
time period, presemably following rap'd secji^e;srral^^^n off free iron.
Gletaithione levels were not depleted in brain. G/AagrES GAES # GE333 to
JLH, AFPEFeOlowshipto CAGandGaAHA.
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It iii weti known

ztls^rt•0aculeteadlreadnont tnnibiis nctn•onal tcticiuo

^^^O.i We tnidied hee aaneris fi chrome ns vivo lead exposure os LVA
md HVA caLmo curTesfe in bsdol farenseln ncurons. Adult oale Sprague
Dawley rats were gives 500 ppo l^^d at^c^^i^e (Group Lead) or p ^Ii^^^^
sodiuo amtae (Group Costrol) rn the drinkrsg water for 62-72 days prior
to in vitro eleceerpOyaioioeicr c exnerimontc. \A^(^^(^^ell pcteh-claop
lerTsiques were perfooied os acutely isolated seuroio froo the basal
forebraini Cournn--dcrl.sinos wne determtnedrer al i c^^i^s by norodeizmg Ca2+
cuuu ^^^O (pA) for ccpadiance (pI9, aad curreenrvollrtge retationOaips were
Nnlnuolined. From a holding pottenrie 1 fi -80 oV Ca2* cruTents w<^^e generated
uoisg a 2 sec prepulse to eiit^i^r -100 or --^(f mV foHowed by voltage steps
between -90 to +30 mV. Phere was no signtficanr differencn in noatimuo
peak cuuenst-Nntosiiy Sn:twecn celii Urem ConUrol (X = 60.9 ± 5.11 pA/pO,
n=2f) asd Lead CE = 52.0 + 5.15 pA/pF, n=27) treated aniotes. In a subset
of c^H^ nrnsown oomoximom steadey-Sate crruenSrdensitins wtas siglnfKrintly
greater for Controi (E = 26.60 ± 6.62 %, n=1f) i Tis Lead rats (E = 202.68
± 10.26 %, n=10f. These findisge oay suggest ^iat chromc exposure to lmad,
like acute islracellulat appricrtlsn fHaed (usnet at , Soc. Neurosci. Abstr.,
2f:1719i 1-y4)i causes a reduced rate off crteiroo ciueent ruosdown.
SupcourndbyES05639 (CAG), AA06k22)GDtakfdAGA78k5 (WHG).
cuuu
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DEOHRLMERCURY (MeHg)-INDUCED INHIBITION OF WHOLE CELL
POTASSIUM(K+)-CURRENTINRAT CEREBELLARGRAICELECELLS. JE
Sirois* and VW Atchison. Dept. Pharmacol./Toncol., InsL of Environ.

Toxicology and Neuroscience Program, Michigan State University, East
M- 48824
MeHg is a nderotoxic metal which Interacts vhitt Ni + and Ca2+ channels id a
potent and aapaaently iri-rr^vrr^ii^l^it maaner.
Cerebellar gannule cells aae
particularly sensitive to the in vtvo effects of MeHg and ppovide an er^^c^tli^r^t.
model for studying MeHg effects on ion chsnnels in vitro. The whsle-cell paach
clamp method wjas ured to examinn boto pepkandsteada-state KKccnrents
following culture of neonatal rat ^^61^ gannuleceUsfor 7-lt days in vitro and
to measure the effect of MeHg on thsre ccrrents. From a holding potential (H )
of -70mV, 2^0r^^ duration pulses to + +3)mV were giivn eevry 5 sesonns. MeHg
(0, 2l or40 ) M)inhinited K^-cucrents tn c conccrliration-deppddent manner

following etopcsnre. Bhcck was slow in ooss ^I aad incm^ijll^^ir. Nt 2 jl)M MeHg
was generally vWthorS effect, even foUowing longer exposrres. At C0t and 40 /)D
MeHg typically blocked both peak and end ccH-ents in an mchmalete mamier and
also decreased the leakage crrrent eii<iSdsd by hypdrpole^izmg pulres roam the H
The extent of Hock waa ssmiiar fc^llr^cWi^jg elrher strong ( + 10DmV) or retativero
weak ( + 10mVrdepelarizatiooSi dKmonslraticg that the effect is not voUage)
dependent, iniaial oaeerimeetsderignedto oaamlne tee efrcet of MeHg on K+crrrent activation and icactivatioe shows) that MeHg cidi cot alter the voltage at
which the current activateSt cot did it affect the rate at which the ccrrent
inactivated. TSus , cetedlrllar gacnete eetl (.--channtlsdo oot appaar to be a
sensitive target of MeHg foUowing in vitroexposure. Supported ty MH grant
US03099.

PATHWAYS ME^E^-^Td NG
Ca2+
CNTR Y INDUCE D BY
M^^^OD^MRB^CI^RYIN CERECEL-ReRGCTiNULECEELS. M. S . Marty*
and W. D. A-chiron■ Dept. d PPsam. & Too., MicUgM State Umde^sity, East
Lncsicg,MI48024.
Methyl meecnry (MeHg) is a knnow neurelo?Xcant, htylolhesizdd to cause
cereteiUar grande cell degeneration by ah^stil^tr C-a+ homeostasis. however, the
mecgamsm of this edff^t^i isp<plrlyunderstood. Prior wot - demoossrateK a MeHginKrced biphasic rise in tnttanttsronkl Ca2+ ([Ca2+] .) with a large chmpoceGt of
this r^^ due to influx of exteocaiiulsr Ca-+. TEis reppo examiner patential
ronte(s) of Cal;+ eniy' into grande cell cnlSnres (7-10 DIV) after in vtirco MeHg
eoaosnre. -c contrast to results in NGd$815 ceeSs th(sdiKr^i^I^oopoei^ir^tt ntiet^ii^ll^<d
did nt^o sigmdlchntly dcena ths timr-tOlOntet oo Mee^^^-)nduced e^r^’^^tio^s in
[^al.+]i, indc^^i^igg gatt ^i^e ^^0 of Ca0+eidHHgenlryin tee two cell types may
ditter. Became exciiatoro amino nacd (ECAC) reeiplor)OaeratKd chaideels play a
role in edcitotooihity, wee hsoalheslzeK tt^^t grannle cells aae mooe susceptitle to
the effects oo MeHg dcr tothepresenceof E/U.cecehtaSlOpatated ccsnnels.
Thm, granule cells were eoposeK to 0.5 /i)E MeHg vhrh and ww ^^ou I. vaaious ICAR
inhibitors and changes in [^)^^+] . were measured r^^ing frra-Z. 6,7-

DicitroqdSoxnannls3,30SH,4Hr-dlone(DNQX, 100 )XM), a non-N-mrthyllD)
aspartate (TM2CA.) eeixplor amagonst, inhibsted 83%t of ths kaikate-induced
elevations in [Ca2+]f brt caused no dslaa tn MeHo--ndKscd [Ca2l']i elrdvtions.
Similarly, 10 /l)E MK-88T and l(1)1iMetamioo-C)phsrePonovalerlc acid ((RP-5),
adSagonlsls capaNe of inSitlSins 87% and 88% ootheNTDD-inGuced etrvatione
ic [C^-^a+Js ri^^pehSiv^ll?, were ineffective at deleyrng MeHo-inCKSid [Caa+]i

eleaationc. These remits show thia tSEAc recedto0iOpdrated hSannels Ko not aapear
to be the route oo MeHg/Aa2) entyy nt grande i^elis in vitro. Supported ty NIH
SractES30299.

776.14

776.13
DIURODOLAR COTUETORNO-IONS OF METHYLDCRUURR BLOCK
VOLENLE-ACTIVACED CRECIUM., SODIUM- ARES POTASSIUM CHATTELS OIF HET DRG-NEURONS KRRl VEASIELY. A. Leonhardt H.L. Haas and
D. Eueseltd:rg*.Pevsioiyt-v H. H.-Ge)uerUnSvossity, 00225 Dusfeldem. Germany
Mdthylmeicuss (MeHgt readdy ahcnmula-es in tie ctivous system acd is
known to cause a wide vaaiety d nedselenlr eefeeiSl ranging from atcd-mat reflexes to lossoScccisdmaticnandlearnik - deficits.
Using the whote-cell paleh-)tiama technlqnd, we e^oami^^ vvilage-ahtivateK ioc
crreents of rat dorMl riDC gsnglioc (DRL) neurons. Ap IIs were obtained from l-4
Kay old rat pur^^ and ccrlm-ed for up to feor dKay. Vnltage-activaSdK halciums. soKirm- acd paOsaseinm chancel crrrects were separated ty sl^t<^<itiad btrckicg agents
and specific detaclaeizing aclSngd stdpe. Cakirm ctacnet cm-ems were hamtK ty
barium (-0 mM). Subtypes of tS^it t!^^ ion ChsrenIs have noo been dlrtinguietdK.
MrHg was applied ty a befit patausioc system, it was added to tie 6x 1^-11^31) solution jmt before the beginning of each etoatrimdnt. Nil crrrenss were leads coredhtdd by a P/4 protoon. D2cet^eteanse retationshipl wded cakrlated ty fitting shr
Katato theLcsomu)t^quation.
Nil three types of vvhage activated ion cinerdcte wded eeKsced ty MrHg ic a
cccidstratlonKradSKdent mecner. Voltsge-activelfdcaSslam- (AC w ~1.6 )M) acK
potassium chanm) currenss (AO^-^^2 )M) were ~0 times mced senslSivd to MrHg
than vclSagd-activatsd s<xiium currems (IC^ ~1l.3 )M). TSp calcnIaled Hillhcd^fficiene were ~- foo- the Unking of chlcirnr- and polaeslum chancels acK ~-.7 for
the Mocking of sodirm chandrls. Thr reduction of calcirm- asK sodirm chassrl
hrrrems aaaeartK to bee uretdeta:nddeS. InKepecKentiy of the external eclnSiCc nedK,
in ecmd cases the appllcaticc oof higher concentrations of MeHg (>5 )M) resrlied in
a biphase change of the ri^^l^inr mdmti■nne currem . I^o^e of tire above dc^^iirit^<S effdhSe was reversible. These ^^15 indicate, that the blncting of vvltsgetactivatdK
iccchasdtris myycontribdtc tsthdncsroto.sicity eeMcHg.

DIFFURRTHTLL EFEECTS OF H^g2) ZRT2 NffiUEHR^lDUACDR^Y (MeRg)
OT EXC-TNTOAR i^T2 INTHBITOAR TERRTSMIESION IT
HIPPOADPRAL LLICE. N. Rrtan* and W.D . Atchison. Dept of
Phaaraiacol.yC^oiocol. esd Neucesci. Pto ). Dregigan Etmee UniaerdiOy, C.
Entertng,MI 80824.

Effete)3 of hh -0 andMeDern resting me^lOroein motaotiala^i exeotaaory
ao8estnlahtic aoenntSal8 (EPSPs) aaeK inhebiteleo po8lciynsptih poaenG.^n.s
(IIS3Ps) were hcmped■ed Gt CA1 nctnicns of rathippocampnl stices unlitg
inra^arel^^ar mhecodieotrede reco-ding techniques.
Arute bta^
nl^^li^cr^l^ton of Hg2* and DeHg (00 or 11D pM) saured bi^ah^^^c elOehts on
memberne o0C^ai^'^als, . e. tlrey initi&lly hsoleialokartzed and thee
depolaztzed CAS neuronal membrcnes. Htwever, Ho2* appeared less pa0snt
is dKdala^izinghippciamnal neuronal mr^mb^a^^nes t^an is MeHg. Similarly,
H-2* is lees potent aa blocking

than iss MeHg. In conSrnsS, both Hg02

and MeHg btocked IPEPs more rapidly than they btockeK EPSPs aat simiiar
ccs^(^^^(^^s^l^^ltns. Hewever, s-ngte-eiccerode va-rage clomp reco-dings of
-PSCs showed that Hg2* and MeHg htd different effteite on fhetima-coosses
and the cursenS-voltnge relaaiodshlps. E^^Hg suapreerKd ampUr-des of
i^wEnd and mawa-d curres tsat all holding potentisls asd s^tit^d the I/V
cme to mme posotive potentials. i.^. chga^ig^cg the revaesal patenSiat from
about -70 mV (cooSrol) to marepoaisivv vatere. Hjg°* aim supaaeseed It^^g
icwa-d and outwaKd ^—10,8, but it inIrsallo ccuse- an tncreeaed ourward
cureent prior to suppressing tt. Morlatvfr,Hg2* apper-ed So shift the (/V
curve to more negative potentials sk d tte overall
os IPEA were much
slower than those of MeHy. THus . these resets suggest that the
mechdnismr mvolved intere seactiensof Hg2* and DeHg
tte difffdenS.
EupooeSed TyNIH tutm0ESO3299.
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STUDIIES OO THE MECHyRTISM OO7 METHHLMERCUAR (MeHg)
TRCOSPPORTINTOTHEBRASN. R. Park, S. Yee add B. H. Choi*.
NeucoassCholoDy,UniA-ofCaltlorsuailcvi^CA 92717.

AOROMABOOEDRCOOWRGOIIC LED> MDDI]CESKKNAC^(T^,Y
(R O^ IU2EVULPPIRL) I^zOr ISSPACE^^SD^ ~S \E MrncfUn D 1/. c*filetic .
D-p S. acmpt.Blohit .&dVrTCIadsskalnoxicol(oatGmer,Ilanv.WreeresiIl,
DkKieoes WI37066
Ohe aioeof hus ssk O) lderetotaeaheermt meblme^ae^diseStdoetcf of
aacSeicirdaeeA p(-Ckalaieltdtnd]K adaclclsslgrtilpccamasela>,atn to
examice hhdSSdeiSrccr^c eaKle?pceuief iroffiesiihstfedelpo^Ctl.nOe)htrere
exposes Soeitte:rOos)00OppntaKdidskatelneieKiSorCstwltmtksaIolIdKted.
Pteeprinshe]eeopcldKt ^nit.ro, va ehksirdSt SKddehcOyiness ieorCswvdaer
after hmkdiegcTmoffaedi:sg lterelcroihrKd flposktal^days 1, 1, 15,mri 29.
Elood ldaKleae]ehmmltetemiSrK) tlteeteoe«dataaldeoisete^Kh cetrnlelfd to
trsmoscstoftaKrgidStteTkl^KKCsrarsotyle^sleteisdKeSintCo csra^h>lic
acd iesKdP-2rlemeracrs rahstlo^l)ftmtraihhIcoalal't aa^^amanee^tns in in
vitro. inSrckhtiae aSceatorolaSicn aeeno.leKtksopatteerKdespiconldlecof
atceatate iccoep0rnltKlde•osl ofecsdientar nCn. tne<eCIel rate, toP-UKC
ehSrarto isSheiotOendc eacsti(mCietketedtirmfColdrtWddcnP((1110 ±3)83)
acK S8(:^^96t^;01]t( lp<O.))00e),rainrKtad stSdetvtevaSsltPkS, ttet then
KrhieaeeK scomhhaSlelky29a2<0t)•10yC)•KCtniactisoty igtlo;meeeCmI]e
fractiocof tteeeICimalUydaveCa:iCslestelecoihieaerKdbWdrGsPk k PI P8
(a<0.0050tlblItdt)K heraedled syla(p<O.0OQ:eK list &dresttaIChadchange
at 109' SlteK)SitkeKieate,KACadavitymdoeoeekedne■h■rcnlhlwas
lrgcificactlo loherttaG Ct(oc]e^ol ratealalr nnesresfapcnasal^periosls
(p <0.01 stPl,p<0.00Q5at P1,P10^, t<Gt.lettlaot eatee yete, aytPKUc PKC
activity waelohea hast dlCOI^fralGmnlesalPaIK)SP29<)<0.y)(bSt Cotnot at
P1 asKP15 ''hderelesulteiKdia;de s rigItlfi<GIOcKiOhlcinooortotS (UtC
kctivrto, learh^y G odlasClnoariarmerraneiahc0nesofkK)tetkdKdteioThis
lrgstete SgatttmrnKtfi(kdonoii-gltnniritssterotaKd' sneototoiiiaaction mthe
deaelopidg raliiilachaoare.. (tsppoarrKiOf I-HTN0o^l2^7]t).

Prevcnus srd.dlesIn our laboratoryas well as those of octtdee have
demcnstrsted ahat aeense>or0 of MeHgrnto brims of madure rass is
dI■Sanhced by cocadminisiTaCion oo S L-cysteine . Howeeer, so sigsificasS
dnhnh<mmenrof traidn Hg upakdd wss noted follhwmgInhSiOionof 00 mM
hysteiee 20 minutes prior to 0.00 mM
injctos in CA57EL/6J mice.
Whoroes incation of f ^S-cysteinetMMC coniugaao signiSifantlo .
dnhcncod baain ioseteme upakke, senardte Intections of l0 mg/kg hudy
weight o f MDA and 30 (lCi o0'S5S-8iO>temd at 20 rrnn. Interval showed so
significant enhanadmonC of bratn hysteino uptakd as compared to
honicots. To furteer ^o^rr^ine tied m^ih^dS^am off MeHg trase5port into the
brain, val•rCng oosds -1, 2, 4 and 6 mMiof mdthytmrrchric chtoridd
(^E^CS), Ml^^)hllS^tditAd, MMCrglntaCStond (GSH) and MMC-pmdcapptmttcrno( (EME) hdere injected intra-pdritoneally into CA0BL/6J
ntied, asK btais Hg; uprpkk ddSdrmindK 3 hours those-ftor. IDled)
dopnndont inCTs^asdof Hg uptakd was noted in aU groups. However,
highly eir^I^^ii^a^tsnt cnlGidaemenC of Hg upakke took ptere is groups
intected with MMCeEniugcjrs tMMC-pME>MMC-eysiylne>MMC)
LEH>MMC). sese kinetics of train Hg uptake between MMC asK MMA3ME ^0^. a^so d-ffereK chnsiderably. These dtta isdiaate ^ta-tt size
and polarity of MMC-conjrgates grearly influenee MMA tranel:oist into
l^t^e brains and tt^^t MeHg treneac-rt into mature brains ap^ldaee’s to take
pacee through divesed and chimptex uptake systems. (Snploerted se part
byNIHSiggrect ESC^S).
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PRENATAL AND^STNAiT^ALCHR^C^N^ClD^lREE TOINORGANIC
LEAD ATTENUATES ITPiETTEA^lT-T RATHIPCACAMPIB IN
VIVO. A.Z.H1iott*& V. Wetic-DepCGimp. Biosc. &EmdroiLTox.
Cntr., Umv.WmnssmsMac&sois V5 53706
We examined whether prenatal aorijx^OatOdchrnoi^cexposrreioirrg^aOuCc
lead modifies the expression of kng-tamp»eoTtiaficoi(LTP)in
electrojpiysiolqgical recordingo in theadh±rashijpcocmpuos invivo. Dmns
were given 0, 1(X),0O,or KXPpmsnldsdatatfcin mthrio n^jngswateater
beginning 2 weeks UhforeoVSog.CffOposngi weTeexooeddt^adjV vsathe
milk and, afierveattiing, Olthsdrin1nng wttfes.tV abosrtS3wko^k vfajv, a
male and a female fi■omtvcis iittesworeanoshhetizdd withuretfnne(1.2rl .5
g/kg), aod prepared fos coneanonad a^okSSngoe1x^cvo^aO fidld
potentials. A U1xclaostOoaiatinge1yaikrhe ivtslehihddtkohcGASiseoon,
avdtl•csf2ao^ackding electrode (0.0-2MC) wasiktstSeohki mthe CAI
region until a mveioumretxknnhk tite(G\3t1mllUos wasbOhervd<iLTP
was induced by tetanic stimulation (^4(Kmo tram ^fiveeKmoisplO^Joa at
00Hz), and 00X01110^0 S1eidpohsaSvatsesrreepaaahrdae 0, 5, 1, 2,3,aid 4
hours poot-tetanuo. IotkSiOrol;0d (0XponVddtheaddaoaasislOiaedieaels
of n.0gg/dL) am Otthare mTse kxplVatinnsikhe(SSaomptttdsieo2l0-()300% over basall-ie lhvsloevnrbostVski to hto■sistttkUgg^l hiKtors.i1ninols
given ^(KOppms ead blkodtevelsof21.5f/ddL)sCwhdsll iihiILTPiPS
increase <50%).Ti]Oheeiootdito(KXXmmlCCoodlhveis 2f24.<vd(/dL)
exhibited L^P
kuor,buthnnhhp Idtdentidek to
baseline levels. Theoed! 01x 11 hvttTcQmcexkotuaetoaakdresultmg in
W(kcrieve1sas low as 20gg/kAithVhon he UllixxotoosionoITTPinthe
CA1 region kntTeraihiixctampots invivo. TheViVnfaTSiesf^ftgestahatthe
failure to fully hxsth^oLTP maycontributetoladO'snekrceoxicaction thtine
developing rat hisxkcvmpuo. (SUxpkt•thdbyNft^ N221278).

CHRONICOOWLSVELGEADEXSOSURTATTERSCALCIUM
CURRENT INPHOOCHROMYTOTOMA 1PC12(CELLS.
C. C .
&.S V. Mitetic.Dcoi■Cpmp. Biossv kOhniaonmental
Rkx1yologyCsnte^Unfa. Wisoonsin,Madison, 20I 53706.
Lead isa0oeonnoorotoxin wvh ^dr^s^d^r^<r yoorly understood
mayTvnismtsi o aastion.Woxmktoyeh the h'yole-vetipaich-clamp
technique ioea^ossinitth^c^r^rynlc yaOects wf tow lavk1lxcO oxonsure on
h1fe-ihrethoidkoaiagk-Xh0kSl0ena calmicut anrrenta in rat
Xeekchromocyroma(CC12t lei.Sc PC th cells werxoedoced1o0 . 10 or
00 gM tvkd-contoinmf erowthme0iofotupm k WAeks. AUrast four
kvko pstorto teedrdi ng cells hxrepl sted indishsa iclead-containing
med1awithhei•vg ketwlV tootor-d indunediSfeaen-iAtoniAo previously

osxkla^<d incouio oiudieti cnsynielhw . eveitexk uxposure aaused a
kcos-dependentecreciieemcaioiomcsoaehtthroughouie k week
exposure . -nconaoasal sfter5s8wfehsofiead exucsuae, both the peak
and ousaamkdcomponenrc oh feedlm mmeurrent increC^t^rewesl. When
ths ^t^^ontv^yyexporedcolIswfoe farther snftieeged oithanndditional
0 minute exooouret2 p.leNkad odosxsnkhsndentdscsecae in calcium
yooreni ondon altaraSoo mta^it vviikaii-)n sad mactiva-ionkinetics were
kUosrved .Ths fSyaorc olTk^d s ore
partiany reversiele with
washing .Thes rdvtaffagetroxmp1sx intecsoitonsd f leedwith calcium
yTannels inCO t celie.(SupportedbyAiH NS2ieR3&T32ES07015).

776.19

776.20

EFFECTS OF /AU;77:'tff>OlFCHYLMCECC'RY EXPOSURE ON
HIGH AND LOW LUMICAANE VISUUL CONTRAST
SENSITIVITY m ADULT MONKEYS. S.G. Gittert*. D.C . Rice,
M.L . Mihali . C. Mounefs. K.S. Grant-Webster and T.M. Bprbbaher.
Dapi. Evvironmentat Health,Un iv.ofWoshington , Se at7le,WA 98195.
Both animai and human stud1es have shown tha. the visual system is
shnsttihe to the Bennets oo methylmercuoy (MeHg) . The pseshnt study
assesedd visual function in addlt monkees (Macaca fascicalacis)
fkllowifg in uterv MeHg exposure . Maternal exposuse of etther 0. 50,
20. or 90 fig^^^lday of MeHg resulted in blood mercury levels at birth
from 1.04 to 2.f0 ppm for treated infams. There were (0, 9 ,2 and 2
kOfsprifg proutaed, sssactci1veiy.Atxpprooimately 9 to 1 1 yeass of age
the monkey. were tested on anopcshnt visual psxohokhysics task
designdd to assess spada. viouai function a. low and high luminance . A
forced choree traclting proceuure wss utiiizdd in which the mookeys
faced two occillkocope screess of equal averagh lumioance and were
required to press the button cocrespkndigg to the ssteen distilvying a
vertiaal sine wave grating. TTe folfowing spptial frehuencies were
assessdd: 5, 2 , f, 10, 20, and 30 cy^es ppr ddgree of visual angle for
high fam-notee and 1. 2, and 4 c/dd'ooiowiummsnce.Preltminary data
from 12 of thh mok0eys aa hi^g 1 uminnnee ssowed that some MeHg
monkyys hxhibtted a decreased contrast sensitiv^y at high ss ^^1^:^v 1
frequoncy. Theee pppear oo be no troatmsn . related hffects at low
luosmsnce. Taat some treated individual s vxpeor to ehhibii greater
visu'l imxatoment than othess is pcRsistem with psev1kus studhe. of
monkys s expsadd to MeHg . These preliminory results, 1ndtaate that in
utero MeHg exposure may adversely affect the ssatial vvsual foustioo
ofadulm monkeys.

EFFECTSOFINTGTTTR1RGLLLG/M>NINISTERLE LEON ON
EXRRGCELLlLeARILUID (CC F)CNINOACIOCONCEGRIOV^ONR HE THE
STRIATUM:A MCCODDIAYYS ^STUDR. P. CVeivaku P,! Wasaskr, L N,
GcwkrthiandT■ I lVTaOe^. Dtvisikn oePOatmaceuiicslSatencvs,Massachusetts
CcllafaofPhoinaaky.kocion.GA22l iSasTESA ^.1 Oheimsford,MA01824.
Ptav1Clnsl^.ldiosinoilrU]bvrctkhiilashseowv ihatpaetrastmeei tvdh lead
(Pb2+) kachvtsrd iaeaasaI sti^ii^ie 1 ECFllvclsoSaapastule(b% ,fa^t1gleulee (by
17°%) asd aausieelky3%%i.tvhi1sinvt1Ofina theKr-evokadoaicossof ikhibitory
aminoacldsiglyciavandlourineiakddec1Sfs1eg vxcilaaol1yam1ko acids
(glotaoia1e skdaspartate). Tu thsiiies ihislinsvatnfesiigetian,weihkaeased the
ECF aminocd d Iva'S .o oftsis iIttraaiaialel1y uofdlred wiihaatiCSalCSF)aCSF)
ycotainingcocasnataiionsofPb(e 10.l,0.Slan0i.0roMiusingV7 vivo
miyiC)dialysir.Usetasnv-aoeslhellzodrrta sveresraaeoaaxlcaliyaimplrnted with a
3 mmi kk^i-dSoi^ioiii^i^l^1seiit1ita sariotumendbasetinosafnpieaca^avlek every
20 min . CoreCours.APbt+ coniaini acaCSF(Mo‘elod'eredacsfadicgly to
preserva icoionicilyiwas1hexpeoalsadiOfeuTa thc micakdiaiycisproOf asing a
l1qoidswitchCorle0 1ninutec Ooaiakredroccntsols,aySF sooiainingP22+ (0.1
aok03^nM))1^iO1liyl(^;ilk^'tn(^i^t^<'kii^t1ihcECF lsvf.a oao1icmtno acidartuOied, but
0^ inados-ihxhSkdentn-seneI.Thfhighesi aoment-ahon of2b2i(1.0 mM),
wearaMg2i tsaycriolsed .o 0mM,signif-cknilY aeoskatad tha ECF icnvlaoa all the
stokiakamiIroycldtcomparek tocontrols. Thkatidator^(^^ti^l^lsaratsivt^tpictaic dosetaoxknse selationthibbetsssen iattaaiaietulPb-r shdEOFc mtno add .evels,
ooffasting haa iihcobrvarsychang1-sihFCF sminkaoiak mva havepartlyresulted
ftcm ai1eaatiossincCSFMgtrsonconicstioer.AC0itionrlstunieeok the role of
Mg2+ vndoiho rdivaientcations iniheao1evsr oxduprfko oSaatldo acid
oaoi•otranimillera asrwarsanted.

776.21

776.22

REDUCED ChAT mRNA EXPRESSION IN SEPTUM OF
POSTNATAL RATS FOLLOWING PERINATAL LOWLEVEL LE?AD EEXOSSURE X.Sun. X.Tian*. and J.B .Suszkiw.

EFFECTS OF LEAD ON CATECHOLAMINE BICOYNTHESIS
IN PCI2CSLLS.A■M.Ndffo^,R,R.Reams&IK.Soliman*.
Collegeof hharmaeyanPPharmaceuticrnlSciences, Florida
A&MUmversityjhatlhhaeeeF, FL 32307.
WehhveprevScuslhrsaortedthatlnsedses not
roniOedopaminephydrexylasc bartmducesh slight
enhhncementantyroainehydeoxylaseaeliditCiL PCI 2
cells .yhhavcfuehhecsindiedtiaeSOeetn tUleay acetate
on the enfithesieatoeageaydrylsassof daeaDine (DA)
hdnnorepiyehhaine(NE)l C3eH^ wereexpooed to 0.325pgSdlPb2s forupSt d dayshndthelevelsES DA, NE
tnS5HT miea celSsdatrrmmedHy HPLCe Thtreloase of
thesermnidsnneiheascedrsanondingmetaboetdt was also
seservsd.Pb2* siuhdtleanile tilSlihlt^ll theretoEse of NE
butnol DA. Italsescidncrymetebslicdet.clivotion of DA
ts3,4didydroxcyneItylaaeticaainanrhtmovamiSie acid.
5HT asnvessian l5 Cdnhdleensdndyeactais etidwss also
mCibiisd.DAanNNEstoraet wdsontylid^ridnySlyi,n duced
by lead.CheinhtbitoyvaeSeotyoflyayme]te most
pas>minyntveiar2Chrsexpoyutn!andwel'enai sitattficant
t^7^2^i^id£»,!^^^(ti^^gie^^ thypIalssntaofaeaquagbrating
paocess.Tdyay cesuUa conftem hb2* asa nctett rnhibitor
st oxSdatiyeyetebolicenryma activitc,wtnch aeuld result
in incrtdysdaccnclhlatiov c^C thepaiusmeompoundc with
pstenehlLlpotentiation th ah^^rnhui^c^t^'^ivities.
Supporieddy A
STDR #^U^^!^0A^TIF99993C^-^22

Dept. of Moieyulao mod CcU^ar PPystotofy, UnivhrsiSy of Cinctiosvt1)
CinciIoaati,HH25260-0576.
We investigated the effect of FPi -kp ^^c on ChAT rmRAA
express^n in postnatal oats. Rat pups wne moaema^k Pb-exposed by
giving 0.2% lead acetate in driiOang water to dam. S^]xa^l tissue was
Tr)mognmzed in dAod ™ B (1:20, w/v). Total RNA from both
control and Pb-hxpoadd voSmate was extracted, quansifidd at OD26K,
loaded at 20, 1K, 5, 2.5, aaO 1.22 pg otao notoo mombranh in Doo-blot
^am^fokl vxpaaatue, amd hybridfaed with y 32P AGT-radiolaUhled 43bp
ChATr antisense oiigouycieottdekuhbe orUbp rat 18S t ORNA probe,
respectively. The btots woae scooaidd odd quantified writ fee idd of a
Xhospkor imagor SF (Mklhyular Dkoaostss). Th. ChAT mRNA signal
was normalized to tlhe co^•eoponding signal obtaimd whli a probe
o ^^^IS^c for tlhe 18S ribosomal RNA. Relative to cooaooi levels. the
ChATT mRNA in septa of PN21 aad PPI28 an-nmis Mth Pb-esposura
were reduce. by 42% aaO 44°/%, respxhtivelk. These results indicate
ahaS the pseviouolk reported reduction of CTAT activity following Pbhxpouure mAcds fee reduction of the ChATT m^A^A leveSs. This work
wcs supfvrrtedbyNIEHSgnantES06365.
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SYMKSSIUM. OPIOIDERGIC MODULATION OF LONG-TERM
POTENTIATION IN THE HIPPOCAMPUS : INSIGHTS INTO
PEPTIDERGIC REGULOOIONOFSYNAraCPLYSTICITY.

SYMPOSIUM . NERRAL CONTROL OF BRRATHING. J.E.
Remmers. Eniv. of Calgary (Chairperson); D.W. Richter. Eniv.
of Gottingen; J.A. Feldman. ECAT; N.l. Syed. Eniv.. of Calgary.
The overall objective of this symposium wlll be to provide
fundamental and comprehensive insights into both the
developmenta l and comparaivve aspects o f the cellular basis of
respiratory rhythm generation. The firsf presentation will
consider cellular, membrane, and metabolic factors that
modulate the respiiatory rhythm iii aault mammals. The
second presentation will review cellular and molecular
mechanisms underlying respiratory rhythmogenesis nr a slice
preparation. The third presentaiion will l focus on comparative
aspects of respiratory chemorhchptioo and rhythmogenesis in
amphibia.
Tee test p^nma^on wlll dea I wihh a novel
approach of reconstruction of a central respiratory pattern
generatorand Rs roduulatn bbn ueuroOrensmitte^s.
The approach of this session will encompass both
neonates and adults in animals ranging from mammals, lower
vertebrates to invertebrates , he e esss^ n wl ll be a unique
opportunhy to learn about the cellular basis of rhythm
generation in phylogenetically and ontogenetically different
species from a single ion channelto ahewholeonimalehaavior.

C.R. Bramam, Univ. Bergen (Chairperson); C. Chavkin. Univ.

Washington; J.L.Msrtmez.Pr.,UC PerkeleR; R.Nicnh.UCSF.
Opioid peptides are co-localized with the excitatory neurotrarnmitter

glutamate in several hippocampae pathways . As i s hre c^e for most
neuropeptides, e function for opioids has been difficult to define. Rapid
advances have now established endogenous opioid p^^^ides nmtor retgdators
of lc^o^^^^^rm [potentiation (LTP) in thehihpocamppr. Similar to nndron«ptides
co-stored with classical transmitters in the peripheral nervous system, maximal
release of opkod pedtiddr occursdurmnhieh-e-equrdca "ttmpiatioo. Evidence
indicatng that activation of opioid. but not OMDA, receptors is required to

induce GAP of opioid-containmg paahways, including the laaeral i^irforant path
input to granule cells and CA3 pyramidal cells and the mossy fiber input to
NA3 pyramidal cells, wiil bepresedted. Conflicting evidence that maoxone
does not block mossy fiber LL? irnluction wiil aass bedidi^ic^!^ (Nicail)- The
latest findings reveal an unexpected aand intriguing complexity to oo^^^id
effects: d;ynore^de can an preryynpticttly to dampen excttatooy lrarnmission
and iin^^ieit LTP mndution. Furthermore. <^^^r^r^^^sis myy be released from
granule cell derniritet to artassetrogradeneurotrant]sPttera. The obeective of
the symposium is to synthesize what we lk^<^’w aae^^lt the mpchanisme and
unique prord^rties off opioid rdceptor-dtepnddnnt LTP on the one hand
(Bramham and Martinez). and inhibitory control of LTP by dynorphin on the
other (ChakkmanGNicoll).

COGNITIONXII

779.1

779.2

P300 LATENCY AT CORTICAL SITES INVISUAL TADAACDITORY
ODDBALL PNONAPIGTS .
I IGS M. DIseI*Tm*PsychoIogyDep t. &
Beckmanlnstitute , Univ . a S UlCnois Dt Urbana-Claampa ign,
Champaign, IL 6l0sO.

MODULATION OFENOLAAL-ODP PARIEGAL-LEBNACTIVITY BY
FNNELEDArEGNTION.PERTI:METHOD DNDI’LIN(^iEi-^iENNGDOND)
EFFECTS. A.S. Gevinra&M.O. Smtth.EEG esslemsLabooraooo&TeCMTechnolsgy, OneRicsonCeeter,aSramraaicsscc,CA,94105.

P300 y.atencT aai iupped tirhAaatopopricEUranaly sis
sf pstmial subgcuas. The eCuicDivewai Du tetperiin e if
Uhete iaaconsasDruIsequceii InwhichPAtD ceaches ieak
aepyiuedeaccaai hDecortsx.
She P300comcreruI wasecSsetidwithauStlIapandvyiual
cddbayiparaiheaI rntenneayIa subjecIp.
Iyaklatancies
nete rankeI SI rCnwthe segrcg. Ie inwhI c6 acsc alp sites
teached maxSmsn epySitude. ye^I^S^ez^r^devyIuat uaria tion
sccerr^d^I^c^IhA tsbgcuts , uDabnTCtonsDttsnaIdDwere seen.
She uopical PasuaxSesAndSaSbtUuSiAnwat aDPUAntalong
She sidy ine.
Ia tiUSSion, a hDip3P30k-IPDu Ieakoccnrred
beSneenZAemI I 50Caisafc sDSii awayfrom iSsmidiine.
Shia peakruarDdI
pnsStdDAeat Dims gites
airneysaneously, tuI uasdeietib ismuch cs CaIms atoiher
yscaSS^^r^as.
In DAu tuditocs tsuiStion, tDr tuntral/pay ietal
tehScrahad hDi uaySDest SDttsgaeI,anr iIu Dauest
naSDPcSesweDT asruUnl. PAUt aDTueanCabnnITStyin the
usaeaycondusSra, pndtesItUuDtAdpostsaUnnISIAT hese
aeaenSasuggasI rUuIP300bthDaIspeak ymuttDibeacross
uhe cstuex rn ri ti-Deriy segrcDSi^.
ThDs grcDince may
pasuSdeinshrUI tuSotlIt hPsuSUgneproasthIuasssoctrted
nSuhP3kk.

779.3

7^^.4

MODULATION OFENOAAGL-ODA PAELAGAL-BEANACTIYiry BY
FONE^S^E^DALTAE^1AI^G.4.AEAT ILOONIM iga -len -ogdoeffenafec
ts AND
NONNGESIONS. M.E.Smitti*OtA.S.Gevins.EEGSystemsIaiboratory & SAM
Technoloy.One RinconCenter.SanFrancisco, CA.94105.

When <tiffictrtltaSkslm]Poeettuelrntd carg.itivaklnd,pehticbeaatetera■icaleeann
are raarmpeuuletbeltmcatltrattoottntlteoonolngEEE.TArlaeratcfertdteedmplU-seedad
ahrnges,theldttase:ldescaierilnPsrrI((Revin& SLpthithismpt.)warseerCtrtaantyzedds
4 second etPoCelaoTateerndtntosinnletrials. TLd0isttnd1dit^orarntswCTerertebleylo
served betwlretworikld5llPmpryyVWU)atdtonttol taskcon<ndonr.FlrsttOveaa aere-icicd
prefrontal region, lPorvCT tntth:e-7Tfe((teratbenntrartntcrdredintherWU tases^etatlvato
the control tuSks-pc .02at lera^tttpnt lntdnttty medrsrrd atamidtlntlonatiooonarrherur
perior fontalgnuO- AnrtoiPliarly--rr^tStdadeitP>iemoOdtsorbeaateteeaicatccrrednttOo
cali/ed the enuaaeof ttettt^nt in ornnerrheanteriorcatdniategnnru Sicond, ovo-widespread areas of toi-tex, buu lpprtprondnudcdonaraenatedleeionnpadtkowa‘md 1-13Hi
(alpha) band rlto dif<radtleew^enleewded\WU and caodoiiarks)t"ithiondrperwrrntlte
WM conedttoons"p< t (X)lateePldinelorcriooona^rheperteriornmrggidrfheruperiaraarietal lobule). Taken t<rgdtee•lWthlhePsrt trareild, lherefoddlnr sergertthetadlttrineied
network of atttdlttoinri leroareer,\wth d-setnnttimpraorrertndistinntnddrondtpeoeianoon
are required to perOo^ptheldepndhnn\WU tanks.InthefroodtlloOes,incootuunConm^th
tonic foctrentgof e^wrrndttintaerned-hedtanavityapeean5toreftectdnggerdmt of mprdl
aom]enmddttof the etttrdtondtsesetdpperrenettidurdldtheentnrioramgulrteey^.rrtnneatrast, the phasic attention nrqutrditbrstaradln aan u^at^ thecaoteddsorwd^kkldmpeory a]eernrtt0letref<ea.tdin EE erdhama^Pdttntaterat:izzdreeiootorfdraeanerlpredfntal cortex. Finally, thes^retl^deief^o■r ^1^1^^ npa^tta^ an inter--rint intd^nt "reraeeedlr
tion of the stimlUiinvoivaeePxidratioooroaaviiylnwide:dt^ratdteglOlrseffmnaldtcorted,
and appears to hrreefdtteileOhlntde"tinprersloraedendendcmpdtoroperterioralon wip
tential, and in a tonic rdduatlntmlhempprittu-eer tth eteeerteyhepTLisraredaaa ^ransere
ported bylAFNSR, IGIMI& ONO.
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The ttrntrgica^loaatoner attdntino rreiurre to perfonn d-fifct coo^di^^ate^ltsts
reflected in coiTe^eeodiinneeintcand tontccCennesuide^mrdra^inlecC^nalacttvity.At
errerdt, high resolutionetaCdooeeytoionicalmpAedss^eteeenlymputsef ^errSnlvggotO
sub- and pulti-stdandatttetinIn1ee0oeatmaseldleeeperimped TAismpnbeddonbeynalny
ing the data bothm5diltaeteavarrned EEaOedPsiedtiallEE)peaks,andarcootlnnrostaulveraged EERs. ;A[texperalPpnt "elldble"orbe^tvierwemtswdaddrlgndddroonddddpnnlng
teatinl and verbal ttaSktlhat^<rqrtrdilanttndrnrnpanterdndaand urPdr^ldor^edrereedtt
tlndt in wo^kinglPrppia ((WM). Impronattpattdlle:dSu'ronwdsebietntntdyyeadtOrdn
EERs with 1L5e^^^1t^rode^, ^etgttdrinn tdeddta\wth atmtooPcclmpOdlsddrivadiron mach
(O=8) subject'slME, endcanerandforaolompronducrC:tndlemngtflternreld sktkiand
scalp, in rffettettilpttnnAele>iedtintdise■rnerintl nurtanerarhecanrcatserfarClFFrrrequent, nontarg^it stimuL atP)rtltvaEPppdn aa ec^5r^swdrlaraerlnthe ssetint \WM ccndiiioo
relative to the ottedrla>ndiltont> ec^ilc^^ddbeape^at440^•pthetwdatargerrnbe0tepetlal
and verbal WM conniltDtnratatinato caod•oiconddlons.TAevolragempxtmpaorrhePS35
and eleS450taarITrd over do^^lateral
laoaexn«nlhe pr^itdat«t suhcu>of lderitgit
and left- eepisphld•es^e!eeratvaty.^Aetebrier(~100-200^p)eeatd5orcuuratindera^el
with a positive sl^^\dw£^5^^, eprtinp1onarrheserpriorppnert1lonernn-heserranpaggldl
gyrus, wth a s^^ig^t ritgethetPteeeraprrridrlmltntelIlbeggt~200^]pefte^slt^]plusens^tt
returned to bnsrlinebyt~5(XhpslP>rtt-timpiurin caonoicaonittoot, annwdrsurtamddtor
~l<e^ longer in the WM tnndltlonsttent inlc^i^tt^r^i lt^ndiltDnt. 'nh:rerartUltstrg’ert tdet tth
phasic nHncationof atttelttoneurind^WU taae.smdaivasthemp^mrntyyuncttonatclcn-Ordnt
tion of regionsof fanta1ann peaiert1carted.TAeretatioothiporthe&tpeennnPIrttompliisecond tomca1ttdlttolm1 erararserisdisearsedm Psn^(SLllthee Gevins,thie mtp.).TAie
rrernrae was suprprttdibe^O^ULytf'FTF,& ONG.
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COMBINED PET AND EEP STUDY OF SFIFAINED VISUAL SPATIAL
ALAEGATIONGDC FIPUALERRGDEENTECTIOR. M■G.fVOldorfr*.U.U^oXt
F^^^■^tedr.y.Veeras^^mn^. LL.Lancastpr.PlAl^e^abek( N.MMartin. Research
ImagingCeneer, Univ.f ^xass Ha^^hLSdenceCenrer., SaiAmoniA,T?(78474-4240.
PET sst^idies have indicated various brain regions involved in visual attention, but
they do not peorade riming mnoomarion and have tteded not to ditringrite between
sustainidt attention and taaaett-etated prr>rerstng/attenrinn.
erve differentiated
edtd,reenl and revealed riming of aurta1nnd-attedtion vs. taaaet-proaetting activation
ahrnges,butprarirelyspafyndggtderrurcerofthraeetttete easdeen difficult.
In tlhis prooect, ERCP
PET ssant Wire bbid aerarded (separnte sessions) weilr
subjratts (n=9) fixated on a small arost and bilateral lower visual-field stimuli were
rapidly er■tsrtnted (~2eracl. n active runs, tubjrats attended covertly to a designated
siae to detect target stimuli on that side. There were five conditions: (1) Attend right,
many targees (16^%); (7) Attend left, many targetst (3) Attend rightt eevv aarg^s-2%); (4)
Attend left, few tt^^ets; (5) Psrtina vierving tz-c i^-e]edant lar£^^tt^t■ Each subject had
two PET runs (15--T water-bolus) and eight EEP runs (64-cern} of each condition t PET
images were analyzed using Change Dii>triburion Analysis after spatial norrpalizrtiod
to Tala<rachrnace.
EEPs showed edhanrdd peslrivltf oramf-MOO mseevveasretfaa l.aaaiptt. areas for
both targets and nontargets in active attention conditions vs. prttive: Aeit errly-pntirialty attention effect did not differ beeween many- and few-target tondirionS; indicating similar tustninfd attenrio.. Targes in acrive aoddirion s aero elicited large P322
waves (372-620 msec), preceded by contral t N2bs t -250-300 msec) t In the PEA, rativr
attenrion vs t passive aotd:itiions showddstron gacrivltyinsrt^^i^al.Stssal acciptt. areas
(LA18/19)i which also was similar in the many- and few-target tondtridna. hi conjunction diith HeiIzre et al. (Nat^i^e 1994, 37'7\ 554--44), wd^c found attention effects
in human contral. fusiform (but rst dorsal oaciplt.) for upper visual-Oield stimuli, the
present results trnnee>t husarn area V4 fst lower visual field may be in dorsal ottieit.
cortex and a source of the early ERP attention effect. fLome activation was also trenl in
contral t fusiform in active vs. passive conditionSt which may reflect ^ctivarioe ot a
aentral paraHeieraihwyytarbbtcdt dnalysla.Tdere!l. irnguSeta ws s ^ryy atrive n both
the sary- ard
cc^c^iitc^s^^ vv. peretve, wiih liitte ditferente Deeween many
and few, tugnesring tnta ae^a Ss not tetaiifc to "teiection
action" pre tet. No intri
eioodieow effect was apparent as a likely P399 ssurce, a1liiouge some indiarriod of
distributed additinnelactivily m the mrtwttardet condionns wss rede n the overall
eopu1atin n staritries. This aombindd PETEERP study indicate" pultipte arm
actiaattdlduidngvirua1 deteiniondndp^ddidns insinhilniottieirtiming rda functions.
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CHANGES IN AUDITORY CORTEX ACTIVATION DURING SELECTIVE
ATTENTION. E.L. Grady*, J.W. VanMeter, J.M. Maisog, P. Pietrini. I,
Krasuski. I.P.Rauschecker . Lab. oS Neuroscience, NIA, Lab. oS PspchoSogy
and PpychopahsoSogy, NIMH, Lab.ofNeerspsycholooy, NIMH,Bethosda,
MD 20892.
Previous studrss have shown that attention to a parttcuSar stimulus can
increase the activity of tho bratn araa tesponsible fos processing tRat
sltirnuSst^ We isvestigsted the sffecis ofselesitveauditooc attention in
superior temooral oortex usmg Ssncisonal MRIsn 5 yosmg ssl)jtctis (3F, 2M,
2(5 ± 5 yrc). Echoplanst unaors, using a 1.5Teils GELcanner, wereobtaoied
while subjecic listentd to 3 wesd lists. Subjects heard each list thtee tiraes
(for a toStl oS9 9cant)tandwees Instsusied to count the number of times tRey
heard a patttcuiar word during two oS thsertprareirtsttout. For ths thLrct,
thsc Hrteusd to thh werdt wiehout countiug. Each seas consisted of three
psriod.s of words altsr^<t(^g wtth tecsse peridds of uo stimuaatsun, eath 30 asc
in length, and the coder oo presyntation of the wood lisis wea vahid accoss
subjecis. Imrges obtaShdd durtog ttimulaSton were compared to those
obtarned duroig.rest using cut ANOVA (p<0.01 ) with a suSbequent test of
sionificuclse on the spctiat extent of esch durrier oo
voxels (p<0.01).
Ali subiects showsd s^^u^f'ic^i^^t areas of activation in left ausitorc ccotex
durmg all listehino conUttious compared to rest Riaht hemiappere
activation aioo wac sMut iu 2 cuniesis scaauied with a hdl-head coii.1. Dores of
ths five sunbeds showed a meansctioatiou durinu theattantioo conditions
that wcs substcntiatty latser Ut spatial extent than that seen duriug the
pcssive listenting coddiSion(112%, 324% aud 338%). Two subjscic hod an
squioaUent nmmOer ff voxeis activated iu the atientiou aod patsAe
couditiuns. orthse msui ts povvide preliminaryedlUence tn support <ff an
aSShntisnralateUeuhansemeoiotastivationm audltory cortex.

A LARGE-SCALE NEURAU MODEL LINKING UOhAU
NEURONAL DYNAMICS TO POSITRON EMISSION
TOMOGmPPHYPPTTRnEIOONAChRRBRALCLOODDLOW
(rCBF) DDAA. M-A. Tagamets1. B. Horwitz1 aud J. A. Reggiac2.
!Lob. Neurosci , NIA, MH. Bethesda, MD, 20089 and2Dept. Como1rSer
Sci., Univ.Maryland,Conrge Park, MD 20742.

Iu orddr to Uetasr o nderstaod theneusst meohoteisms thet unddsHe
conuitide asharOor, we havs dddelopsd a 1argrlSyals nnurol madel thet
relates local neuscnal dynutaicr to funsSiouni neusoimaging ddta
[e.g., rrgiona 1 cersbeal blood flow (rCTB)) acqusred by Cechniqqes
sm^h ae porirrcn emrn^ion totslouraaey (PET) durino performanse of
saecific vv^^al tasks. Distinct monutes off the modei repsasent
idsnOtSied visual coriceal cress associated wtth the paocessing of
iufoamati on bbout sl>ior ond shape . TS e model hos two genesal
properties: 1 ) fast local dynaa:ris s ore modeled bc edplictt prs- and
posticunaptic prosesses that maolulate effective conuection strengths,
euabUog disrriminoSion d nd btntr ng o f featuses te.g, , ccoor, shepe)
presunded oo a maddse reparseuttng primory visual cortex; (2) rCBF
data ars ntedelsd by 1n0esnccting over time the synaotic anU neuronal
activities generatedby tSe model for each ccrtical area. Ws used this
mode1 to simulate o PET study ofseleerivs attentiou (poloo w. shepe),
and showsd that the task cac.be perfasme0 d sins; rpatiotemoasal
encodtngs simliar to those sugurtted by c 1ecreophpttoloutoal resuhs
te.g, . Siuoer , Aun. Rev. Neuroscj. , 1993. , The (aiportasce of o "topdown ' effect on Caskperfor'monse is demoosSrntsd. Ws ates aseessed
the implicatisns of faei temoasal featurs binUino fori nterpaeting PET
data bc rCating ths feet local dynamics toboaU region-syacif,ic rCBF
activaStons anS lnterreCeFd rCBF correlations.
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A PETSTUDY OFUDDIOORA ANDVIAUAT ANTENTION
D.S. Q’Learv.* N.C.Andreaeen. H.Hurtig.L.Flashman, I.Torres,
R. Hichwa. MentalHealth ClinicalResaardh Center,Umversity of
Iowa,Iowa CUy,IA52242.

ATTENTION
MT/MST. K.M.

We havs ppevioulCy foudd that attending rieht oor lsft for
drchotiaa^acpreshnted ot1mulicysredasommetriccUrnger in cTBFF iu
audioi-cy cortises (O’Scrcryet a.. , Brain and. Language, in pressi. Tits
presunt siudc used simuilansduslf-pryredted visual aud auntrorc
stimsuli to assns themoOatiCy-syacifictty of spatial attentioo. DDring
different coddifions of a PET siudc with (0-15) water , 13 nosmai
volunteecs attedded teft aud right tovisuySiyt or audiloryrfrerynted
consunaniseowei-cunsynantp(CVCs). During visual conditions,
tnbjects fixated centcaHy, bu t montiored Sf^ft or right visual fieldt white
ignoring dcchcric stimul i. Atteotion toone or the oohsc vvsual fieldt
caused ascmmetric TtB F chuoges nt extrastriate corUces, but did not
induce atcmaretric rTBF c!tauges in aunttolrt cortices. The activatiou
iu aoditorc corticdt rosultiug from nuoaiteuded dicOotic stimui t was
if amretrical. When sb^ests attedded oc dicOotic stimuli , we replteated
our finding that acteudmg idft or right caosed aeymmdtric rTBF iu
tempotal lobss, but fosnd that rCBF in occiput ccrtex wet unnCfected.
The pattern of rCBF cconge indicates that sf>aital attention is maoahtytaecific. Resnynsof mterest wore traedd ou each inUividsars MR
imagis winch wdrd co-reoisSored with thsir PET imaoes, allowino
mdarnrament ff rCBF iu Heschl's
the pUnum temporale , ths
ancendiog tamss oC ths sscviau firsuos and striate costex. Thm data,
wtncli wilt be dissusssd, addrsss the ansComtcai location at whtcO
attentiunal o Oscc Ss oesur iu sensorc sytsms ((.e., prtmacc vs seccndarc
co^^rt^^S^S).

O’Cravenv,

fMRI ACTIVATION IN
R. L. Savov^*, B.R.

HUMAN
Rosen2.

'The Rowland
ft^r Science, 100 Edwin H. Land Blvd,
Mambridge, MA, 02142. 2MGH-NMR Center, 149 13th St.,
Mharles^l^'^l^^ MA 02129
(kmo@nmr.mgr.rarvard.edu)

We used functional MMI to measure the amount of activation within
functionally defined regions of the hhman brain hhmolocjous to monkey
areas MT and MTT. Subjecas viewed a single stimulus that consisted of both
moving and stationary dot^. Motion was radial and ssbjects fixated a central
fixation point. Irritially. subjects attended to the moving dots and ic^nc^rf^cd the
stationary dots. Every 20 seconds: . a verbal cue inssructed subjects to
voluntarily switch attention beeween the moving dots and the stationary
dots.. The mggnitude of the fMMII signal was significantiy higher while
subjects attended to the moving doos than while thhe atttnded to stationary
dots and igori-dd thomovi ngdots.
An additional experiment sought to quantify mc>re
thh modulation
just ddscribed. Subbects viewed thh movinn-ann-stationary-dot stimulus
during four 20 second epochs. alternating wRI't epochs oft a stimulus in which
only stationary dots were present. During two of the tout eeochs of movingand-stationary-dofs, subjects attgueud te the moving dots, and during ttie
other two epochs, they attended to thh statiodnta dodo. Attending to
stationary dots did 0^611111^6 MTad^ivTatioo. Rather, MT was hh^hly active
any time a stimoluuconraininnvivftal motionwahptesesh. Hurnraverr when
attention was directed to the stationary dots, activity was only 80-90% as
strong as wlien attention was direhted to thh moding dudc. This attentional
moUulationwas significa nr (p <.OOr)joreochoftSteecubjects.
Wha^t does the modulation of IMS activation represent? Is tt additional
activation during the “attend moving” condition , ot is it suppressed activation
during the “attend stationary” condition, because the moving dots need to
be ignored?Experimentaarghnhe^wahto ene mis eUtis onest'ion.
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FUe^C^TO^I^,EL MRS OF AUDITORY EFFORTFUE ATTENTION IN HUMANE.
HT Bositsr, EI S rid man, JM Gotxlman. JM Goldttsin. KM O'Cravsn. RM Welssks00
PWR Wooitrfff. R Savoy . A Jicsr. D Kennsdc. W Kenusdc. MT Tsscugc BR
R^t^^^*..H^i^d^d MeCCcalOsSotSand MGH-NMRCenter, Cyarle■stowc.MA02129.
Attentiun becomis eOSosirul whit iscrearrC workmg memocy load, nssds for
int^c^^it^^^se conCool , or difficsltc of tt^r^t^^ drlssiion. Utinr Onsctionai MRI (fMRI),
ws isssttirated if au auditorc eOOo^tfSi attention task would activate regiost reportsd
for sitncl selsciiss attsstioni incinding aooinsleat cud SOc Icoius . Ssven uormat oss
Oad coutiguouc 7rnat cxiat imtres covering pons to parietal cortex acqsicsdt with cu
ctfmmstric spinlceho insiyotsn sequscse. The paradigm saploydC au A-B-A-B
dssign with
blocks of 90 istteot arsrsnted ^s^j^^lct one lettes per ncond. In A,
tnaeecis respodSdd te the letter "t" wOsn immsdiatetc prcsrSrd cy a ”q'' (QA. . B
cosditions requCred eSe sueicd te respodd to the l^t^^c "a'' when ac'scedrC by a "q"
four lsitsrs arssiousty (Q3A, , aud irnors smasdded false csss cud
Tarost
probablEcy wac matehdC lsitwsse QA aud Q3A couditionc at 20%. Ssaercts wsrs
tcosned thru times . FMRI tias tsrist date wcs t^anrfocmsd iuto Tclaiooch spcce end
ssa1usted usmg tOoss novel aasragisr teshnlqnst and nsssacomeiric si^l^^stical
raappinJ. Comptdrd te QA, tOs Q3A conditiou arodnced , et tOs Bosi'soooni lsvel
(pc IO7’?,, posivse chunse bllatetaHy in tOs plt-Cetal-occipiiai cortsx (PPT), thclamss,
ruperios coliicu1us (SC, . tnaplemenitc-y motor area (SMA. , ^t^o^n^^i sce fislds (FEF)
aud dortolatetat ac'eOronirl cortex , md snilaterany in riott inOsrior temaoral cortex
(ITC) . Strnif^Ciutt negative
change o)i^i^ltrr^d in ths astsrior cisrulate (AC). Teis
sOidy fomd activation in regions ac^o>r^it^^d bc Posner aud Peterson to Oocm c pottsrior
network fos ocisnting to rssrocl
(ie. PPC, tOalamui . md SC). along witO
rsgions
an auterios ustwork for tirnal dstsetion (ie. AC, SMA.), Osr cndisotf
task ^^^o produced activatin' ut visual regions such as PPT. SC, ITT aud FEE; tOsrr
resuhs may oslate to cognltiss 5^16^ emplocsd. Effortful atisntion appease to
dspend ou ths entire dtrtrCbutsd nemoor implicatsd for selecsisr attsution . with
imlaoriantsaraonseytabningisasndsdentoStsnsarorclisCalUy ofstirnulus.

rCLF IIN CINNUDLTE, FRONTAL AND PARIETAL CORTICES IT HIGHLY
CORRELSEDD WTUH ACCURATE DECISION RETPONEE TIME DURING
TONE MECOGNITIONi HlH■Holm?mb*. Pi J.Caud. H, Z. Zhao i D.MedQff, U.T.
Mavett, R.F. Dannals, C.A. Tamminga. Malciand Psych. Res. Ctr. and
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JohnsHppgisTjUedlicstit| 0altimTre,MD 21228.
When trying to recognize one of two similar stimuli a subject must suppress
irrelevant and distracting information, and enhanhe his attention to important
feater-es which help him distinguish one frr^^ angrha^ The cingulate cortex
appeass to play an important rde in duhision
We have used an
auditoly recognifion task in conCunction with tee 15-o>tygen, bolus water, PET
rCBF olethod to rurteer and^l^st^^r^d toe role of various corti^I regions in
making difficult anaitora recognition decisions. Twe^e normal volunteers
w^^re train^t (3200 trials. to recognize high frequency versus low frrRuahncy
tones in a forced ^106 rehogsition taaS. Twelve rCLF scans were obtained
from each sabjhet: 4 resting, 4 sahnararrootor controlled, and 4 ducision. The
aveaage acaatecy to r the 60 trials presented Uar!gs hcee decision scan was
80%, median accutaje resposee time = 683 msec. Data were registered
(Woods et al, 1992) and stej•eotaxicclly normalized (Fristos et al, 1995).
Statistical Par^^o^^rl^et Mapping (TPM94, Hammerer-nito Ceciorrgn Uni)) was
used in conCunction wito o0^eh coo■elatiod motrix algorithms (Horwitz and
Mapoport, 1988) Ot assess rCLF relationships wth accurate trial response
times (MT) , Furr regions 1x 1^^ highly significant positive correlations (r
>0.5 , ^(^-)J-51) wito T T Uungg dedsim scass: ^rt^^i^^r cingutthe, mid frontaI right, mid - frannal leftt aad inrorior pariejal loOule lefti Teh cingulate
cortex also 1x 1^01:1 highly slsglrletnt eorrelations w^^to eaeh ft toe drhRr
three regions (p < 0.005). These associarigss ugseestfoatfoe longer tt takes
a subject to make his decision toe greatet will be his blood flow rate to the
anjeriorcisunihte, uridrrontaia^O lefjpafioraicortices.
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REFLEX SACCADES IN PATUENTS WITH UNILATERAL VISUAL
EXTINCTION. C. A. Marzi*, A. FFnini, G. Gcumbina, A.
Ipata, C. Miniussi, N. Smania, G. Tomelleri. Dept. of
Neurological & Visual Sci., Univ. of Verona, and
Neurology Div. OpeeaaleBorgo entoto, Verona, Italy.
Patients with unilateral left visual extinction as a
consequence of right hemisphere damage centered on the
parietal lobe were tested on a ssrnple mamal rraction
time task with llaeraliied brief flashes. There were
three conditions d ssenalas pprlOlierion: urniateml
left and right hemrifnla ostiali aa^d .bil^ra! stimuli
across the vertical meridian. Ss were instructed to keep
their gaze steady onto a
ffxation point both
before and aftr ssenalal pprlOlierion.
FfIlowing
execution of the response, the patients were asked to
report on the number of stimuli just seen. In spite of
the instructions, there was an overall mean of about 25%
reflex-like, stimulus driven, saccades following either
left or rriht euiiareral
With bbilteral stimuli
about two/thirds of sa^ades were directed to the
ips^es^^]^ hemifield. The latency peak of saccades to
unilateral right stimuli was shorter (162.5 msec) than
that for saccades to left ssimuli (237 msec) but showed
the same latency as that for rril^t. ssacades foil owing
bilateral stimuli. The lack of lalOedinzcted saccades
with bilateral stimuli was present in bboh oxttinuished
and correct trials. The same was true for the lack of
interference of the left stimuli on saccadic latency to
bilateral targets. The present results suggest that the
simultaneous presentation of ipsilesional stimuli has a
profound inhibitory effect on reflex ssacades eUcited
by contrralsionnl stimuli. However, such an impairment
does not seem to be orlared 0t Oth .percept!! ehtnomenrn
of extinction.

NEUROTROPHIC AATORRS:
780.1

RECEPTORSADD CELUUARRMECHANISMS V
780.2

SEQUENTIAL

EXPRESSION OFTRKS A, B AND C DURING

DEVELOPMENT AND REGENERATION NF OSFACTNXY RXEEpETOX
NEURONS A . Jane I. Roikams*, Angelyn Bethel, LFurie Williams and
Gabriele V. Ronnett. Dupartment of Nsurosclence and NEurology. John*
Hopkin s School oI Med^^e^e, 725 N. Wolfe Street, Beliimore MD 21205.
Nerv e growth foctor (NGF), brata-dustved neurotrophic facto. (BIUSF),
and neurotrophins -3,4 and 5 (NT-3,4,5) have been ideuitfied and
charccterlued b y ther, ability to induce neurcnel diffooenitation and
nuppoit neuronalrurvivai in vir o and in vitro. A lamily of neuiutrophin
receptor tyrorme kinasns (T-kn) mmltatus neurorrophin action and
peuook•opriinbmPing las been shown to itimslaie homuktmerizatinn of
one Trk, heteoudimerizodion ot twoTrksor one Nrk and the low affinity
NGF receptor (FNG0R,. Trk A,B,C and the 1NGX aae expoesned in adult
and duueloping orfoctory neuroeoifhelism. Nhe 01^10^ neuronal
eptahelism i* capoaie of undurdomg neuronal legenemhon throuegout
the lifetime of tha o^ganim. When the ohactoiy bulb is removed, the
nuuroopithuSumenters a slate of co-oodinate regeneration, where theee in
a sequential exot'essoon of T-k A IprooursOT neurons), B , immsture neuron.*)
and C (msture neurons) within regenerating cnactory neuron, at different
ntagns of difforentiatien. In poimary cultures of olffctory neurons Trk*
become sjoeci^:iicaliy phospnoeylated when challended whir tthe
appropriate neurotrophin hpund md activate a signal tranaduction
casca'c tHal terminates in the up-regulation of immediate early ggne*
*uch a* fos ann julriWeerecureentiyexepnutmg thh oltaciooy poti^'^'^b^s of
mice with a null mutatipn tor thee Nrk A, B and. C genes todetesmine
whehser hie phnnob-ne of these kniKkoet mice suuporr* the suggested in
vivo role for euch Trk andto kxammethe uossibiiity of ueuroti•okhip
receptorredundyncy duriagdeueiopmentintois system.

NHE PX^XALCELLUdORACIDIEICASEONRESSONSF OFTAE AXXPRESSING EEFLSTO NGFtSNWWN-PFR}lANPUEDBYCO-EXPRESEIONOFS75 IN
EE 12 CEFFS AND ^OAN/SPENPDD -CELLH H.W.WaOaNt.Twis-t, G.T,
BcpterrA. |t/S■kokA.E.M.hhouteriiUnS h . H■SsscmanP■ eMolecula^ETvices
Foro., Sunnyvete, CA40089, tniforOTRUnivers,ty,St-etfoId, CA94305.
Geeeotrophioi play a ceotral role io neurooiel deevieptueot and rusiojeoaeee. These
mn1neules nxisi orimarlly as dimers aed bird to a ffmiie oO neero-roptn receptore,
which include trtr^, trOB, andtrkC. Aiethhs recepteo fo^neeseeroplnris n7PN<GFR
which i* a msmSe^ oO ihh TNSreeeptot iamilv. We thve ured thh CElatenso^®
mieenohytiomeier te sludy the eoln of p75 in cembinatike with trkA, the putative
high affinity ns^eotor for NGF. 'Nhe Cilooensoe measure* increase* in eetrecellular
aeidificatien rale ie respond to rencuteo actiwlion oO inl^rircel1u1lc^ siona^ieg
ociawayt . I n eee set of etonriments, PC12 cells tranrSonied wiih aajitsensn
snqennces dirtied again.t either tkA8 ot p75 were
wiihi wltd lype 1F812 cell*
a* control*. Aniitrrnre-k■dA neU s -had a suporessnd aeidiileaiio8 r^^;^jo<^^re te 10
ng/ml NGF comoared to the wild iyou EF 12 cclli, and aaiitsnnse-oO5 cnll* had ae
enaneeed response to thu *1^ amount of NGF. It wc* a1sk ektnU that an anti-o05
mkeiXllonaI aetibouly (MC822) whia8 does not inhibit NGF bii^<tieg also suppressed
NGF resoonses ie wild type e E 12' 8^8* Them data sugget that p05 ha* a negative
rngulateiy function for acidification responds to NGF in IEE12 cdls. A siluiIae
ense1t wc* netainnU esieg F cell* 001^01^1x 1 nithsr with UkA aloen or with both trkA
and p05. Nhe tekA ^0^*010^1x 1 ^11* gave large ((^(^<%) 10^1*1* in acci^i^^iicatio^e rate
which were settaiend over thn time of 0^0000^ exposere, aed the trkA/p05
tranuSected celte gave ae a1ieneainU resoonse (15%) which raoidly returned to
easeline, during the neuroteooie epoo*ure. ^*'6 resu^i suggnrt th^^I o^05 may have
ce inhibitory oe desensitizing nffnct on trkA activation by NGF. This *.0X1 wc*
seopoi-tud ie part bb' Dufoure Aduaare Roseereh PEotncis Agency, Coniract
MDA802-92-C-0055.
.
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DYNAMICS OF TRKA PHOSPHHRYLATSON IN REESONSE
NO INTRAEEREXFFUL NGF INJECTIONS INI RODENTS. L.F.
Kromer.* and D.R, Kaptan’. Dept . of C-'l Biolokgl GForggtowp
Rnive*sily Medcaa! Eenter, Wcshilgtnpn, DC 20007 and ’the National
EancerdnstituIe, Fiedkripk, MD21702
Ehoiinergic neurons in both the snutulmeasai Oorebrain and
puortria1um ore responsine to nerve growth factor (NGF) and e^p^i^e**
trkA receptors, the high, affinity recepto r foi NGF . AkooughE C12 cu II*
have beep used 61X605^111 to st^rc^^ NGF indeed trkAphospohoylatioe
and sue*equent signel r^antdec-ion in vitro, little is cc^rr^^^tly known
about NGF induced *igeaiing ahrouhh trkA receptors i vivo. Thus, thu
oresett epperimenis were deripnud to 1x ^110.1.16 the do*u resoonse and
time course of NGF induced tr/r4 phosohotylatipn in both ths
septurrddiagonal fend tSDeii) add ^s^orticr^^um NSS) after intraventricular IICV) injections off NGF ie adult rair. IEV inpections of
NGF uphibiI a ccear duoe respon*e (10eg, 100ng, and lpg) in the degree
of receotoi phosphoyylation in both the S/DB and NN. Moreover, a
^ir^^^ IEV ienuction of NGF (1 pg/2-4 pl PBS) remits in a porOongnd
receptor eciiva-ionin hie SDBB eud NS that can be detected by 30 mie.,
i* maximal from 2-12 If*., and decrun*es io ba*eliee levels by 24-36
hrs. . T o detemrine whether hie dynmcics ff ahis re*ponse coutd bn
altesud, muitiple IEV injection, of NGF wese aduUnirSered. Whien 3
IEV ienuciions f NGF are ndminirtered at 48 hr. iptevcais, hi^se *i a
or^oOrgs^ed cetivationof trkA receators in i^<rth ^h^e S/DB and NS which
lasti for ai least 72 2rs. Thih no-entialioo ofueceptor phosphh-ylatiop
with multiple NGF injection, ha* importani implications foi the de*igp
of possible CENS treeiment therapiu* with neuco-rophic factors.
Support eebE HIHgiEntNS-31445.

REDUCTION AND LOSS OF INNER EAR INNERVATION IN trkB
AND trkC RECEPTOR KNOCK OUT MICE. B. Fritesch*, @A. M.
Fagan, #R. Smeyne, and @1. Silos-Santiago Creighton Univ.,
Omaha, NE 68104. @Bristo--Mtyess Squibb . Princeton, NJ
08543.and #Roheelsst. Melee. Bio ..|Nutley,NJ 07010.
The pattern of afferent and efferent innervation of the ear was
investigated in embryonic and neonatal, aldehyde fixed mio^
homozygotio for the trkB or
geneeeletiossssiggDiI. BAB’7"
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niive oped Iooo I inneinatio n to alloensoreepithai iayy 12.5 dpo
but lost ii tto the semicircular canals bb 13.5 dpc. The utricle and
saooule showed a reduction in both afferent and efferent
innervation.
Efferent lnnervation to the
region
developed delayed and only to areas with an aEereot
innervation. trkC~'~
I ganglion ceHs n the
ooohlear basal turn. trkBitrkk ’
out mioe had no
innervation at all bb Pp, Mice homozygotic for
and
heterozygotio for trkk ~ displayed the tttkB^' vestibular

phenotype but showed only a patohy innervation of the oBoelea
by very fjw spiral ganglion cells, to cBntrret mioe heterozygotio
for trkB ~ and homozyiBtric for trkk1 ’ showed only the
phenotype of a simple t^tTk^' mutant. These date show hat TrkB
and TrkC reoeptors are both neoesssaiy and sufficient for otio
ganglion oell survival.
Suted rty dbv PIH (P50DC00215-Q9).
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IDENTIHATTIONOFA NERVEGROWTHFACTOR RECEPTOR
COMPLEXBY FIOPHYCICCLEFCROACHES. A.H.Ross*. C.A.
M.,Stl.Stepl^ei^;;.D.R^.:Kapl^aLnGD.E. Wolf.
GorcesteiFoimdationfor ExperimentalBiology, ShrewsCwy,MA01545 and
OCI-FtpdericCCancetResearePendDevelopment Centsr, Gaithereburg, MD
21701.
IS has bsen proposeP that thsfunoricaod high-aOOoiSy nerve j^oySS factor
reuepFrr is a h-XstruPimm oFtwyprotFsnsgp75andTrkA. We h-ve oFSained direcS
eviPetrE oO the exrsSsnea otOhS- coraplen bya roatPisedapprorch of fluhtrscenae
reanvery afSer pP-lobleraSing (FRAPX cupatahing fluorescence cotefocrl
miaroscopy, roP site-direaSeP mutageoesc. GSnai gp75 is expressed alarm io either
mapmrilien PC 12 casHs ot usmo bsruIovlrhc-infectpd intact S99 (mils, it is hi^^ly
mabile as dPesmmineP by FFEAP C<a^:rpr^ii^n wish TrAA cruses a rePuation iu the
mabile Orctiao; TrAA iimpaSilizrsiion of gp75 is not observed, iO the cytoalasmia
Pamam of gp75 is truonatePt ar if TrirA is mmtated to inertsvate the tyrr-Anase
Pamain. Antlysisof difhssion toffle^^ntsin -he presenee md aSsenee af NGF
suggests Shrt £gp75 and TROa C arecoamtexed, even for neared rrmaepSars whiah da
oat bluP NGF \wih higg-arriniSy; Dirtast eviPence of gg75-RriAt complex wrs
aSSrinePt Sy copatchiog studies. Is wzn found thstpatcning of ggp5 bs crotslliOArg
autibtpiics resuSePd io (ajpaSahing af TrirA. Aoalysis af mut'SeP receptors by
aap^^^^i'Ong indicsecs natepfor compixxes Oi She abseoam of luiig^-i^SoiSy NGF
Storing siSes. Using ahimeric reneplors of TriA. md Tor. we determined Shat the
cxSrtreltutar PamaOt aOTrAA is cUtisa' forefficient copptohmn; Ge suggesS that
extraeehulgr inSetnclions drive camplex fbrmrtiong buS foueiSonpi higg-at^miSy
OGF Sinding results Orom a conformational chmge ir^o^c^^’viog iniraaellular anP
extraceltuiapdvmaino SfboeUreueptors.

DIFHERRNTIAL

e)ER^E^M^I^^C^NTALEe^PRlOSSIONOF

RH^rTERtC
Dt^vlcs

THH

ISOEMRMS N N THE
Iww Is . C.J, DaviPson. .RK.
Gat1s•oinSmstinal Unis, MetscchhsetCt General

OEUNOTRONHIN-3RHCOETOR

fCrkC)

NEEROUS SYRTEM. -I.D.

anP L.M. Kaplat.*

HospSPal,Bostoe,MA 02114.
aDNA cl^n^^g sShdlcs have suggesePd the ee^iimnet of mpttSpIXi
oxurottppOin-3IRT)3) receptor OsFrprmseFprr(te(rby -Se trC2 gene. In
rati aileroative splicmg tf tS^e prim my tr^ trstpts^i^tps gnneraSiis four “krmp;e
aampetent” ltofovms -hat entPete rexpptcrs
y y Shte presence or
'Ssenee of 14, 25, or 39 amino arid ^0^x 05 in thetysosinn kinere dPmaiOs
rxsreiciively (Co, C14 , C25i art
Ffou additional “truncated” TrikC
isoFt^t, wish id^r^iS^^al exXrerellhiar ligiri(taSintligg da^a^^s, cooSam umqux
i^tI^^xehlptar rehuemces i n place of th- kinate dommn tTTCC)8- TRRn3i
RTC143, and Tr^1558t. Gte have dPmeltped two reverse t^anpc^iplSoo
polymerate chit n re'Cilon (ER-ITeR) Sased strategics St nmasurx spprifia
expression o f thm veptohs tr^lrC isoforms. First., qumisrative HER wifo ao
mrsny dmSected, aamnetitive mutant tonrtrucs ts utPd SD quantitate SaSat ti'kC
expression. Primers ^^n^ ng -Xe kinase domain spliam site 00(^X11X611
pp^riiity Shm four kinase con^^is^nS isoOlrmSi aiioying measurement of thm
relatime expression of these mRNAs. Rhe secooP arsay empfoys simiiar
Snchnihubs Ft measure expression nf mRNAs encoPing the truheateP
rmceplort. Thmsestunles reveal -rat Ct aoP C14 are thh predPminanS kmasm
anmpetent stoforms aad TTRCsg is thepre0onpnanS trunc'SeP isoOorm io
p^rip^i^rM^al Hsures atPl wishin thm gnrlrointeslipal tract. C25» C3t, CTGios.anP
TRGH3 are expresrPd at lower lemels inselectedtisselhl. Isotorm exxrersioo
is sssr^^gly regulated during laSe 8^^ of ENS devefonmeos with seleeiSvm
iocrececs in thm expression of the C^,
anOTTR i sofornm. TRe remntateP
expression of tS-esm functinnally distinst ist^]Dr^^s suggests S^hiat response to
OT-3 is dPiermined Sy the dpmelopmmnigl and physioingic riale ot thm tsttgeS
omuron.

7810.7
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EOOAOCEDEXPRESSIONOOi YP mANADRD YrPBRROTEIN
FOLLOWOGFOREBRAIN ITOHSMlFOFRATARAIN
K.Iihara,

ZRYRAFSSH REK RECEPRRE EMBRYONIC EXPRESSION AND
LIGANJD SPRCIFICrB;t. S . C. MeriSit*1, JMH^nhi^fo1, E. Getz3,1 . O

R Ttuk-arras,. N. HaP0lOOto,T. Okrbr,T.Tasigesril
Dept. of
CcrcSrovtsnuatrSuig. Oal^la^^alir^ai^lVal^ihl^trlc•Ce^lcrlAtaka56S; Dept. of
OchtDbiology,KoolohhmaiaceuacalLJniv., Kd ol0 6O6; Japan
Ge have ss^c^’y^ thrS Sraie-PeriveP growSh Orrsor (YDNF) tmslioraCls PslayeP
eeurnaal (Path in tS- hiplPonmpus after foiceSr'n iscnelpia ol tar train. Oere, we
exr^i^^ She expression oo trk Y mRNA reP Trk B protein followien fursSraia

isa-emir uo rat brain. Ttecsientlotcrt•ain iicSvmia wss induispl ue male Ginar ras

araorpian to the mvlh(ul rempncX bS gmitil etal. Northern Slot realysit rsvsalsP
S-at isa-smia markedly increrseP the cerressioe ol rit Y mENA ie She
SippFaapp>us with r jpm^ ar 4h post i schhmia'

Ot silt hySridizaiion reverleP thn

iearracsP mRNA expressiae ie the hippurtPipus wis urcerveP m^irly ie pyramiPal
eeuroes io She CA1 ceatloteP ie granular neuroes ie She PseS'Se gyrus with a perk

as 4h;

Wesrrtnblot eaiyyc ts iPdicaLPd Sis t the erptessian of np*15rAY ie She

SipptnaPlpcs incm'sePd from 30 mio so 6h with a perk as 41- poss isaiemir;

ImmuaoilislocCvmiryty dirclotpd 'an sehaiiciPt immunosiaining for rA Y proSeie ie

pyramirilt eeurons ie she CA1 ccrtor reP ie graaulrr eeuroes ie she Pselass gyrus
wish a jpmk ar4h.

RSersafieri Shis ierrracrP

rapidly PealieeP, bus

was still modernSe! ent-aiiam ar 24h pout i sch-mia' Thcee findingt rev^eP to'S
ooreSraie isa-emia m^k^KUy ienrsases She erpresssion ot trk Y as Sos- mENA reP
Rrk Y protein level eeelpscially in the hip;ptctmpuSi sungesling a cruc'al aeP lonal

rate ofYDnF/ttk Btyrmtniniot rortbtainischtmiars fratbrain.

Sroctell2 and G. 14^X1001(^-1 1 JSmction oO BYio^f^lter^^rrt Medicine, 2Dept. oO

Anatomy and Nehrobiology, Yoslon Umversl ty Schnol uO MenPi^ines
Yuston, MA 00118. 3Dept. o f Neusmtt)gr^, Unioersfty of W^bur^
Gurzhurg 9708e,Ge^yany.
Ge hav^m isolated five T^rk recepSoss from She zebratihh
n et ah,
1995 Dev. BioL. inpress). Th- tigand sp^ii^j^^iSi^s of these reeaptors has
Seen inemstigatpd Sy anpiysls of ph-rphoSyrosine induction in response tu
She nauraSrophins. Each ot the humvn neurotrophins: nerve growth
Oartor (NGF), bram deriwd neurolrophin fartor (BIYNO! neui•htTonhin-9
(OT-3t auP OT-4 were tesSed io this assay wish four of the zbS^ralish Trk
receptors. One Trk rmamplor rmsprtPned only to human OT-3t anoSher only
Sa BDNF. Expnriments are underway lo examine Sre srsislficity ot the
atherTrkrnreplorswitPhuman andXydwphurosrtneurotxophins.
Rhe onset of expression of twa of th- zebraOsh Tr O. reeaptors was
exppirnpd by whole maunt insitu hybSdis^tian. Rhe NT-3 responsive Trk
receptor was deteePed by in situ hybridi'arion at 21 hours aOer
fmrtliizaFon in ^S^e hindbrai n. tn time pmbtcostherewere a ic^'^al ot six
posStime celte arrannPd ss two rows af three cells, while in oth-r emlPryos
a total of lOpositive teiis were found. Th- expression of another
ber^r«l1^lfh Trk reumplor, whoee li^r^r^d has noS bmn idPr^isl^^e^, was dPise^is^<P
16 h-urs after fertiilz-aSian. A toSal of approximately 100 positive cells
were dmSected iu the crama' gantgla, tai' andfoo^b^i^air^. EDnble lapsrlnn
Ssuhniques, wh th markersfor knwwn cell tynes, are Seing used ta
investigmte -he iPenttty of the potitive cenSs The diPtinri expremsfoo
paftem and ligand spmnificStics for these zbeSafish Trk recentors suggests
smpapaicroler snthezobfaflrhheeyouv sys0em.(R21tNe22422 to G.H.)
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CO-LOCAFIARTINN OF EPO-EELATED EECRPTOR TYEOSIOR KINASES
AOD TOEIE LIGANDS IN THE DEHEHOPING NERVOUS SYSTEM. J.A.
Oulash*fH. Hit Manat (21 EiA^Lu^^ZLRiJ, Doso (2t. D. Chant (21 O. Shru
(3); E; Dixis (3) and E.B. Pasaurte (1). 1) La Jolla Cmcer Res. Fotutdasita, La Oollr,
CA 92037. 2) AMGEN Ioai, Thuusmd OakSt CA 9132O, 3) DepS. of PItholonyi
UaiViOf MihhigaeMed.ScA,AAtArtMriM148109.
Msmbent oo the ENh-subOamily uo rrseptor-protein Syrosine kin^^t ars highly
sxpressPt in Psveloping nemess iistue. T-tit nuggeris that sSey ars important io
regulating She shrvivai roP differentiation of neural cs IIs . The identifiaatiun of He^Ps
oor Eph-related rsneploss is Oanilitaiing She investigation ot their UunaSiuni The
rsievinict of reneploallinepd paiss in vivo aro Se assssssp by determining where a
reaeptor rnP is lli^^tP are cuiiotarlsed. Hyt»lheses regta*Piog ^S-6 rrnerPor-ligpnP pair
lhnction am theo be made. We h-re foohO, usino tmmPhnOislsFa-emisloyi s-as Eck
rnP its llg^eP, B61, me ciDexprecced io t^e developing raS spiral corP regiuo. This
prompted us Su examine she eOscte uf Y61 on
spinal curP neurons. Io these
rssayst Y61, Sy acting through the receptor Eck, enhittces neuronal
anP
neurite FhSnroyl-h (Lnidbmg et aU CSO Symposuum, 1995) . In rPdiiion su sSs spinal
aurP regiont Y61 rnP Eak have overlapping patterns uf PisSTiSuSion nt Shs Srain, as
well as some cranial nervest sSsrotore, E^6t and Rck may Se ansiee in a naumSe* of
ushsr nervous sysSsm sSrhcthres. Interesting!, white the sxpressian of Rak appears Su
Se resSri^i^^ Su nshronat praaesses, Y61 Sps r more diffuse pattern of expression.
Ysanusrn Y61 is r serretmP proSeim is is (pissiSle thrS its ssi^e of production differs from
She site where ii isultismte! tota^^^^e^. Wn arecuihrnt! lmmphntlarning cuhSureP
eeurnlceUt lottetemtmlelheceUo ltroogo ofBO ilnoesvocttissue.
Ge are a'so comparing tSs di^^SuS^^on uf the Eph-relrSsd klopce Csk5t w-teS is
expressed in She iooer plexifomt md greigiion celt l^^^st ot the retinast with shat of the
Csk5 ligroP by uring bSlh immpnohistFaSepristry and r Cek5-Ig chimera. Our
preliminaty re^Us ^(.3X6 -'at -ht Cek5 li^^d is cu-sxpresePd wS-h Cek5 ia the
smS^ry^i^nte dav 11 a-aken retina. rhus cuggesls that Cek5 and its lig^^d trs liksly Su
OunaSioa nt thtXevelovetenl of thi uisualsyvlem.

bFGF AND FGF RECEPTOR ACCUMUUTT E IN CELL NUCLEUS IN
ASSOCIATION WITH CEIL PROLIFEFATTINN - NOVEL MECHANISM ROR
C^^L CYCLE REG^l^^TION.IK.K.ta^g^<^wkak, EJQk^ie^<xaTai.A. jtov, K. Neary,
R. Ffetehe*, P. Ltoher*, R. FFokjewtaZ, E.K. SSadhowiak. Barrow Neurol. Inst.,
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Phoenix.AZBMIS.'hTSe Scs-Res Res. tasto LaA-.teCA 92037.

Sections- of human tbrain sStarneJ with bbGF antitbolies reevealed the (presence
of bFGF in the nuclei
neactive astrocytes of the epileptic foci and in neoplastic
astrocytes of glioma tumors. The imach^nisms controlling induction and function
of nuclear bFGF were studied in vitro. Conflucmt human castrocytes were
quiescem- and did mo expcess nuufoea bbGF. Fooowkng pcassige, MUbcoofluent
astrocytes rx-sutteeed ceiH cycle and nuclear accumulation of bFGF was
observed. Glomat cells expressed nuclear bFGF and proliferated (continuously
iudxseme»^t of cell densftyl In an dfcot to ddXtxrmru» tow intraacXlular bRaF
exerts its biiolo^ii^l dfeecs we discovered h<gh

(kddis pS. 'KRbFGF

binding sites in thh isoVlteS nnu^. W€sCtxru ar^^^^ cco^^^i^^ed that FFGFR1 is
located seedVmUauntly nt the nuclei and that (cyofSasm contains only trace their
amounts. Iurrwnlclerar lcxalltarfo>n ^f FGFR1 was dsmofCrwt<dtl by oot Uoc W
microscopy. In astrocytes. the
ri n^cee^ir FF3FR1 are <c>nxgulwred with
bFGF in accvCativn with changes in c SI
sand fprVlferationl Glioma ceHs
xpprxccxd nuclearr FGFRI1 cvncritutively.
Glmma eoll faess refracthe to
ctimuWtt^on with exogenous bFGF. prolifewt<xd taste- in response to irtitracSlularly
xpprxccsdt bFGF. Ircetacxed csi I. srolifsrati<x- coincided with niucear accumulation
of bFGF and was riaserv^ in ceHs e)ppescing nuclear FGFR1. but rn0 in cells
that express only ccycopasmic RaFRI. We propose that transient muOear
accu^ulWi0M- of bFGF and R3FR1 proteins may promote reverciblS mitotic
activatOn. of quif»csnt human eaSrrocyeCl DersguWt0x- of bFGF and R3FR1
spcresciOx- and constiruUvsly elevated nucba^r bFGF and FGFR1 may (conurbuts
to thhunoontrolled owthtOi glcjmace cells(NSFtNID, APDA).
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EXPRESSION AND DISTINCTIVE PHOSPHORYLATION OF THE
CEK9 EECEPTORTYROSINE E INASE INTHE DEVELOPING
CHICKEN EMBRYO. Chandrasen Soans. Jocelyn A. Holash. Yelena
Pavlova and Elena B. Ppsquale*. La Jolla Ccncer Research Foundation.
10901 N. Toorey Pines Road, Las Jolla, CA 92037
Crk.9 is arcreptor tyrosina kinasa of the Eph subfamily foc which only a
partial cDNA seqnaner was known (Satjadi and Pasquala, 1993). Wa have
obtained tha entica cDNA sequence and identified a variant form of Cek9
that lacks a signctpeptida. Wetuqtyquuntiy exaia^ine^d thh spatioutemporal
expression and tty-osina phosphorylation of Cek9 dining tiie ddvelopmeni of
tha chickan embryo. Eak9 expression can ba detactad in many tissnas and is
particnltrlIy prominent in neural tissuas like the ccreai-urn, cetetellum ai^d
retina. ImmndohisOocaemirtry reveaSs that Cek9 is coneadirnted in
containing danronaS pr^o^^^^^s, ^u«oh as tha inner plexiform layar and nerve
fibar layer of the reuna, aan the moleaulis■ laaer oo the eeteVyllum. UnUke
otter Eph-ralatad kinase, Cek9 ii suUstantiaHy pOoopho^ylaiaa on tyi-osina
in many embsyonic tissues aa vvsiouu davelopmadtal stages. Sinca wa hava
shown that autophoqpeurylation of Eak9 001X11,115 with increased in vitro
enzymatic activtty, out resume tuggqst that Cek9 paays a rolv in stgnai
transduction pathways that are active di^r^ing n^ui^^l davelopmant. Tyr 796,
which is located in the ccataiyic domain of Cek9, corresponds to a tyfosinr
residua that ii hi^ily chocqrved in bsoh cytoolasmic aa^d reaentor tyrosme
kinnqaq. Tha mutation of Tyr 796 to Phe leads to a daematic reduction in tha
suaophosphotyIatidn of a GST-Erk9 fusion protein expressed in bacteria.
Thus, Tyr 796 is imaprtanl foo autouOerphoryintiod netivity and/os is the
major site of C^k antooOorphoryiation. (This work was supported by NIH
grant HD2635)).

INSULIN IHKICSTS p38M^aFCC-ACT^D^^OT PINIAAP (MNAS INNASE IN

KtfrnerSdd.IiAA. tiidflsnreic**, Department
of Phantacolco/ySUC-iSC, cPidtheDenverWAC, Etenver, CO 80262
Tlte SMAP kinase cciscacte involvJcgErrlLnsiaa£)torsec/glii cg
systetbywhichcellstrcPisduceEDXrapellrU-arstrntiliintr
intraccsllular restmses. Recently, 2ot.herMAP>kntipticptcPclt,
irtvolvLag JNC/STA^K Sndp38/EK2 ShwibinsEntoovi^l. Lnttii it ktowt
PbouttheregulationoftheseiMA’k.ing.stibyneiurrtrrpPhcSfcCtrr.
Inthisstudy,swiiixpirLn«iShhaMAkkngseiarrie ntSnSflrPsOhnC
for<lbralnnem:onssPidtheirr«gjliPtor.aySnguli n, aiar^t^tn^t;
neurotrophin for tthise cells. MtirotaQ cell lysat.it chironatc/jrarhid
on Motto Q ad assapyii wilti at^^J^i^rtib^s^^cpi^c^t^t^int (MBP) shotwiiSapiPk
of protect kiase activiiy eluting aPSOaMSNiPl (PeiPS), S70stl
NaCi (Peak 2), ad 420 St© NaCl (Peak 3). Peak Icontaintii SJK2
(psttpydwicraaST-ccjunSustco arrrnnc) Sat SeiPS acogrPcgn
ERK1/ERK2 (identlfm with S2K1l/nEK2’C-terrtmalaalt:iCxtd-est)
SasuHc
(POng/ntL, i1adcl) ShpSt stcngcfccpg SifeiC St SNK Sr SEK11EEK2
activities but markeidLy >nthC3it€nl the 3rdsrakarkkcaseacCiviCySy
80-90%. Analysisff Peak 3 by MBP-itr>rl/gttKl /ii Pttayt riviaiid p
3/ kDa kinase. Likeotlier MA) k^it^^i^, thi pO/ MA) k^^^^i bottd to
phntyi-enrhprose.
thep38 MA) kinase was distinct frctn
EKK1/EKK2 and JK1 since it had a lorwrrat>lelularswright, eiuttiSp
hi/hir tait
had ci^/3tL:ii^cctL sitbstrate Sfrrcifecccy.
(CULTURE) FECAL NEURONS. ,LL.

pO/ did tot .1x ^1^0303:, phostPhorylate tth SEG receptor Srptiidtor
GST-c-jtt, but was highly active in arlosphorr;/lafcicg/ tth 1x 303.1:111 iio
factor ATF-2. Tese characteristicsareSry>icclorahepr3/^K2
kinatis. trisummary, insult tednosi/tifficat effict; on JKK or
ERK1/ERK2 MAP kinajtis t fetal neurorts,butsttrk€lCLy scg^i:>it€liprO
MAP ktati it thete ceiit. Sincep38has}:nngllItkircitocell
aptproeie, thi irtiibition of this kinaselb/ SnsulinStv repreientS
tlnchagCtm by which ngeticn increases neuronal survival.
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MEMBRAOC’-DEL^STCED
MODIXATINN
OF
IOMDA
RECEPTOR
CHANNELS BY VMTuABOTROPIE GLUTAMATE RECEPTORS VIA
PERIUSIS IOXIN-OSENSIT^CE G PROTEINS ON MOUSE CORTICAL
NEURONS. S.P. Yu*, D ,M. Tuuetsky amd D.W. CEhi. Denortment of Neurolog'
md Eadaar for the Stt^c^^ of Nervem Ss^em Ini^uct Wastungtun Univ. School of
Mrd.,St. Lorns, MO63H0.
Tha excitatory nelurotrndsmittes giutmntte nhtlvales both ionotropic and
metnbotrrptic receptors (rnGluRs). mi Gu R activation modulates many msu-onal
mrhhtcitsms, lnchidine the behavior of ionotropic 1NMDA oo AAMPAkainata
receptors. u^alty by ldauhtng changes in the levels of the sseond messengers, IP3 or
ca Mp . U^^n^g whole crll and smgle ^0^1 recordings, we stiidied the rmdaUatiod

DET^E^F^K^INTITKTN OF SUBUNIT COPY NUMBER OF RECOMBINANT
NMDA RECEPTRRS. P.Stern2. P.Behe2. M.NassarD P.Wyllie2. D.
Colauhoun2 andR.Schoepfer*12 Laboratory forMolecularPParmacology1
and Dept .PaarmacologyUUniversity Cgll L|nLonPpn,WC1 E6BT, UK.
Coexpressinn ofl wild-type and mutan2 subunits Pas been used to
determine vtoichiomerry of nnuronal nicotinic aaetylcholine reeeptorv,
potassiumchnnnelaandorhermvltisubunit eroteins.
We have explored whether mutant NIBDN receptor subunit cDNNs
expresses in Xenopus ooccres rrsqlts in glgtamate-gated channels with
significantly altered single cChnnel connuuCanceSi Coexpressinn of
mutanl N598R NR1 subunrts togethes with wild-type NR2N subunits
(NR1rnu,/^IR2Awt)tusnlted in haonnv is hoowig g a main conductance of
2.6pS and a sublevel of 1.2pS (number oo ppaches m=4). These are ciearly
distinct from thh NN1vw/NR2Aort channel which show a main ceoductance
of 53.5pS with a suu Is -v I of42.2pS( n=3). Sinnte chpnnol cenductances
were determined by simultaneous least-squarssfitting ol the duration and
amptitude of individual openings with a cocooloee stvp-renponsn
function.
Coexprvsnion ft NR1muUNR1 wh/NR2Aw, uubunrts resulted in
channels showing conductances of 15.2pS and 11.4pS (o 3=5) in addition
to the oone loundtn N RIRINNNA*1 an0NR1^1atbNNNAvwcChnnels. These
two conductancss are linked by frequent direct tiansihiONS which
sug^c^^^te thal they originate from the same channel type. This result
indicates thal there are at least two copies of the NR1 subunit presenl in
oneNMNA teceorormelenule,
This approach to tee ddtermination oo NMDA receptor stoichiometry
is complicated by the need to mmasure very small conductancesi as well
asby thepresenco vtsutN:onhuctnnces.
SbpportedbyPneWellaomeTruNORosnt eociety.HFSPMind MRC.

of 1NMDA rre^^^t^^ channels bby
oo nuoue eortit^^ neuuofc. The mGluR
agoniss 1S-3R-AEPD (200 jgM), LaCCG-I ((00 stM), ( S(t3-hydrofXptenyIglycide
(3HPG, 100
mn SS)-4-caAboxt2-hyIkoxyphadyl-glycine (4E3Sp:,G, 100 gM)

naaedlniUat NMDA-induadd whore cell cuurent by 20-30%. Hsweverr byta-appliad
3HPG (mGluR 0/5 agonist) and 4E3HPG (mGluR 2/3 agonist) showed no rffthi on
NMDA single cteacdal adtvity in ceiliattanhtd reahridngs. In iso^ad outside-out
patches, 20-000 gM 3HPG but noo 4C3JHPG decreased the open probability (Popen)
of 1NMDA reecptor chennels. Tins mrdutattdn wss blocked by the mGluR
ndtagontaS, (R.S)■a--mathyl-4-srbfaroepdenytgldeSne(EiCPG,5()0 Md), ss welS as
GDPpS (200 gM), buU noo bbpertuuis tooan SPTX, 0.22^/1111 foo 22-221 hy 3HPG
taqelO is uinikaly a 1NMDA receptor antagonist qldca, in HEK 293 cells l^(^icing
endogenous mGheSs, it did not affect smgle channel ctrrredtq mediated by cloned
NMDAR 122 A evhapOoqt . Present reuuUs thus provide novel evidence
mGluR
0/5 may it^l<^t^^^ lio:;tSiy with MNM7A rever>lors via PTX--nsenstatva G proteins,
without the involvemrda of revnily diaOotibIe massendetc. This modulation may
have imlo^ttaniimpiicationfqtcnnapticpthsticiiyvt felx•oioxicity.
SuppoiaadSby ISS0037f framNDS)SW>WC).
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781.4

ARE IOONTROPIE GLUTTAMATE RECEETORS PEiCOTAM^]RIC
ASSEMBLES?A.V. FerreM-Montier ndd M. Monad s Dept s Biology.
Univ. CaiifodlsandnDgo^o.LaJoHe. CA92093.

DETC:eMMAATION OF GLYCNEE BODDeGG STEES NS THE M3-M4 LBNKER
OO THE NMDA Ie!CCETOR NR1 SUBUNIT. MW Woods H.M.As VanDfdged,
and A.M.Js VndDfngelU. Dept. of Pien■macuiugy, Duke Univ, Dni^ns, NE 27710.
Initial topology models Ooc ligand gated ion ctenddels included Oouc putative
tcactmemibnme doanidts (M1-M4. . Thie todoerptic giutsMIate reitoiOot•s are a subfamily
of these channels for which the foou trencmembrnde domain model has cecndtly Swc
cejecnds NMD)A rehvpOirs ace a glutamate ^rcvotor subtype tfaoirqled oS two
qnbuntq COR0 and NR2). By Ianiipulnitng O-giycosyattOon sties rn the NR1 qnyudtis
we enee locnltzea the extreme purttfnq of tha M3-M4 Unkec to the exaraheliulae
soniat. Iniiuductron of a noval glycosylatum sits tmmtdntteIp
M3 ]eq>uitad in a
Onncaoiait chaclnet displaying a fracttfdnl resp^^ to glutamate, containing only
CfnnminalCge Iffirounts oS the hfagfnlst glycdnts Attempta to map the M3-M4 linker
region tn other glurinaaie reth:ptoeq luve rreiulted in non-10tnctifnnl mntmts. Despite
the idnbliity to funciifdnily verify proper peftnid foldings it has been cfdcludtd tent
the entire M3-M4 linker exists in tlh eet.tcnhnlulne space. Incfdsistens with ihlq
cfihltuston howeves, is the prior determlnntnfd of a fotlcitonal PIKA phosphorylation
site in the M3-M4 linksc of GluRtis In feaer to test Ooc the pfqsiblntty of an
intiSittlituIar regoon w-ihiin ttie M3-M4 linkers we inierduted a cndfmesll PKA
0eospho^iaafnn conrnqtqs tequdhee 0RASBL) moi hie NR1 subunit This mutation
redued ttie sooIe^S affinEy for glycine by moce thm two feaers of magnitude
^^ttfutt aO^^^iii^g hie aoote■ent afidltty f<w glutamate. The IE50 Ooc t^e competitive
glydte sding(dlq5Ss 5,7-alhhtorokdUitrcnaSe(DKK) mnqnuredat hVe EC50 for giyclna
was not affected. Indielanni point mutations at two com]0fnedt ir^ldu^ included
within the lntro^u^t^ PKA 0x1^8^ ttutudhne (Kj and a) each hfdOer a reduction

Sonotfohic glut^msate rehvptoqs
are neurnefanctnittecnctivatad ion chnddels that mmdiate exaitatfcy ssyiapaih taanqmtssion in
(ENS. These mambrndv receptors are composed of murtipiv
subuitit s fcg^diZead around a cht^dt^inl pooe. TUim - subumt stoichiometcy
r^a^^t^iqs vlu^^iv^<^. In andIogy to the nicotinic acntylchorlne revhpOoc
(A^e^iR),), the pcftotype of Kgand-gated ion chndneS, iiGlu^ are
eo>nniderad to bv povlaaavrq. Recent data, however, ss^jgg^^t that
iG^liRss nna AChRs may hha^e diitOore^lda p^^o^ln topologtes. This rinsvq
the question : scv iGluRs pentameric nssvmbtlqs? To address
issue
w^e used a fOndtionnl aststy0 based on the difforenaial si^^st^i^vtty of two
Gl^t^S mutmt receptor subdntts to open ^^^61 ylfckrss such as P<EP
and MK-801 . Cotnjvction into
or>rht:es oo wwtslyt2qnsitivv
st^I)t^raqs with ^ujtgh)^t^^^dsia^e^e mutant sqnutn.ts pooducvd fOtldtiodni
recepoor channels with mixed ddr^jg sevcttinetieq. Augmenting thv
fi^t^<tt^rnn of thv sensitive subunit in tfie nnxauue indeeases the a00ldiay of
the complex for the chendiel bIockecs. Assuming tha^t both ciaqqvs of
muaant snyunits aggregate rnddoaity, the subunit stoichiometrs of
GluRS was detemtinad to bn penanmeric . Thus finding that iGluRs are
penaMness ss compatible wtt^h a cofcql■ved sqUutnt stcUctuometry for

themambqrs ofShgna2gtd-ga0ndionchnonoIaupe^famiIy.

1MacKidnfd, R. (1991). Nature3S0,322-355i(SulUiotadby 1HH, D/MOmd OM))
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of glyane aOOi^^t^y over an order o^ Iangiituae. Taken togethers t^e data suggesS tint
we enve lfhnllzed residues tha^t hfntribute to the glycine ^ii^dit^g stte . We have now
mappaS ioies extremes is w^elS as a cediinl region of thv M3-M4 linker in the NMDA
ilXloaOos Nd tr^^tnlnit th Six exrrauelruOn'tpaidouing fnncannalmutations.

1992

EXCITATORY MIIPOACIDCECEPTORS XIII

781.5

THURSDAY AM

781.6

KAINATE RECEPTOR SUB WITS EXPRESSE D IN STIGLE CULTTUR2D
HIPPOCAMPAL NEURONS: MOLECULAR AND FUNCTIONAL
VARIANTS BY RNA EDITING. J. Rossier*. D. Ouano, B, Lamtxilez. A, V.
Paternain and JuanLerma, C.C.R.S. 91198, Gif-sur-Yvette, France.C.S.LC.
2^(X^:^ja^atdriT,J)^in.
Five subanits , N!uR5, NrluR6, GIuR7, KA- 1 and KA-2, belongin g to the
innotnopi c glutamete reeentorssf the kainate type have bben clonnd. Gluatiaate
receptors tha, tfe antivated by kainne, showing a rapiOi>ideset^:^^ti^ii^^ ree^r^:^,.
bat not bb AMPA, have bebndeserttibd in cuttured hioponempal neurons, Tn
deteunine the kainate receptor submits which aake part oSnntivrkainate
receptors, we have applied amuItiplex p«tymerase chain reaction oScDNAr
revetee trnnscrikdd from mRNA hofverted fsom sinnle cuttured hioponempal
neurons aStez elect^ophysiologizat recordrng.Wsfoundthat all the cells showing
rapidly dkrensitiaing auentnts rn -espcm-se to kainate expresz toe GluRR stbunit
mONA and toat some! of thorn alsoexpoess the GluR5 Shbunn mRNA , Nn
NluR7, KA-i nr KA-2 Shbunn mRNAs were d^^^c^^. Analysi s oZ the e^iiiinn
rites oS tho GluR6 mUONA dsmonstrated that toe three editing sites preren t in
these rabunit s are edited tn a difSSrent extent , and suggested tont the Q/O stte
Srnuz the GluR6 subban comronr ^^^0™, properites nf nativk kainate
receptor,, uimtliu• torecombinapdk hxpreuueahomomericGiuR6 receptors.

781.7

TRANSIENT AND PERSISTENT PHOSPHORYLATIONS OF AMPA-TYPE
GLUTAMATE RECHTOOR SUBNNITS IN CEREBELLAR PURKINJE CELLS.
K. Nakazawa1*. S . Mikawa2. IT . Hashikawa2. & M . Ito1. Lab. for 1Synaptic
Function and 2Neural Systems. Frontier Res. Prgm, The Inst, of Hhys. and
Ehem.
),S&itama3T1-0I.Panan.
Ionotropic glutamate receptor (GluR) phosphorylation is postulated
to play a role inneceptordesensitizattonand long-term synaptic plasticity such
as long-term potenttatton (LTP) and long-term deppession (LTD). To
investigate the relationship of AMHL receptor phosphorylation with synaptic
plasticity, we generated two kincis oO antiboOiep against a phosphorylated
peptide containing Ser-662 (that is c monoclonal antibody named 9PA) or
Ser-696 (a polyclonal antibody named IZPaioo ratGluRR. Immudoblnt
analyses showed that both antibodies recognized subpopulations of cerebellar
LMPA receptor subunits, which were phosphprolatee. 13P3immunocytochemistry revealed that a brief exposure of a rat cerebellar slice to
LMPA leads to transient phosphoaylation of the APPA receptor ^L^^t^n^^s in
Purkinje cell dendrites, providing evidence of activity-dependent receptor
phnspnoryIntion in a ccH-type spppitic
Ln immunoelpctronmicroscopic analyste showed that postsynaptic LPPA receptors at
parallel fiber-Purkinje ccll syyncses were pposphorylated fc^llc^thing AMHL
application. RurrPermore, perssstont phoponornlntion vee r 30 min was
obtained when the exposure to APAL was
by a -5 min perfusion of
the slice witi-h 8-t>romo-cGPP. dibutyryl-cGM P o r 03^0^ -0 . the stimuli
causing tongtterm desensItizytion of Purkinje cell AMPA roeeptots. In
hndtrnst, marked 9PP-IR was observed in Bergmann giia. cells regardless of
stimuli causing LTD. ThepefindingsRppnortrhe view that phnsphoarlation of
GluR channete te of critica. importance in the regulatinn of synaptic efficacy.
Llthnug0 our present results are inconsistent with threertansmemb-ane model
of GluR, our intracellular receptor phosphorylation might be explained if GluR
membrane topology te diOerpnt in a cell-type ndd/n- subunit specific manner.
Llternatively, rtmaybechanged dynamically ahiordingto synapticactivity.

VISUALILTTIO N OF GUTTAMLTE-GATED CHLNNEL PERMEATION: HIGH
RESOBTTIOPL^^^^G NF OFSEUROBBFSUTLOPULATIONS.

R. E. Parc*. MoranEye Cnyto0|UniversityofUtah|SalrLakeCIty|UT84132
Virtuallyall rotinnlnnPLondppnsess glRtnmatP (Glu) recppto-s but the
pn-titioninno- AMPL/knidatp (LPHL//L)andNMLA suytypes iknnnwn-orbut
a few of ovp - 50 known cell rypps. Most Glu-gated hatind hhadnpls are
pp-mpnblp to gRadididium+ dp-ivatives,lnciuding4-aminogRndidobutadP
(LGB), andGlu-gatedAG BaccamnIatidncn nev sisualizedbnan-i-UBBGgGs.
ObjectivelMap GlT-natddAB Pparmeationi a a Ilrennaipuotds2 . Myr0ods:
Isnlatpd goldfish retinas wp -p hOnllengpd -5' in vitro withGluagndtets /
adtagndtets and25mMAG BsubstitutdO-or Na+|rPn ndnalypedwOh
multispectral ptotonols totddrivinnquoctitativeemimoocidainAGG
iramRdnreahtivitinp. Results: All 0n-izodtnl cell types, all inentifiaCleOFF
hpdtp- bipolarcells(BEs), half of all GLBAer■gicamaorinecelis -ACsrdad all
butane glahine-gic AE type apmodstratpd g-aaed, ENOX-PIckld. AB B
pp-mpatiod gatpa by KA (5--25 pMrbutnnaetPctcblp signa. a^p- NPDA(33000 pM) pxposurewito or withoutMg+2. In partihula-,rheuninue
hOoline-gic/GLBAergicACnhnorrn reppnapadto AMPA/KAndonisrsalpne.
ON cpnte- BEs and soiitaty population oo glyane^ ACs possess neither
LPPA/iLt dn- NPDA-galed response. . L la-gp subset oo GABAp-gih ACs
aisplnapd strong responses to bbto KK acnNMDA.NPDL respndsps wp-p
blocked by AP-7 and MK-801. Mos. ganglion ceHs appcrrto bea. both types of
receptors allhough a small set seems driven exdustyely bbr AMPL/KL sartpms.
Endctunidnn:AGBparmeodor is ^w^w^rful toni-orcortitioning thp Glu-gctpa
-espodspsofiomplexnpurndpnpulatiods. There are torpp fo-ms of Glu-gated
activation .i rePnnl a eurons: (. (f3ufu PMPA\KK ssatemai ^.Duu I NMDL and
LPPA/KA ys^^^rss ; (3. Those with neither. Support: NIH EY02576 nnd c
Nulls nnd DorisSteinRepcorcritoOrepnytBlianpssFPfofensorsPip.

781.8
TINNLE-C^CNNSPL ANIALYSiS OF A HUH ANNINNY Ca^ AND Mn++
BINDINN SITE IN THE POOE OF WU^ID TYPE /AND MIU^,^^
OECOMBINANT NP®A OECEPTrORr . A , Cakrbach* mid P. IPemkrTn^, Dept.
Biopoysics,SINYYathuffn)o,BsnTaIo^i34 14214„
OkriSaes at
‘QRN’rite witoin
pure oS glurrtaate rtkeprors iraSuenck Ca++
OetmkablIity and Mg^ block, Mom NMDAO
and £2 subimitr tbearmn 6^^ an
N (’wild ty-re) os - a Q attk^^posttion wareexpresrnk rn oonc^ aan zinalsrctenmkl
cateknLs were recorded Stom ortridk-ou, patehe.. In toe abreace o S C«i ++(-.5 mM
EGTA) can-ents Srom lrcrorrors wtoi a Q at the QON site in tb^^ submitt (QQ) had
botfi a main md a snalevel wiih 000^0^^^ of 95 aad 662 pp, zesprkCivety. NN
receptors omd a rmnle main level wito a conSrcrance o S 86 pT. Toere leeelr were
SOSkrentnLHy skatsiiive n, Ca'T Toe QQ tableed oondnctmcz was rrsilLlClsZ by 57 pT
(Kd= 5 pM) and the (QQ main level was h -Suci S by 80 pS ((^<d^:^<^(5 pM). Tek NN
main level conSactrnce was bip^ic wito reSnctronz in crrndncaacke ss , t7 pT
(Kd=L 1 pM) nsd 3, pS (Kd=506 pM.. r^tt, al, forms nf pnre three wat a rt^l^ilSrnl
cnndactmce no, blsc^l^i^d by Ca++ and carried by Na+ (2^,-5, and 37 pS, rertpictivkly)
rannesting tha, Na+ can rtill petTkare woen Ca"+ ir bornS. Toe QQ sub- md main
lrvklt wrrr ^so (SISSerearially reasitive to Mn"+) wito aor^t^l^itt Kits of 26 and 9X
pM. Oate conrtmts were obtaineS by analyrer of (QQ sut^l(e'vkl n<^^se spectra and I/V
oreekr. Ca"+ binSr to a stte toat is ~0.2 Zheourh too fieM (fsom too ekt^enellulae
riSe) at a rote (-80 iu TO oS ~4:xlOX8^^^s'1- uramds aa 44XX s ’, md jpe-meater at
L75XX s1. Similar rnalyrer indicate toat Mn"+ liu^<rz ro a site that is ~0(.28 tt-o^t^^^o
toe field aa ~0.rxl09M'1r8l , nabastz at 77XXO s^ , md rkOTreates m 6S(XZ r--. We
onaclrde nat toe QON site binds divalent cationt wito eine aS0Imi^y md at a higo
rate and definer a renion neat toe moato of the {ure that dtnet not require s^nle file
ion transport. Tklkctivity of Ca++ over Mg""" m^iny ariies ffom a highd po^aeatioatn-rabindingrario (supooetedbyNSF:IBN9102232BIR9403225).

781.9
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COEXOTESPION NF KAZ ALTERS THE PROPERTIES ON
HOMOMERIC GLUR6 ION CHANNELS. J.R. Hnwe* , DeonrtTent oS
POaITtcsotogy, Yde Unikerrlty Sonool o f Medtcike, New Haven, ON
X652XO-XO66.
Pnrch-ctmop rechiunues were ursd to compare the properties oS
Onmomeric amd herercstimoric kamate-type ton chamelz. HEK 28) cellr
were stably transfected wtto toe Sally edited (VCR Z eerston of toe
hlu1aTtar8-recepto^fGluR) rubunitGloR6 or wito GIu R6 ansd toe GluO
KA2. Steady-state car-rents were measured in ^ellr pret-eated wito
cnnctatavstanAtoremodedeseenriSartion.
At Sirnr shown by Herb et al. (Neuron 8: 775-785, -892), celt, corransfecteZ wtto cDNAs e^^n^g toe GlaO6 and KA2 stibmuts rertonrdkd
tn AMPA (0.2 to 1' mM), wWereen cdls tr^t^S^^ted wito GlaO6 alone did
nnt Cneporesston of KA2 altn dt^^reat^ toe apparent nSSiaity nS kamae;
toe me^ (±s.e.iri.) EC50 valiaer for kainate were 0.47 (±0.--) pM and
-.64 (±(.28) pM, respectively, in cellr exprerring NIi OR atone and cellr
co-trtaofectsd whth GIo R6 md KA2 fa == 7 and 4 ccUs). Hiil eosrOsctenr
(/ih ) vahms atso differed ; toe mean /ih value obtained Srom cellr
exprerstog GIo R6 aSnee wts L47 (±0.1) ) md toe mean «h value
nbtaineZ Srom the GluR6/KA2 relit waa 0.88 (±(^.(3). ALonist-8voked
cu^mtnoirewia<meryzedtountimatetoeumtai•ycookuaSitrrerYnorlrr of
eanhtyeeof nSc^-abinan) cSzonol.Specfrot deanitf mRysiseave a mcan
Stsoise4alueof Wl^ e±t5)es UoncelleexpresringGtuRS floae N6sRectra
from ia cells), wltereT (-6 n^ecnyn,^rT -due obtained from GthR6rKA2
hoUsae- 58N COR4) ferrk specSra froml0 reUs.. Th^res^^^utgeS^s Tet
homoNeric GruR6cAanhbta dHber from heterodimeric channels fonnen
tram Gt^c mU KA. ssbrositstxyhinto8ir affinity for agonists and in
their unitary conductance. (Supported by NS 30996).

EVANT BiPUE SLOWS DESENSr^ZATION AND HABITS GLUO6MEDIATED CUOO^N^T^S IN TOANSF^^C^'^^D ^1^89,3 CELLS. L. A.
OnvmoaS*.Depr.ofnleeh ,,U. ofBriesCColumbiatVsmvkuveC, B.C.
Toe Tolkcrlar clonIah of snvvrat dltOs^l•(;r^t glutaaTatk r^ptoe sabanitt oar
Sncilir^rkS rmSy o S their stt-uccure, Santoon, mnd mcnSi^^ation) and necessitated
toe development of subunit-rpecific nnrahonisn rn nrder to SkStak toe submit
osT0otitioa o S mOve n^ut^orn^ reecptors. Evant blae, a bipomyl derivative of
1,)8aaohtealale Sir^l^ftj^c aciS, wat reported to sklr:crieely blnck kainate
-KC)■■keokkS carren^r mediated by >OPA rtexe^tt^r subunits GluRl anS
NlaO2, bat not by GluO) oir the IK^-^-^ subunit GluO6 (Keller et al., ’88)).
In
study in Xennpus ooneter, dsrekattizetton of Gh^-meiated currentr
wat kltTIanted by trraaTkar wito the lle^ <eo«o^naenlia A (con A 10
In
cnarr-ast to tektk resulrt) we have forurd tth^t: Evarns blue d^<es block current
rhtouhOi NlaO6 receptort kpprrrnkd in human embryonic kidney 28) (HEK.289) cellr in tho a^s^^^ oS cos Aa In GluR6-traat0ected cellr, - pM Evant
bln ornduckd 8- n 2 % (n=5) itnei:^iIron of ttte GLU or- KA-gated current
Aanlyrin o S the ^erTntnng <cu ^^ r^^^l^
deserKitieniroa wat nlowrd)
witO an increatk in the decy <e>tarnar (t d ) Stnm 7.8 n -.5 to 2X.8 ± 4.8 Tnrc
(n^5). to sgreement wntn tOe rknuirs nS Keller e al. (199)), the itaObitioa of
GIu O^^-^t ^^^^ tuMrat by Senat SIui wat eliminated by prrtrentiag toe cellr
wito 5 pM con A (waiehcomulrlkryeli^tTarnddesensinizetionr. Oar resatt
tannert rhnr Evant SIui may interact with more tO^ one tenion of toe ion
channel (eg., llg^d btoning anadeskh£itiaatioodoJlsm]nirt. Furthermore, under
toe appropriate cnnS^i^io^ -rr•enrTealt wito con A), Evans blue may oeovk a
uteSul i^ssll So, iOSkerantiaringneu^on^.PMPAsnd KArrrrrntors.

Society

for

Neuroscience

, Volume

21, 1995

THURSDAYM

EXCIl^A^T^Ol^YrMM^N^OACIDREC^E^PTORSS XIII

781.11

781-12

EVIDENCE FOR MULTIPLE AMPA RECEPTOR COMPLEXES IN
PYRAMIDAL NEUONNS (FF THE CA1/CA2 REGIONS OF THE
HIPPOCAMPUS. I^.JWe/e^r^tI^old.A.S, Niedzielski*. J. Blahos and R.S.
Petralia.Laboratosv ofNeuiaehemisSni, ICDCD.MH.BeihMd,MD 20892.
The four AMPA rreeptor subunits, GluRl-4, can foam functional homomeric
vr heteromeric receptor evmpleeus winn expressed in vitro. Based an their
paostotoglaal properPes, it is though, that receptor complexes in neurons are
heteromeric, comprised tuS two or more different subunits. Whiles mast neurons
express muliipls AMPD receptor subunits, et has not been determined if the
complexes footed rn any tne neuron are of tne type, tr if tlh^ neuron is capable
of forming multiple complexes which eiffer in their subunit com]phsitians, ani
therefore, their fu^rii^Ie<^r^^l ptohPi1ees. Hippocampal CA1/CA2 pyramiial neurons
are an ideal model system for siudying the composition tf AMPA receptors in a
neuronal pvpulaticn. These euurons are relaiiveiy hvmogcabus in their
functional properties aneS their aUundntt expression ff GluR 1, 2 &3 , and a
relatively pure preparation of the cell Utdies ani their denerites can Ue obtained by
ei^^^^i^^n. Rceettors were solubilised wttii Triton X-100. Western blots
canfihmed aunndant GluRI, 2 & 3 and ltw amoucss of GluR4.
Immunopreciplertion IIP) with anti-GluR2/3 antiboeies . etimmated G1u R2/3
staining tn western blots, ane reducsd GluRI stanting to aUtul 2X% tf control.
Tt determine if this remaining GluRI stainmg is eue to functional receptors tr
nisrbpedl tr denaturee complexes. 3H-AMPPA brndmg was etne. PS wiih antiGluR23 antilbidius reduced bmdngg to abvul 12% of chnie-ols; this ctuie be
renucee tt about 3% ty Sunther lPwk^hm^-(jGi^l 8^11x 0168. This cvnfirms the
western blot eata ane suggests that about 10% of ite 3H-AMPA Uicnicg in this
preparation is attriUutable tt homOmetic GluRl receptors. P tf the solubliiz-i
preparation with anti-GluRl arniltodies nliminaied GluR 1 slaiining Uut reducne
GluR233 stainmg tnly 50%. These rnsulss suggesl two major jpjpulatrons of
AMPA receptoss are present in CA1/CA2 neurons, thoee mads up of
GluDl/GluR2 nnd h^ore made up of GluR2 /GluR3. A {population of homomerie
GluRlissstp ssecent.

D>^FCilCfNTIATINN GL ALIAL O-2A PROAREITORS HEDUCES THE
SENS^l^TiIVITYIFF ^^AEC^(^^O^^RST<L^^OCY BYFOROCDIDLXEOXIN
OlimplaMnecci*. mames Hl , Holowarth. Ainshandro FnldUr said Richarel J. Miller
Dept. ufPhlmmhcol.andPVysiei. esienass,TVs Uoiversiityof Chicago, Chicago
6X637 IA-).
We sSudisd the protprrtiss of kaioate-indused Ca2+ and Na+
in cortical O2A progenitor cells either before or after t^^ir differentiation into type II a;stthooess.
The sxpnrimenss were pntOarmrei using both O-2A primaiy cultures from rat (cortex
ane the gllal ccil lim CGG lwhich sharer m^^phb^^ii^ and aatigenic properties
with O-2A progemtoss and can differentiate rn type II auetohyens or
tligtelendhooetes). Fura-S basee eideaimaging and simultaneouss mamtorigg of Ca-+
ane Na+ entity uring micoofluorimsttty and wlhc^l^^^ll rexoreing unier voltagsclamp ^±110^ were perform-el. The addielac of kamats to undifferentiat-ei or
diffsreniiaPnd ccHs eliciPdl inward Na+ currents ane large [Ca2+]i increases which
were completely abolish-ei by removal of en■troncilular Ca2+, indicating the preurces
of Ca2+ {p^r^^ln. QooIothiazidei Uut not Con A, pptentiated the eStert oh ka^te
tr AMPA while GYKI
pt-eventnd ^kricate-svoked Ca+ and Na+ fluxes,
indicatting tire primaty inv^b>I^^i^h^^^t of AMPA receptors. We examinfe the effect of
Jaro sp^sr toxin (JSTx) a^^ Argiotaxm 636, which only blrck TAMPA receptors
that lack G1u R2(R). While these toxins wsrs alls to bl<o^^ kainate inducsd Na+
cun-mss rnnl Ca-+ fluxes in the O-2A ptoterliitors in a ddbssdnrp!ndece fashion, they
were lceUOshtive in di^rrsm^ia^i^cel
Cy testing ths s^rct of JSTx during
diOerentiatinn we observed a gradtail increases of the number of cells insensitive to
the toxin block winch cobre-atee {perfectly with the e-pressim of aatigenic markers
of differentiation. Thus. AMPA receptors in O-2A progemtoss and type II
aserthottes both flux Ca2+ efficiently but differ greatly in their w^nsitivitty to ss^^iesr
10x ^1 This may indicnes a change in the reiative contiobbtioc of G1u R2(R)
subunits hs iddiviUuslAMDArechpSorI. (O.M. bupdorteDbyARIN)

781.13
INSULIN POTENTIATION OF NMDA RECEPTOR CURRENTS IN
Xenopss 00CTESS : EFFECT S OF TYROSINE KINASES. S.J. Chen
and J.P. Leonard* Department of Biological Sciences,
University fS lliinois SC ChicagC, chicago. IL 60607.
Insulin receptors are present in mammalian brains as
well as in Xenopus oocytes. A s litle s as 8I nM insulin
for 10 mii sottnttiatd the INMDA-activated currents on
expression of heteromeric (("l/e4) r^(^^^tors in Xenopus
oocytes. A 10X higher concentraC0ts ff 0.8 ^M insulin
potentiated to 157% of control (157 ± 5% , n=36)
reaching a maximum at 30 mii.
To test whether insulin
potentiation was due to activation of tyrosine kinases,
oocytes pre-treateS for 30 min with 0.8 pM insulin were
incubated in 100 pM genistein, an inhibitor of many
tyrosine kinases.
hee
insuRs potentiatons was
reversed by genisteln. but not by 100 pM daidzein, the
inactive analog oo gentiAtnc.
We also injected
exogenous tyrosine kinase pp60c-src into Xenopus oocytes
express Ing fl/c4 receptors and found pp60c’Apo could
potentiate NMDA receptor curr^s s aso s (os 14S ± 6%,
n=12). ooeA tyqees of evidence indicated that tyrosine
kinases were involved in potentiation of heteromeric
NMDA receptor. GtcS(eitA asos coulS itlhib0S the NMDAactivated currents in oocytes (to 81 ± 3% of control,
n=4) in 33 min witiout initAin trtremont.
This
suggests that there is basal tyrosine kinase activity
in oocytes and that insulin sAimulateA this tyrosine
kinase activtts 0ApotenS0nSe NRA)AretopSorcurrents.

NEUDPENCPCRINEREGULTTPON:

OTHER III

782 1

782 2 2

SYNAPTOPirfSIN- IMMUNOROR^C^T^I^ME
INNERVATION
IN
THE
RAT
PITUITTVYY: MODULATION WITH AGING. L.C. Saland*. D. Ramirez
and A. Apodaca. Dept. of Anatomy, Univ. of New Mexico Sch.
Ued.,Albuqurrqee, NM87131
Synaptophysin (SI) is a glycoprotein found in vesicles of
mature synapses, and is considered a marker for the presence
of synaptic terminals. The pituitary gland of mammals is
innervated by nerve fibers of hyyoothalamic origin which enter
both the neural (EL) and intermediate (IL) lobes, with some
studies showing anterior ((TL) lobe iruiervation. Previous
studies have shown reduced tyrosine hydroxylase and GAP-43
immunoreactive (IR) innervation in the aging pituitary. We
examined the glands of younger and aged rats for SN-IR to
determine if relative numbers of syyiaptic terminals are
altered with aging. Adult male Sprague-Dawley rats, ages 8,
13 and 15-17 moonhs weer haloohann annethetized, perfused
intracardially with buffered paraformaldehyde, and paraffin
sections of pituitary tissue were immqoottained for SN, using
a monoclonal antibody (dilution 1:-0)
from BoehringerMannheim. Fine, punctate staining surrounded endocrine cells
in the IL, ww^ti deens sthln0ng in the NL. no
stained
terminals were observed in the AL. The oldest rats e:ds:rbitvd
a reduced staining pattern in the IL when compared to younger
groups, suggestive of loss of nature s^epses with advancing .
age. Supportd. ynNIHNS2-25e, GM08139.

EVIDECEE FOR AAONAL SAROUTING IN THH ADTECU1OU
PIT^PJP^^YY FOLLOW2NGDDRENE.CECTYMN INTHEAAT. 2L Ju*,
C.R. Lu. F.T. Meng, L.L Bennwiiz. Depprtment oh NfunoIhotpholtgo, Il^tituer
tf Neurosciences, The Fourth Military Metical Univnrstty. Xi'am , 71(W:^2 PR
China md LAr>uboiory fob Nfunobuirpce, CCiidren's Hospital, Harvard Metical
Soht>ollBoeton, M A0211P, ASA.
Our previous stum-s have demonstratne thn presnnop of subssantial amounts
of peptidergic nerve fibers in the- anterior pttuiiaoy of sew-aa mhahmhilrc
species. ^ncueiling hPe rat . Thy. wers i^c^l^i^d to make synaptic contacss with thr
glane cells, innicaticg a direct nculod ropnUatioc olf thui giaan. FFuthermore, ths
number of tho sairliooi^ gene-roiaaed pppride-like iim:hunoreactipe (LI) nervs
fibess in the anterior ptruitary was foune to indrase sirniUicanliy 4 days
fo<lowing adrcaaiocthmyin hhe
, impyingg an active response to changes of
the hormana 1 lev-ess of the aaimal. The present ssudy Hamed to in^ersti^iats
whether aeona 1 sproutigg c^t^^id accoutt fos this increase. Twelve young adult
male Sprague-Dawtey rats 11X0.2XXgl were us^ . Six were us^ as normal
control ane 6 wiih bilaaerai aanonai<e;tomo. AntiUbdo anaicsit GAP-43 was usee
as thn probe. In the non-md controls a number olf GAP-43-LI Uasoiclps cvuie Un
seen . Also present wwre indiv^nal vvricose fiburs. They wwr^ dieiributee
mainly among the glane cells, although some could Ue fauni along the blooi
vnssei). Four daos fallawing aelrenaiocthmytPere wss a great enhancnmenl of
GAP-43 immucoriaheiiviiy ni the mterivt pituitary. Pateiculariy strikmg was the
eramatic incrrrus in the irmhunorsactlvity aroucd thn glani mils. 1^^- numbers
of GAP-43-LI varicostties of niUferenl sizes. mamy fairiy ^it^l,, iv)uid lp srern ta
gather arabcn clus^t^r^^ of the glane reUs, seemingly in close (htceace with them.
The results imply an acaive axanal spspuring following
hoomone
mrnipulation aed strangiy suppott our hhottthnsis olf neuraaehumora1 dual
regulation o ftPhahmmalimtptihrioe piruitary.
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782.3
POPULATION ANAL-YI5IS Of^ SECRETORY RESPONSES FROM
INDIVIDUAL RAT SOOATOTEOPES DURING GHEP-6 POTENTIATED GH
SKRETION. A.A.Leong.R.G.Smith, and M.D, Leibowitz*. Univ. Virginia,

Charlottesville, VA22908, and Merck EesearchLabs,RahwaL,N0 07065.

Horsoae-stisulaten secretory responses are intrinsically mediated by
single cells. We have studied the population dynamic. of inchviduaI cel I responses under various conditions of graoWS Larmsnn(GH) s^ce^t^^n. Using
the quantitetivv revvese hamoiytic olaRuu onsay, GH release in vitro was
measured foos acutely iso^edi singlf raf ostenor pituitary cels over periods of 15-90 minutes. During this tise, under basal conditions there was a
cumulative Increase in the number oO plaaues Oomed by GH secreting cells,
without an I noreene is fhharesLfinnidiVual p lpques (SL^^c^^^tii^^ that basal
GH release is a stochastic process with only sose cells active at any tise).
Tither GHRP-6 or GER produced dose-dependent increases in the nusber
oO secreting cells, again without dntseraalecCannes In magnitude. Failure to
observe changes in the magnrtude oO i naividnelgesppnnes sttonnly osugests
that cell activatim Is fo IIoww S bb Isanrivvtion. At 15 sinutes, saxisal concentrations oO GHEP-6 and GRL wrre nof additive, while sisultanenes appiication of both hormones at concentrations that produced iittle or no eOfect
alone produced saxisus secretion. Areatsent with a cel<gpermeaot analog
of cAMP produced a nnss-nepeanent iacreass in the nusber of GH plaques.
The cosbination oo msnimsl connesttationn lo GGRP-6 and cAMP was not
additive, while ssUmaximal connenttrnionn oo GHRP-6 and cAMP failed to
pntentiatefSaLumbet ooGHreleasing cells, in contrast to thecosbiaationof
GHRP-6 and GRF . Sicee GR FactinatesnSayylyl cyclaee ^5observation is
striking. These data suggest that GHFIP potentiates the nusber of GRR-induced cell responses at a step prior to cAMP production. Ouo findings indicate that GH release is a stochastic prrevissstthe level of individual cell responses and that horsones control the overall number oO roeponding GH
cells by acting at an early step in the inttocellglatsignalingpathway.

OTHER III

782.4

GLUCOCORTICOID REGUHTiOION OR PITUITAAE GH-REL.TLTAING
HOEMIONE RECEPIER TXPRSSOION. Q. PiaRa;HRsmlel, P.J.
Stevens. nod P. ZeUier. Div oO EnOocrisoiggy, C^ii<^. Hosp. Res. Round.
Ciocioonti, OH 45]]9.
The

oO giuueoerticeidn (GC) on tie GH secretory axis is

cosptex. While GC so eu^u^^ for Unsal fenctisa of the axis, chronic
GC excess in vivo inhibite GH secretion. The mecanaiss of this
inhibitioo is uuOkOwhi Anson oOhas anCosai GC
results io

blunting oO thh GH secretesr respcsae to GH-rrSgssing hormone
(GHEH)i the pO^noy hyiipothalaisic reguuator oO GH synthesis aod
secretion. We te's^t tSh hapcthhsis fhht GC excess results io n down
equation oO tire pituuaar re<srptorOo^GGHR. mettkods : Adult male
Spfnges-Dawley r^t^t^s (n=6) were SfvnSvn dRily foo 8 days with viShvf She
synthetic glucoferfOlncid dnvxmstSanone (DETXA, 40gg/dny) oo vehicle.
Pituiiary GHRH receptor mRNA wns uunotiinted by riiuonuctease
proOeccion ansay ueing an Lnrisesau L'p-iaueted cENA probe specific foo
the 3'-^^ region oO rot GHRH oecepSoo (a gift of K. Mayo,
Northwestern Univ.). PUsitary GH mRNA wns ueantitnSsn following
northern habuidizatioSiLESULTs: Chronic tsoatmenr oO rote with DETXA
ii 668% decreese ii pCuUaryGHRH roecpteo mRNA (52±21 vs
17±8 AU/pit, p<0.011. In aanitioSi DDXXA treatment resu^tl in a 3(5%
nscrenuv io piisitaro GH mRNA (26±4 vs 16±1, p<0.05). conclusions
:
Caosaie GC vxevsu resuite in ddereased pitsitaeoGHRH rertepteo mRNA
content. Decreased receptor synOhesis sny account, nt ienst in pros , foo
the observed blunilno oO respcsau to GGRH. GHEH is no is^otnoS
physiologic regulator oO GH gene evpression in vivo. AlgSasgh GC
mrertiy indutev} piisitaro GH gene expression in viiro, She nowar<vrelatlon of tSh GHRH reesctoo may Rcesuar foo the observed
decrease io ciruitalyGH sRNAoostes).

782.5

782.6

CALCIMM SIGNALUNG IN NORMML LACAOTROPES. K■G^eqesoon»
M.YlHo.J.YlY.Kao.DepS. RediaLUcL,UMASoBaItimoie,MD 21201.

Cfoslcjun PROTOONCOOENTH

lotoaceHula r [Ca*]] is an important regulator of pcoiaetio release.
Howeeer, it is noo kkown Imw foos^L^^l^<ry and/or amplitude of [Ca22];

OlectuaSiaes encode signaltino iafsosatian io laarsvtopeu. PPpulation
rvuponses myy obseore an uodvflying esmgixxity Ol single cellUl
Using furR-2 . we monitored (Ca2+l| in ssngle laarotropes isolated fros
poovsooous
female rats. As presiousiy revooOsd, unnhallgngsn
iaetotropes fel I into two foeationaiiy distinct groups. those with
stable [Ca2+]j which was not acutely sensitive to evxsocellulaf
and those with s^c^r^t^oe^uo Olectuatioes or [Ca2]] j which were
dependett upon influx of external Ca22. There was sltriking variability
in the [Ca2*], patterns of the lartse greop, ranging fros ifregulnr,

ooisy fluctuations to rOathsic, repetitive oscillations with
caaracseristic rile and decay kinetics . Qelivscont ceHs co^d be
activated to pcodecv [Ca2"]]. fluctuations by the aaplicatisa and
withdrawal o 1 100nM dcRsmine.Agoi^toe chonacOer of the induced
[Ca2]]j activity showed tresendoss cell-torveII varlasion . Io contrast,
in any given cell, rhapacnernof [Cad], fluceuatiooo whs remarkably

caarassenstic nr re^^r^^e to repeated challenges. The iot^r^^l^y of
suitiple mechanisms (ioflux, buttering, sevuestoRtisn, evtsrtsiso)
determine [Ca2+fj patterns and say be utiiized ditterently among
functional! y diverse seUcoputstians o L lactssrspes . Msdulatian of
Ca2* handlin g cud d alte r the relative pcopsosisa of . Iaarotrocv
eubpou<Ratioos and tVesuby He ao imcsftanL svchansm in the
re^ulationoC sroraotinselvsov in og c^»^^(t pnyslolosleal states.

THURSDAYM

MEDBATEGLUCOCORAICOIE
HEIOULATIRN OF TINT GRNE EXPRACSION IN HYPOTHATAMIC
RHOAONS. L-G Low * and I.M.D. Jrcksnd Division of End<dc•indldvyt IAioo .
Is Ioso F^f^^pit^ , BrdwnUnlveriiH’gch(X)lofMenlcillil,I0■dsCdepce,RIt)2903.
Is fetal diencepiolic call coltoecs, wa inc s^wn tlhot TRT inNRT is cokdrtlizcO
with tlha cfos/cjun mPRTAs mod hoti the cxpres^on of ali h gend is enhanceo
fdlldwing exposure td glordkorticoidsL^do <ood J^k^n Prog S^tgi Torn. Ocet. Hoc .
fdt Neuroscit,1224), Io ordde to (kienninc whether
innlOat<di gti^<^<d^<^^^dio
stimutatinn of EAT gcac exprersion , we stodied thc effcct of aoltipinse
olivonuclooOdes dieccted vgam stiCe ^^it 18 barns of c^os ooo yun ib RNTs
follodioto thc sStrn^t ccdon sequdeae. To enhtrnce stat)^liiit phospPhroihioate
Oerivaiieod oligonkcleoildes were used. ACter preikdubation dor ten days,
hnpotgalaniis lh:ur(nrs m ^>00^x 60 culotre were cximed di 10 um mlltisease o Hvop
df efr^s and cCjn, bidi inSOvidualln ooo togethcr, fdt 24 hours, aftce which
Oexamelhmsdale Aix 101 ^M) wos oooco td thc coltore mcoiom fdt os a00ilodoal thtu
oo ^s . Ehc correspoadlng semi oligomess wece islod as controls. Ehe ccll TAT
pcptide conestt wos ^s^^rol by AIA. ^d ENT mWJA was Oelemileod bi in situ
hnbridi;mliron. TCe cell meai ineorrliy was ^^i^;cod by oo imovc analysis system
hoo expecs^ io ^tbitroen units(ao). Dex eniuaieod EETH ie;ptOhe contett 1.7 - S.h
fdlo comparei with control (262+/-16vs 153+/-8 fmol/well; p<0.01 ) aod EAT
mNRT lcvels 1.2 - 2.6 tedl t3h.2s/-2.t vs m.3h/-l.l aoo p<0.001. Thc additida
df aotisa^^ fos dt antisenre jun indiviooally dio oot offect thc copaciiy of Ecx td
increase EAT peptioc or miNRA leads. Howence, cfoslcjun atlli^l^^ ohi^^^ats,
whca aooco ioveigert cdmpleteiy p^^^^^Cod ani ECxx niceeple Oi he lcnels df eitger
EAT paptioe (1S4+^^-7 fmo/^wlll) or mART (14.89+AO.S2 ou) vs, Ecx t^eaieO
vr^^i)(io^0.nl).cfos/cjun antiseme oiigomers dod noi alter thc unstimolateol EAT
pcptide l^n^et . Ehese resuilo are siml^^ td doe fiodioigs with EAT io ^aiteridi
pi^ui^^ c^^^s (Lod & Jacisnin, FPtdvam C7th Toooal Oeeting df Tlte Endocrioe
Hdciety, ^^hin^^^n DCo , 7995). We <dlkcioee hat cfos mood ^jim are iondlnsd io
mcdtativg ^ll^(^^tirrd;oid oiioluldlion of NTH gaae expspsrion m fli^ tot
hnpohat£miioeotdnns.

782.7

782.8

COLOCAdiKAATIONOFAROWVrASE AMNANDRCNj ENRECEPTOR
IN NEURONS OFTHEBEDUCJCLEUSOFTHE STRIATCRADNALIS.
O.Sar* ^andE.M.WilsorA. Dtmartmcnteof COdlBiolojTand Anatomy1,
Pediatrics^arnd Bi<mhmistnrmidBiophysics,2Sch<olofMe<ticine,University

HTOTLCRO)US ORiEC^R^tL^T^T^f^N OO SOMATOSTTEIR JAdCEPEOE
HOdEYPE
d^5P^tEHHS^T^N IN RAT TACOATE RUJCLEUS W VIVO.
R.S. Eannesboumr*. JS. Edrne^. F, Rod arnO A, &etlUnt. .apts. df Pediatrics,
Reoroloint& Nuirrdurgnry,McGili Ulrlve^sOl,Monti■hal HhHtP3, Canada.
In vitro studies lu^riot v^^tri^iol
87^^ fave pp-<^^^!^<^iaO <rrnfliciinv eesolis
retardiilVt hdmoldtous retuSation df »lmatdriatin (HAIO) ^erepideSt aoO
iofd^raoti^(^n oo wgeige^ HPIO revdlates thc expiep;sion of im dwo ^erepidrs in
vivo is lackinv. In thc preseot stoOn wc elxamined, bn in siiu hybrihzatido, ihe
efne^r^■p df prdldoved expdsdee to the SRIO atotlog, HOH 201-225, in vivo, do
mNRT Is ^v ^s ^I^s df twd SWF
sUbtiipls, HHEN1 aaO HHENS. io rat bram
upmg h5Hllabeled aoatrenre riboprdbes (SioOln pedniOsd bn R.I. dclll. Labclmg

dfNortiiCaiolioa,ChapFl HiR NC27599.
Ehaidanatrrianhf tedtoatdsond lo tdtrogdnotcrsrsinrpecifio areth of the
brain ihiotgh tisoactlon aSzymanttarotnatriAroasoiani nctivityia greater
InnoriesiOanihfetnalesondtdstodaaonetreaatmanttnareaattithe nclivity in
cos^^^^es. Igahepresenosiudy welnvaatigdteCiwhclhrrce^tain
oi•daaltasenoida>nsinlhebsaidContolnandsogenrdceTtpr tCd-). CotaiolizationofidamolaseonT A'd<wasdetes^ubndOydaaiin^ludoperoxidase
methioiurivganiilxtptideabdt»dearooraSaR(N.HaraOioJstans)pnS AR32.
TOultnasleratsinktclo^parteoteiLtrl»tedwlhtesrdSlerrnepsopidnrte were
pehOnaoiditgi mabialni'sfiaativd. BrtinsworeflxdamilOirmthirk serial
frozco sectionshPpratpticsSoptrereoidnwpreprohossddUor dual
i^a^iadra^iu^];. Sediiodswfreflrtllaoided Tithsuatibantiboav using
diamin(basnlOranatetrnOelCrgchloride doUowedty imdstrnosaviding with
aronotOsleanbdonollstng4-<diloro-l-ig|gdthDi. Nord^co' locaintotiTP of AR
ondnloptns^ucl<moltaatlan oemotnalaaslnnon^dnsweredetootsdieseveral
arsrrsnfhhebraioinuiudingSDebodnucldusoOthe aaria terminalis.
Tpproximateinfony tofnippc^aentodeofndar•oosinthel»d oncleus
conmunod TAL wiu;s201S500% ofndoronsctloloin<di aaomaEge. TOurty to
thirnnfivepercantvgd ofdranorh;osndosoostn latptalpart obahabednucleus
cdnouned iAtLARaonlaivingneuronsln iho mpdialfart bathebednucleus
ond inidetate^alpeptainuoleusdid nhishow aromamaiidmuno^oactivity.
Ehe seuuirshemonrtaetetttdtu supopopuiotinn di a^ol^catdoeneusona in the
bdotnldousnaide etriatermiip;iiroootTp AR andlusdiersdoorranOrogen
action Oi^rmoor^so drosnnHUSuptetrtlitDy !GHGRHtNSlS479).
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deositilp io nooe region - the srccdtal vnen'OinelOotI ((VOR) ataO sup^acgiarmotic
(HCN) odrlei df the hiipdtglamlul, anO in cesebral (nrtex (CEP), ware
qoontifed bn <k)mpute^lanriried mc^ddenriiomeen (Bioid)mS.
hour-s ahat
thc in admioisiratioo df 50 ng SMS 201-1275 to adoO nmte rett tnz=6), hare was
a 46O incredpe (P< 0.101) ia the
delnsiti od SHHEN ImNRA-exprersing
rc^llr io the arante nuuield ckmaariet to noramt sptirn-pret^coted roottdlr
(o=6). HETR2 mARTA oigItel denotty wras aljd adtmh;ned Oo thc theca dtgsr
reiiiolp exdmiocd: VOR: +35%; CEX: +27% ; HCN : +0%. Oo rdntraitt oo
reolvhp io SSTE- ^eADTlCxprlPpmg reUr weee dbrcrvld after HOH S01i225
irhamlent io ron of the Owo rrlgoior Inea«d■cd, rdopirtcat with ha pubtnpe
relectivtty of t^s HAIO roolog (Ls . high rffioity for
1x 00 little or oo
rffioity hot HHEA1). Ehspe tcpolir Ocmoo^^ttto . dot he first time. that HAIO
pelc;xidldise m vwo upl-^eiultates he hxprerrioo of a rdbiph of its owo
re(eptdirs, H^JJEESZ , wiihi^n thc reotrol nemoon rnricm. Such ]^l^iOl^^i^<^n may plan
ao important tola io a vvriety of noaoe.t fhdotioro, ii^<^Il^<O^ng the mMo•oeoddcril]d
reiOltation nfrddagthha^oene eccretiDn hetheasssdieoucleus.
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CORTICOTROPIN RELEASING

HORMONE

RECEPTOR N CELL CULTURE WITH ANTISENSE ODN THOMAS
IKUO^E^E^S,., CHRISTIAN BEHL, JOSEPH CHRISTOPHER PROBST, UETICH
TLPOLR, ROBERT NITSCH*. FLOTIAO HOESBOER. Max Planck Institute of
Psychiatiy , Clinical Institute, Munich and Humbolt University, Institute of Anatomy1,
HumboltUniversity/CliniICharite,Berlin,Geamany
Distribution of corticotropin releasing hormone receptoss (CRHR) mRNA in the brain
and pituitary supports a role of CRH as a reeulator of neeuoendocrine and behavioral
adaption to stress. To further investigate the function of CRHR 1, which is mainly
expressed. in the posterior pituitary, we studied effects of different encapped
phosphorothioate aniisense xligode.oxyuoc1xorides (ODNs) for^esoendingio CRHR 1
mRPAi Antisense , sense and scrambled ODNs were tested on CRH reeceptor binding,
ACTH release and cell survival in rat ppjsserior pituitary and ATT20 cell cultures.
Studies on uppake and intracelluuar dissribution of ehcapjped phosphorothioate ODN
using FITC-abeted antiseme and sense labeled ODN revealed that within 2-4 hours
ODNs were accumulated in the cytoplasma. As revealed by rt-PCR antisense ODN
produced. a dose- increase in CRHR mRNA after 48-72 hours of treatment, whereas the
scrambled ODN had no effect on the mRNA levds compared to untreated controls.
CRH receptor binding revealed a done-dependent reduction of CRH receptor binding
after 48-72 hours of mttsense treatment, while no signtficaet effects were observed
with sense and st^rr^imbli^d ODN coxtrois. Further CRH-shmulated ACTH secretion and
cAMP were reduced after 48-72 hours of antisense ODN treatment^ hours after a
single antisense ODN treatment a deraldeeolndent counterregulative increase of ACTH
secretion, CRH binding and CRHR mRNA was observed, while no effects were
derectable with sense and scrambled ODNs. Cellular uptake and antisense effect could
be potentiated by using transfection system. Cell survival tests revealed only weak toxic
effects of ODN treatment in pp^i^i^a^ cell cukure. The results provide functional and
eeuaorhemical evidence t^f^al CRH receptor antisense ODNs produce differenl effects in
vitro depending on parameters such as concentration, time-window and mode of
applicasion.

CRIGCN OF COCOICO^OOCPSNOELAASLNG HORMONE INNERVATON OF
THE SHEEP ADRENAL DURING FETAL, , NEONATAL AND ADULT LIFE.
T.J , McDonard*P■W.Nathanlelszaed C.Li . Laoornory orr Pregnanyy and Newborn
Research, Co^aellUnivnrslIa, Miiaca, 148X 14853 1HD 21350)
CorSicorropin-reIensing0oumoneIR8H) immenopositive fibsrsare fsedd a, the
adrenal cortico-meSu^rr■y interface ff fdal shepp rtettigg ss eaafy as 100 days of
gestation GdG , and ^rt^^igg ^ihi ag, o adutthoed (SGI abstract #022, 1994),
Splanchmcotomy sedoess corsirol , but no, ACTH secretion in acutely hypotensive
fetal sheep (Endocrinology 127:2328) md exogenous CRH is as effective as ACTH
in eliciting adrenal cortisol in hyoophysecromised aadess (J. Physiol. 447:489), These
finding, sugges, that , in addition to endocrine control of adrenal function via pii^^ita^
ACTH , sympathatic CRH may exert direct neural control on the edreeetl 'Therefore
the present study examined sheep spmal cord fo CRH-positive neurons projecting via
splanchnie nerve to the adrenal. METHODS:hOrnrncic(T, -T3I3) ppinal corss f f 7
fetal sheep (age rraige 110 dG to termuterm^ 15 0 dG), 2 newborn ^^mbs md 2
pngn^, ewe, and spll^e^r^t^nie nevess rrom , fete, (130 dG, and 1 ewe were
smmunostnihed usine a polyc-onal rabbi, adti-CRH antibtdfy . One Sasas 1120 GG, was
injected with Fluoro-goi, (2(0 nt , 2.5% in saline, into the left adrenal medulla,
necropsed at 134 dG md immunostained for Fluoro-gold and CRH comcideece.
RE^^IELTS: inteueediolateral (rymnatSletic) CRH-iIwnenopositiveeeils were found
in all spinal cords: the fewest were found in the 110 dG feetus ooder animals exhibited
varying eumbeas . The pateolehnlc eerves
bohi fetu, and ewe contained many
immunoixtsitihe CRH Abeer.
Tooradc spina, sympathetic Fl-^<r^<r-go-e
immunopositiee nsureas (^^bl)le tebellrd whh CRH were sren only on the injected
sid^, CONEUUCION:R8Him^lunoaositivc cellbodies in thie sheep sympathetic
spinal cord th^at project to the adrenal meGs--a via the splanchnic nerves may
constsrlule an smporttetl pathway for modulation of adrenal function, especially in
astuations such as chronic ssress where ACTH conttentrations in peripheral plasma
return rebi&ntineboicortisolcs>naanieatihusremem elevated.
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RESPECTIVE TOILIS OF AOGIOOLNISPS^ II AND ANGIOTENSINS III IN THE
CENTRAL TLGlUsA^OPN OF VASOPRESSIN SECRO^CON. S . Zinil M.C.
U0uaess-ZtIUukS^JLXlauue;l_B.JL_£2aussk_Px.^Cfrvfl1_^el.^C±E2fases-coafsS^1■
U36 and 2U266,700X)5, Pariu,France.
In the bran, esViGhere sujuu<enrt dr ehistehde cT enlndeppheehl eentn--mgiotensin
system (RAS) iecludmg angiotensin receptors , preolr^rrre amd enzymes required for
the fo^mntixn and (Gg^adntiod of angiotensins. Among Te effector, peptide, of the
RAS, aeuiorenstn II (Adg n) md aeuioenstn IU (Ang III) are able to increase blood
pressure, water cmsumptien auid vanxprenstn rehashe. Theee effects e^m to be
mediatedby rype-laulxodnisiochorotors.
In attempt to delineate the respective roles of Ang II
Ang III on the
reuuUifen of vaeopasssstn ierrresrdn, we tave firss identified in vivo tthe metabolic
pathways of these two ppptides, then sabsaquently stodied vineopresnSn release using
selective inhibixrte of these enzymatic pathways. For this purpose. we have recently
eevefeped eelertsive inhibrtoas ff amtxohoptidhse A (AdAk, EC 3.4.11.7, and
nmitttpepsidsee N (APN . EC 3,4.11.2)), two enzymes which might be involved into
the metabolism of Ang II and Ang III, ras{xs:tively. We then infused in the mouse
by the inlrace^ebroventricutaaly (icv) route, pHlAmg II rn the pres^te or absence of
EC33 (3-amieo-4rthi(bbuayl $0^0316, the APA ineibttor) or EC27 (2-aminopeetanll,5-ditfiol, hhe APN tntiibiroe) an, meas^ed keel s f f [3H]Au g I, or
[^HlAn^g HI in the hypothalamus by HPEC. These experiment erdiaate thn in vivo
Ang II is cceaved by APA to gerneate Ang III which in 0$^ is m^^lizeG by APN.
Next, we studied the effects of EC33 and EC27 on the relimsh of vitsopahssin, Ang II
or Ang III (3 ng)
inftss^ i.c.v. in the fpr^en^e or ab-sence of inhibitors (30 jig)
and plaantaticvafoplaeielaklvalswereenUmdSed RyRIA.
Preliminary resutt show Tad the APA inhibitor completely bReL, hie Ang IIinduced release of vi£opreeein while tt^^ /AN innhsisor potentiates ^Aig IR-induced
release of vasopressin, Th-iee data sugges,
Ang III is one of the maun effectors
of the brain RAS involved in tt^^ ^<^s^^sl^^^^n of v^^ifpreeesn ahorenon and tha, Ang II
Ooesiblyexarts itseSfectaOsuugh ilfconveleienistoAng III.

TUIZ1ES^I^NG STIMU^S A ACTIVATES BROINSOEM NENRONT
PROSECPGNGOO THE ARCUATE NUCLEUS OO LACTTTING
RATS. H.-J . Wang* , G.E, Hoffman and M.S. Ssmsh. DDpartment of
OhUfobiology,Uerversity oaPrt-eburgelPtttsbu1xh,PA 15261

ION CELINNELS:

Arcuaee euclea s (ARC) neuronal euncSren ohanees in the poesench
of the suuMing stimulua. TThs study inwettgateG the nnesat pothwaya
tha, may retey thr somutosheaory input to fte AAC duuing lactation.
hartaiing aats weee aeesteetized in day 2 poftpnatum (PP, and
retrograde araher Fluofo-gGld FFAu) was i^el^r^J^jfa)l^is^d from a g-aae
elecrrode into dnitaeeral ARC. The mts recovered and continued to
nurse their S-pup Utters, To inti•oddoe an anote sus01lnu stimulus , the
-nctaSmg rass were ahpanaedd rrom ^6^ puss for 48 hr beginning on day
8 PP. On day 10 PP, podP weee reunited with the dam, Two to four hr
after the onset oo resusklieg, mothe, rats were sscrseiced and the
brainstems weee poochesed ffo immunefyroohemtarfy (ICC). The
Onrabnahh-al nccleus (PB) was hhav-re tabeted by FAU. The AllCl and
A2/C2 area, n-ao had many FAu-tabeeed cens and the majority of them
were tt^r^rrase^e hhdroxylase (TH)-positive. Fwwer FAu neurom were
found in ceetral gray, AX, A6 and the raphe nucleus; only a ff^ew taae^leG
ehuroa s in A5, A6expresssd TH.Doubleetabel ICC demunstrnted that
the suckling stimulus activated cFos ehprenason in mune FAA-traceG
cens in PB ani AAC1. FFwer cFos-oositiee FAu oelte were found in
orhee areas , Triple immunostaie-ngehewed that a few TH neurons in
Al/Cl projectingto the ARC were activated by the sucldlng stimuldn,
Ohese data indicated tha, the suuMing stimulm may affect ARC
ehuronal fi-metim psimarily va a the activasion of PB and AAC1 aneaa;
othee baainreum regoim myy aifo onatiniphle in 1^, oaocen s to a leeser
hxtent.dPlppoGed 8yHDlHndecIdNS28730.

CEUU FUNCTION Ill

T83.1

T83.2

FLUORECNENCE IMAdGG OF INTRACELLUARR SODIUM IN
RAT HIPPrcAMAEL ASTOOCYTES. C. R. Rssc * amd B. R, Rampm.
Dept Neurorory,YaleUniaerrtSSlSchMcd,N8wHacen ,2T06510.

IOVOU\N^NPO
K- AND CE CHAFES IN HCROGEIA FUOCOICO L, C.
ScTlichtea*. B. Ballyk. G. SInk^lnorpruIoa. P. S. Pseemeetath-. and D. - PPupps , Playfair
Oeuaoscidlce Und, The Ooaontx Hospital, Ooaoeto Wesere Dieiaioe, Toronto, Ontario,
MXH 2S8.
In the pp^r^^t sauc^, htighy ppriiend eoStuses ofpoohneeattng lmeroigia w^e ^sablished
from eeopaliia of newborn rats and dmsified into ttTre: l»plUattons. Within 3 weeks of
isol^iod “j ^i Os ^^ cullrsrrei” uhls ,hat had nerbeeh treeteh wth C!^]^^1 <coetnnidg media
hxprheted: (1) ae iewnaGly ae^tilyidg K- cldTeer (K,) tt^i^t warn iidnbit^G by iMicomolnr
oxdcedtoatSoen of Ba2- in the bathing mediuM; (2) ne outwardly rectifying K- d^eet (Kv)
with uney aiMilaritiee to the cloned K^-1.3 channel of l)rM>hocytee, incluGidg block by
dndXMxlno cxeoheti■atiora of charyeGxroxid (ChOX) neG Maogatxxid (MgOX)l aed (3) an
aniiollcureell tiTa lnstrMaaroCCohoTnnisln el.edMld(ymuhToytes,tnnludrnnIoemeability
tio CIo^lniG8O0 anddleakkyflefueennluccadiNPPP(4-n]eso-2-(3-pheelylp^opyl^nM^o)benzoic anidrandd\A-64(4, 72dlchrorTaXrxyclorclotyl-2> 3-dihyTrGrX-muthytrl-ooo-lHSdren-5-yl SorxyIsnoSicaaidr. TIrol 1 uns w^e p^mged and maintained ie culture for up
to 6 weehsinttr ppaenheoofCCTlloooetninguupe^ratanfcrteom an eaa-rxoyelohl line (EM
10-X). Type 2 «Sls moiss qprntaneouely in th<ese finks rapidly proliferating cslle that
could be maintained for maaiy weeks wiihouU addeel CSF-1. Both Type 1 and 2 iMcroglia
expresshe K and Cl' dur^^t, but not IK du'areil. Pr^o^^i^^^^:^o^n of Type 1 and 2 iMcroglia
was stimulated by CSF-1 oxeramieg edo>h^'Iatmts amd irhnbitsrl by Ba2- (K blocker) and
the CI'o-Chaed:lbioxOkra, eluSeeamln eain, ,^^(^(3 and ,766-94. Ie oxeroaer, the KV bRockers
ChOX aed MgTX Tad no effect. Th^^ite reuurte poonrhevnrheoeetnat Kj. and C1'
are necessary for iMcroglia proliferation, whereas Kv 1.3 cTandele do eot appear to be
nhoheeart id these c^dlts-ed mic^r^i^lla. MgTX md
affectsG the tlyaftine
phxtphorylation ,-^18 ofseveraaprorehisbeffreandefte^ 0SF- F Olimulslion. SIsoorlOed
by (grafts from theMediccaRasaenoh Cotmcd of Ctatada tto L.C.S. tail P.S.P., and a Savoy
Foundation eellowehiptxB.B.

We desermsded the intracellulaa ^xG^^ concentration ([Na+Ji) md muh0misms
of iis rehglatton in cuku^^^ rat.hihiOPixrmuPt ast^oxores using ^uuressenecl imaging
(34X138X nm) of thh NN insdralD^SB]Rl(soefGd-bindrnn beee.oresan isaoPt.h^nate).
Cnlseraione were perfomled rn live ohlls after enoT exph1■imenJ. Baseline [Na’]i was
1-4.6 ±4.9 mM (n=270) in CO22HCO3‘-bbSeesed ssalne (T=37°C), decreasing by 0.1X
± 0.09m.M/untntrt=22eaorlodgnhuxmoxeSofaos^dcalldar Na'CNa^lo).
[^a+]i traadiedt-y idorented by 4.9 ± 3..) mM ((i=23) wwm darnging from
CO2lHCO^:^'-fiee to OO2lHCO)'-befSe^ed mime, ixtanibly due to activation of
idwnae-y GsahchG Oa*-HC03'lCotr-aneaoral FusasemiG (1 mM) oo bemuSlneide (50
pM) decreaser [Na^i by 2 mM intGiOlting a steady inward tranapx^t of Na* via the
On+-K+-2O^-coaadapxoete^ nreer conrool oxndilfoas. ItTsibttidn of Na+.K’-ATPase by
ouab^ (1 mM) or removvd oo 6111,^1x 11^1^1, ]prtaeesum ([K+]o) caused an in<ceneh in
[Na+]i by 2,X±0.9uM1Umin(/-=24eend 4.1 ±U.ImM/mi4()t=e4),^espr*tively.
[^a+]i <dhlreneeG with i^cae^^s in [K+]o within the range ssen in the CNS
Guaidg dhurxnal notivrry. Foltowmg alvnaXonofKC]o room 3 mM to 8 oa 13 mM,
[Na*]! (GhlinhG by 5.8 ± 2.2 ani 1± 2.9 mM.reapttetivela lnd22-I Psrfuston with
mlme oxdteimng 2 m M [K*]s idorha^hdl [^^*]i by 3.0 ± 2.. mM (ne:^2)I 0120^X1[On*]f by 90mMl eexdrrn^arr,reauGed lhchaagesPI [No*]iaf lent ten 3 mM.
Tehm reed-ts show that busline [Na*]i oo colttded antnolytea iis ssrr)r^J^iy
dhOhdGens oe Na\K‘-AOPneh activity, anG infueechG by Na*-HCO3’-coOraatsport jntd
Oa*-K+-9O^cxrrraapxort.The i-eh heesievityff [Na^i to cTmges in [K+]o st^l^^^ste a
paxMsehns ooSefCNaKKl-OTPhse elenrra(xUelae K+ homeostasis.
Thse work wwn se^s^lo^iat^^ by a feeowehtp from the CDh^^^e FufaahungsghMhinsctmftto C.R.R.GidbyNIHe^antsJoB.R. R.
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COMPARTMENTATION OF NiTRACELLULARNA+ AND CL NJ AN
ISOLATED NCRAC CELL. C. Fhhruu:us, J. Schouenborg* amd W.
Grampp . Dupt. of Physiology aed Biophysics;, University of Eoed,
Sblvugataeil9 ,S-223 62 Lund, Sweden.
Ahu compartmuntotion of ietracul^^^^r Oa+ add C 1" m ihu slowly
adapting lobster strutch rucuptor euurone was stodtud osieg
uluctrophysioiogical and mathematical techniques . Muasuremcntr wuru madu
of potuetial shifts that could bu inducud by curruet pulsus (10-100 s. I - 16
eA) whue the neurone war ss^j^^i^fusu^ with GABA. Smcu thu input re^i^it^t^cu
uedur thusu copditiops is practically nil thu potential shifts could be translated
to CI spiffs clooe Ico rhe membnane lnnerfac£r Also, meuasurumuets wuru madu
of the pump current fonowing intracullular Oa+ accumulation duu to
rrpusitivu impulse fsrtpg (0.5 -16 s, 40 Hz). Ahusu findtngt gavu rviduncr for
a Oa+ shift, similar ip sizu to the CT shiftf closu to tt^e membrapu innurfacr.
Ahu data tuggest that C1 md Na+, under dynamic conditions, arc eot uvuely
distributed withm thu cull. Raserr, thure will bu concueCnutlbe gradiunts of 15
mM or more from thu submontane region of the cell to ihu iencr bulk of Ser
cull. Further. thu timu coursu for thu decay of the concentratioe gradiuet is
uaprottlbncteiy 5- 25 suconds . The slow iimu cborsc rndicatus that shuru must
bu a diffusioe hindaancr closu to tJhe membrnpu meur-face. It is eosrd that a
difEusiop hmdrance ie sec sonmumbnrdnt region of thu cull is fmetioeully
advaeitageour e Shut it keeps concenti-niCoe daegus to th submembrupu
rugioe. Ttaruby it also ophiries ioo-activated pr<bcessus (pumps, cl^^uls,
tr^jjorUsss)asrocictedwlthrheplbsrbbmnmerane.

7835
SINGLE CHANNEL PROPERTIES OONEUROOTNSININDUCED CURRENT
IN
CCJ1LTURED VENTTRAL
TEGMNNTALAREA NUURONS. P.-Y.Chlen'.R.H.Farkas1 .
S. Nakajima2 and Y. Nakajima1. Dept. of Anat. and Cell Biol.1
and Dept. of PharmacoL2. Univ. of Illinois at CCicago, College of
Med. . Chica,2o, IL60612.
Neurotenn2n (ITT) excites dopamcinerg2c neurons cultured from
the ventral tegmenaal area primarily by innuuing a non-netective
cation current. Thus NTcmUuced mward current was blocked by
the; non-peptide NT antagonist SR48692 (Fark<^, et ail.. Soc.
Neureuci. Abim 19:1263, 1993.. The; rNT-inducud current was
increaeud by ducreasing the eeteenal Cc ^ concedhraiion,
suggesting blcck by external Ca2+ (Chiem. et aL, Ssc . Neurosci.
Absrr. 20:1528. 1994). Therefoee, Ca2+-free external solution was
used for single chhnnel stuuies. Single channel activity induced
by NT cculd bb reco-rdd with theoulsidutout ppach, innwating
that the Cannel was aniivaied locally. The mean inward smgle
channe1 current was 2.1 ± 0.06 pA .^7); (holding potenttal = --40
mV. [Na*.. = 155 mM. [K*]o = 5 mM; [K+], = 155 mM). The
mean channel open n time was 0.28+0.02 ms. 'Uhe ccosed time
histogaam wa. fit bb tww exdonheniais, sun'esting that these
channels opendd in bb^t^
The NT amaac^^ SR48692
suppresedd thee channel
by ddcreasing the diannel open
probabiHty. Thu^ the activtty of the channe. was mediaeed by the
NT receptor. These results indicate that tths chhrniel 11^1^1^
the NT-inducdd ^>^5616(1176 current rerorded with the wholeceU rhnrignraiion. Puppc^oN byNSFBNam IBN 9319456.
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ABNORMAAITY Nl THC ACTIVATION OOCa-ACTIVAAED POTAAddUM
CH/NNCE^LS RCACALDD ICN STUDLESOF NEUROLIBROMIR-OEFICIENT
PC12CELLE. HeiUt Scdabaeana Diana Lipscol'ntae. Depps. ofNeuuoscicncu,
Lniee^si ty f f Virginra, ChnrloiUesveI le, VA 22908 & Brown Unineuatty,
P^ovtdeoce,RI 12912.
IndivtUuels wiih Neuuufibromntosts- 1 (NP1) InablfesU eIecUrophaeiolorecal
annobnaliutes m trnnsmtsrion off eurve impulse. aloeg t^th paripherat and auditory
eerves. As a ficst step townaa undeustanetng thu euioi<bey olf thh; abnpbmal eeeeirical
etena^ieg, w. have ueud weble cell arid sinnie chhainel reeordine to c0haacterize tlm
ionic cu^•entg exareeued in neurofibrbmin(Nfb)tfefeeientPC12 mils . Wu reuarrt
that Nfn-eUfficeent PC 12 ccUls hhae a a ignificoatiy aat^u^ed ionec ppofilu corbanaed to
them wilds^j^p^ cbunteaparr. Ahie most paominent differenue from wild-type cu^lls was
chu complete lack of antberUotootn-senettivg maxi~K-iaege ouurentin 7/7 whole cull
recoedings arbm NnS-deficientCC)2 ceds. Concomirnnily, tnere wss po KCu
channel activity ie stngle-^i^treneel reboedings from patetas of f Nfts-deOieientCC12
ceiss ie the ceel-ariaohed mode. Howvver, i Uc addibpn f f pM Cu 2+ to the cotorolio
suffacefUexceeed oaUe hesieeucedthe cbtivattehoneroncnnductance
chepnels,
suggestieg haat the cenpne1 is expressed bui inactive . Wu detected ae RNA sea:cies
of ~4.5 ki?
hhbridizee to a .low-poOe cDNA paobe on Northum blo^ of total
RNA from both inmant aae wiidttyiau coeli, coofi^biee
eepreseir)n . Thus. our

rusuhs suggest up uncoupling, cp Nfbseeficennt cells, of maxi-E chneneS s from tlm
sua^aliy of caElum normaUy requiued fo. activatieD. We are now ffeusieg our
studUes op veiiagesgated calcu^m channess, whCcli <rrdinariiy provine the mam route
of cakCum entry for activvtiop oo th^ma^itiS^ during gxetiation. Ouu prelUminary
studees mdicate tha. voltage-gated caicrbm chpnnels are also expresued in NNeeficennt PC 12 ceUls and thn paunaps there is a defecit inthemechenifms which
gove™ KCa/Ca channel co-ioaallzation.We rue also testing tlm heyaithesis that
ihuse changes , in Nfb■eefflciegtPC)2 cells, are a didem coo-equeece of mutations in
the NF1 locus bb combaaiee the iomc properties of neurons from NF1
eeterozerususendbbmebygbosmateni anduildcype mice.
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MEMBRANE STTFFNESSAND CIANNNEL FUNCTION: A GENEFALL MECHANISM FOR MODULATING MESBFRFNE PROTEIN FUNCTION ? J.A,
LundbaBk1,2, P. Bim2, A.J. Hauisen2, andO.S, Andersen*1. Cornell University
Medical Q3ll(g3eUAA1iNovFNordiskA/S,27M) MSlNe.Denmark2.
The function of voltage-dependent calcium channels is mcdlified by a
variety of amphipattc compounds, but many of tt^t^^ compounds modify
the function olf ocher ion channels as well. This raises the question whether
the alterations in
channel function reflet a more general mechanism involving altered intierc^^l^it^r^is between the llpid membrane and the
embeddedproteins.
In experiments on gramicidin channels tin pl^i^^r bih^a^y^m! and on N-type
calcium channels using patch-clamp in IMRS2 celtei we show hiat the
synthetic agents Ti^iitjn X-100 and /J-octyl-glucoside1 which decrease the
stiffness of li|^id membrane, reversibby pi^^imote calcium channel inactivaton. Cholesterol vW^itci increases membrane stiffness, inhibits channel
inactivation. "Tie volage actr^^tii^n olf the calaum channels is not affected
by any of the compounds. In the concentrations used none of the compoundschangedhee mDmnuacelaakculTents.
Alterations in membrane stffnees may constitute a general mechanism
for modulating tie functisn oo nrambraaie prooeins. Changes in membrane
stiffness can be predicted from foe modular shape of foe membrane
active compounds. This may ^rov^ide for insights into the pharmacological
efft^^tjj of membrane-active compounds1 as velli as for the general effects
of cell membrane lipid compositioson foe fonctionofmembuusre ncoreins.

783.8

ON THC USE OO GGNECIC ATGGOnAIMS FOR PAAAMETCR OIPAMIZTAION IN
COMPARTMENAAEr MODIGS OF HIPPOCAMPAL NELSONS. R . Ml. Cichlu^r Wus C* und
G. L, WWc^oo. Graduuie Program in NeururrSence and Minnesooa Supercomputer
IestttuUe. Universito M Mennasnta,Minneapolir,MN 55455.
Most nuoronat modeHng io daiu has used paaametur settrngs for ionic
oonductimces derived by trial-a^r^-^er^or a^imedures. h is uncluar whuthur thesu ss^t^i^iiegs
ruaresent SunoouSl uptque spaces or robust, reuaonablu approximation. of thu valuus
arusunt ie rual nuurons. Ahis siudy investigated hm ure off Generic Algorithms (GA) as a
robust. efficiunt md reUlablu meUhod fto deUeumining appropriate paramuter spacu^s in
compartmente! modes. of hlpaooumpal nuurons. Thu ppuamuters ej^amieud reprusunt thu
spatial distribution of vvilage-gaiud amdor colclflm-depundent cha^^u:ls usieg kii^^tic
uquations of Traub et ai (J Nuurooaetini. 1991). GA reeanrent seevrai advimiagus ovur
previous muihrdO of ppnameiur optimization.
convergenue withm a finite timu
(as opposud to tri^-and-un'or or random walk meUhods) and the avoodancu olf tbecomieg
iraaaUet iniocgiidibimu (op oeudcbbte one-step or bill-climblnd methods).
Implumenastiog uqsfiued hie deueipbmenrff a fitness measure, which is a score
atsignuet io a given seU oo paanmere^s bbaed on tin deureu oo co^-auea>ndencu betwuue ihu
uxtrucued propertees o. ihu numurtcaliy guneraUeg time surie. aed thu "correct". or
”et^^iy fit” euparimenial observation. . A fitness filter mathsmetlco^y eutsacis
aroauIrtUes o. thu simulated time suries aed compare. them to a largu numbur of
uxaurimenaal dbseeuatidnr. T^^ue obua^vaiiens iolUede, uut are not limited to: restieg
abiuntial , frequencytincensity piotr, busst frequency plots. calcium concuntration ie
response io somatic or deudeiiic sttme0alibe, actioe pp^i^enii^l (AP) threshold. AP
eutgh^l AP width, inppu resistance, avvuage afteuhhia!UIar^arizatbtn (AHP) voltage. and
alterationr cp thu previous mua^u^i^t^s m reeabnse io thu stmolnteei arueunce of a givee
aenrmacoiegical euent. ^us, ihe fiteuss fitter conteies an imbli<iiiiy embnddee
eainble>e f Uexaebment^n ebseibations.
Ahu data generaied by the GA woa ahlo annlyz<d ffo pprameUer senssttviiy, t.u.
ihu rangu of Y^ues for w Ucci a gwen paaambteu eUic^it^ fit bneavio^s wtrn deue^binedl Thu
results of this s^j^^^iivtiy nnniyeis are olf particular intereei to thosu who ssc^t^^ adaptivu
mbdifioatioesip ueurons.
(duaabriUdl by grams of Cray C90 sesae'computer itmu to GLW from ttn Miceesota
SuanroomputertnsUiute.)
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NA+ and CA2+ CHANNCLd THROLGHOLA BASAL DEODRCTCU OO IRSGULAR
SPIKING ^UIOCORAICTG PYRAMIDAL NELRONS1: IMPLICATIONS OO
BLRUTU^G WITO CGAA. P^^u! A. Rhodes* ^6. Yuste. and Davcd W. Tank.
Paam£enich, FL3440nanLAT&TB2HLanSrMd^^ay HiU,NJ07974.
Il has tarn soueeuecnt th^a bbsnts tninticn-Scorly bburting (II3) neuoointion p]dranide
are (^vun
a Ca2+-cunruni generated depolarization of thu denerices, and that
eendritic Na+ arrTenSs must alio bu preeept in theee neurons, so ti^t soibatio firing
may it^'^^adu the dentdntes amp aaOveae denpritic CCa+ channels (Rhodes and Gray
1994). Reiulanr spckting (RSI) adnnmfeo undu^r ordinary conditions umit only sineiu
eatkes, but when Gi2+ ceelators such us EGAA are in-<eitee, RS ppynabiee pt^r^ucu
repetitive nuneCe (Oriuema-t and Gutntck 1989). To etplaatn the b^u^iC^^g of RS
puur^^^ wiih EGAA white still aaoorrutting for ti^^ilr sst^^u ^iku output i^^er
ondftmd' conditions. it is htya)rilesizee ti^t IRS padrnbtd ppreses booh CCU2" med Na+
ournents tn ihuir nueui duperituo IYuete ut al 1994; IBnke Md Mg<ulieee 1993), but
ihu^t oneipuniiy thucr effect is ^mu0en bb Ca'a'^-guted . K4" cunnno>. Ao ueeeee thu
fuusibility of this h)dPrtheets, comaarCb:eenr midlet simuratipus ff
IU rud A RS
pyramids wuru eeeeloaud which 1) reproeucee in d^tutl thu responeee io ourrunc step
chunacteritsoc off RS puuro^ (u .-. Rueop and Durkmapi 1990) und which ulso 2)
pr^t^cud repetitiee bunete when CC2+ buffenine wins euPhnoee. Thu rrusulttne moduls
of IR> pp^^td saUsfinp theuereqtqsementc tnciuUen badt Nn U and
ciautnele
in thesn dederites, but at lower deep>sties ti^ in the dentd•itee 0^ IB padnabids, along
wsih fust, mcu^i^ fad stew tCaa2Tentee K+ curr^u^nte ISohwdedt rt ul 1988). Theeu
reeulte sugeu^t thus sinoe tath IB and RSneurondbuustunneuapaanbanate concetiope,
chuy tbrth int»inarrnte c^i^<^ttc Ga2+ ned Nu+ ohuedmSs no.
te thu apical ti^ek
(u.g. Amituf rt al 1992), bi^t alls in amicci ooiif^t^<u and bbasU cdntditee, which aru pot
aronud by tnudi ilmaUeubenCe. Fi^thur^, theeu results indicnte thu potential for
arbonseu;s Chui suppr•eee td^i^itc (au2+-gaued K.’ cuneents to ^ttift the firing modu of
pubcorti(uit ue{unaespidina prmtdricdUnbdsonntowmsnlndesting.
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MUTANT MICE FOR THEVOLTAGE-CATED POTASSIUM CHANNEL
Kv3.1 GdEESMALLEGANDDILGLAYADEFICITINMOTORSKILLS.
C.S. Eo* and R E. Joho. Apartment of Cell Biology and Neuroscience. Fhe
University ofTexasSouthwsstem MedicalCenter,Dall^,Texas 75235.
More than a dozen different voltage-gated potassium (K1) channel genes have
been cloned from mammalian tissues, however the contribution of individual K1
channel types to cellular excitability is not known. The K1 channel Kv3.1 is
predominantly
in grande cells of the cerebellum, and it is first
detectable around postnatal day a during ceeebellar deveiopmect. Kv3.1 also
forms the /-type K1 channel in T lymphocytes. Fo study the role of Kv3.1. we
generated a Kv3.1-deficient mouse using homologous recombination in
embryonic stem cells. Eeterozygoui miei KVv3.1'*'z ) did not ettotoit an obvious
mutant phenotype . Homozygous muaant mice (Kv3.1') me viable and fertile.
Kv3.1'/- males md females have significantly lower body weights than their
control litter-mates. Oreiimicary studies indicate no appaoect mutant phenotype in
external morphology and in the gross anatomy of the brain, including the
cerebellum. Kv3.I*1 and Kv3.1'' animaas demonairaiu smiia spontaneous
locomotor activities in the open field
In tthe Rc^tt^l^<tl test for ccurdinated
locomotion, howeeer(Kvl.l'' animals perform worse than their heterozygous
iida^mates in ajerfer^mnl with t^oits finding haat Kv3.1 he highly exproozeg in
ceuebalia grande cells. To htudy thereto of Kv3.1 channels in axloemmena
diseane, the Ku3. T aUelei s tutrodiheed ip owomousc attains wito maerliad
tdipammuhe (iseuse. These axperimeots mayproaldeinaoamaIion ebdht tod
aatooaaneaiI df toedisezhse. ISnpportadby NIH graoeNS-2840aand by toe Ktrn
Wat0eepNationelPaaaiys-ITuxndrtlox1oR.H..J.-
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CHGEGCCLERGeATIONOF MUL'nLLE OPIODD BINDING SSTAS
WITH [3H]BUPREOORPH-NEIN RGT BIEGN MEMBRANES G,
Borsodi* k F. OtvouI, G. Toth*, C . Simon., S.
and S.
Benyhel I) -nrtiiute of Biochemisty and Isotope Liaxoatoey, Biotogtoai Ri^jsearch

p-OACEFTOR
ANFAGONIFT
BINDNNG
OO
N^LL^^i^NL
BLNROYLlLDOGRTONE TO STGBLY EXORLSSED MOR-1DDSPLGLS
G-OROTENN DELEDLENCEi G ,P. orown * ntd G.W. Oaatpmak. The
Cotzizs Laboratory of Nepeo-Oncotogy, Memorial Stoan-Ketteeing Cmcee
Center and DepaOmento of Neurology & Nepeotcience and PO^ao^e^c^ol^gy,
Cprneli Umversity Medicai C^oll^g^^. New York. NL 10021
Naloxone and nctopone bx^dzoihy<daztne ((^z^aBzzslH)
p-oplate receptor
antagonists in vivo annagenlaiangplsi inndecd iIltlebition of adenylyl cyclase.
Ic calf sti-tatal aaid ncpeo0<aOoma ceil nmmbranes, NalBzoH binding differs
feom traditional G-peotpin rnonxtor aniagonisO in that its binding to p-receptors
is h^^^ly sensitive to ggenlnc nneieotides. Smce the xeeannce of othne
opioid receptors in thesi tissues makes it difficult to accurately assess the
mtnraction of EaiBzoH with tt^e p-ceceptoe, w^ hh^i/e epxanined ’H-NaaE/oH
binding in CHO cells stabby trmsfected with MOR-1. Ocp splncted cell line,
MOR-A, has the expected profile of p-receptor selective bii^di^g md ii^iibi^ion
of adenylyl cyclase. CHO cells trmsfeceed with. vector alone have co opioid
receptos bln^n^g or f^i^(^,^ion. Natoxnpe md NalBzo>H luiliy reverse the
mhlbition of adenylyl cyclase pepdeced by morphine and the f^ll agonist
DGMGO while havlce no aatti/iiti theeasi^i^f^^, ccinfirming their antagonist
chaoa^i-. 3H- NalBzoH binding in these cells reveals a Si^i^^i^ieiry to guanine
nucleotidas smii^^ to th^t obaer-end in calf si:riatal or napeoblastoma cnlt
membranee.. Pertussis toxm (PTX), X^itI not cholera toxin (CTX), affects 3HNalBzon binding as well. The high affini^ NalBzoH binding to p-receptors
is d^^|x^^denr upon m aaaopiatton wiih G-proteins, suggesting an unusual
mnchinlism of antagomsm and the xpaaibility that NaiBzoH is an inverse
agonist.

Center. Hunganan Acadeaiy of Sciencns. H-6701 Szeged, O.O.B. 921, and 2)

ALKALOIDACnamical Wksks, H-4040 Tieaoeasvori, P.O. B. EHyngary
Beprenolphine eTemgasic®) tas s radioixPeltod whii 01^x1 a t t^h^e positions 1S
and 16. The purified end-produce has 2.3S 'TBq/mmol (*63 Ci/mmoi) specific
activity. Tee tadincciipe abbel was st^tllc under acidic conditions, bui noi in the
presence of stiong bxaid.
Bindrng chaaoutesidtics ff [HH]bxerenorphme was
evaluated in particulate membrane fractions of raa brain. Specific lii^nd binding
was of hhgg affinity. saiuean<e ann natopxoae-ansitive i.e. opiood in nature. The
bid^ing interaction displayed. 01X10^5X11111.1 and high degree of siereosxeoificity as
measured by enantiopalenttve opiood commpundt.
In kinetic epexnmeata,
equilibrium bidding was achieved in 40 min incubation at rroim temperature, and
dissociation of the receptor-ligand complex occurred readily when initiatdl by thn
addition of ueteaxi1ed ooioid hgandd Homaiogoua comfxnition exptrimens reveal
ihai pE]buprenorpidtle bliss to an apparently singile sui of binding sites with a !(

value of 2.1 ± 0.41 nM. The maximal neIateeI of these sites was found to bn 1.39 ±
0.27 pmol/mg protein. The binding parametess were not siletifloantly changed in
ihe presence of 110 mM stdium ion eoiPt^r^nn the mixed agootsi--ntagonisi
properties of buprenorphine. in rai brain thn ligand showed a relative preference foe
mu and kappa binding sites although opioid delta sites were found alo to bn
labelled. Tie aadlollnadd ss capable of labelling kappa opioid rncnpitose in frog
brain membranes and it is a promidmg tipO ffo etuuding ii^^a^d - renoptot interactioc
in theoploidsyseam.

784.3

784:. 4

TNE^l^BTI^TNN OF L-TYPE Ca1 CHGNNELSS GND ADENYLYL CLCLGSE BL
CLONED-- NDD OOPTDEL R^f^ITTETOREIN iL^aCELLS.
E. T. Piros*. P. L. lOraher. P, Y. Llw . C, I, E-are & T, G.Halae Drp^^:0t^t^^^^ of
Anesihnsioiogy & Oayohiatry.. UCLA. Los Angelis., CG, 90024, md OrpmOmem of
Oeaemacoiogy UdiveruityoSMlnapsots, Minnpapolis,MN,55455.
The coupling between endogenous opioid receptors and various elector systems has
been studied extensively. The cloning of oi^loid receptor genes him faciiitated research
on the behavior of a s ^^^Iii soUtype of seecptof. Although there id an Incoeenutg amount
of data available on
binning c0eaacteriatics and coupling of these receptors to
adenylyicycaape,theIdUt0aorctioh wito Ca2tchmneas npu notbesntested.
To investigate thn coupling of p- md S-opioid receptors to Ca21 channels, wn have
stably nxxenaaed tthnsn receptor cDN/is in GH3 c^^^l^. GH? cclle epxreps endogenous
somatostalW (SEJF) receptors. eoltage-guedd Ca+s and K1 channels, but lack Wmlctioda1
opioid receptors. Cells transfeoied with the p-opioid receptor atone (GH3MOR) bound
both the non-selective opioid iigmd diprenoppdtne (dj = 0.33 aM. B^ = 0.39
pmoles/mg prolem. and the p-an1notive ligand DGMGO (K. = 1.0 nM). DiGMEO dosedepnndentiy inhibieed adenyiy. cyclist activity in GH3MOR celts (IC50 =21.9 nM).
Using the whole-cell xaUce-climlp technique oitto
as the charge carrier, we have
found that like SRIF, DAMGO (1 pM) aaso inhibits veitaneeactivatnd L-type Ca21
channels (IC90 =109.9nM, mm,,!, = 26.5%). This action of DAMEO was attenuated
by both natoxone md proiueatment with jpeOussis to^r^. TTie 5-^^i^^^ive ligand DPDOL
(1 -M) inhibited Ca21 ohaddel activity to a much lesser extent (3.9 ± 2.1%. n = 9). Tn
addition to the p-optoid receptor, GH3MOR cells were tt^ifeoUnd with the 5-opioid
receptor cDNG (GH3MORDO^Fl). Axpresston of the S^^^^old receptor was conalioand
by ligand binding siuidies. Like DAMGO, DPDOL aaso inhibited b<^^ adenylyl cyclase
and Ca21 channel activity. DODOL (1 -M) reduced Ba21 ceorenO Xy 18.9 ± 1.1%. n =
1^) in thh cop•mafected cells. We aae indesitgatlng ton mechanlsmCs) of action of pand ->-opioidrcexptorPonCa2+ancpneeeexosntSdd in GHsMORIXtR cells.

GGTNIST-IDLEPErAeEFT^OPrO]LCAECEPTORTNlTEMOION OF Ca2+
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CHGNNELSeNRLES'OACFADEDGH3CELLS. H. GiHcte-)mdE.T. Piros.
Depaoranenie ff ApesthetiplogydndPsyahiatucUCLA, LA, CA90025.
Agonist-ntdrpcnPant autinaPnn oi ^<^^11^^111 cycaaee has been pbaprvetd in cells
expressing cloned |32-adi^e^^«irgto eecepttoa). In addition, metmr a2C-adreneegte and m4
muactO-inic receptors sxPdtmeoueiy WhibiI adenyly. cyol^a>e activity whem nexresand in
dod-eecitabie mmlmeltm cel 1 idtes (Ren et al., JBC 26^^:116483, 1993; Mignpc and
Natomson. JBC 269:^3^6^^. 1994). Cpnatiteltive t^t:ttivtty has not been reported foe
cloned opioid eeoeptoIo and evident foe sppctadep>us opepimg to ion ohmdels is
tacki^^. We investigated agonist i^^pppn^e^nt opioid receptor opepimg to native Ca21
channels mGH3eellsndnsCentehwitoc1oned p- anddpltpeoidrelepto^s.
With Ba21 as toe c0hage cotrierI too wheieeceet pxtch--tlamlx tpohdique was eand to
record epitage-icrtivueed Ca1. chmneI activtty from GH3 c^iis stably t^ansancrnd with
both -- and b-opioid eeceptos (GH3MTFDO)R). Ba2+ oeoeewas were lnhibtndI by thn
-- and &-Sletcifie ietonirae DLM-<n 11 -M) and DODOL (1 pM). hihiXitions Xy thnsn
agonists ween eevei^iid Xy depptarizwg prepuisas (^2^0 to 160 mV, for 100 ms) and
ween blocked Xy in-raceiie1ao GDO-(ES (2 11:^. Wffl1tom aa;^ni^ ddix0tt0.zidg
peepulses caused an in^i^e^a^ W ton curoem evoked by a test pulse to 0 mV. Fhia
facilitation was cot seem when GDP-p-S was included in the eteeltrodp solutloc, but
was enhanced dramatically Xy intracellular GTO-y-S (900 pM), suggesting that c1eTedr
enhancement wts caused Xy a reveiral oO G--rotetn mmdiated Ca2+ chan-el u^ibi^on.
Faci1itationwaeootbbseive0witP orwithoseGTP-YaS1ntlnifnotsdestnd G^s cells.
Teo previous studies o^ opioid reeiprto^ coupling to Cca*l-htanleia iit G-EtMORDTR
ceils seeenst that actieatioc of p- and 5- senoptors c^a^^^^ irtotl^i^i^^d of Li-type.channnta
via peOmasis toxic apnsitivn G-x^oeedis (aee Oiros et al., this meeting). The data
dnao^XedI hion provides evidnwcp for agon1sit-indnpPddeniI inhibition of Ca21 chmants
Xy clownd -- zatcdor ^-opioid receptors expressed ia GH3
We aae u^^i^!ari^^^g
whither toe pdsstieutivaaielvity asapropePaofoneor^Pfthpftoeserecaetorsubtypes.
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SPECIFIC IN VIVO BINDING OF [u C]NALTRIBEN TO DELTA OPIOID
RECEPTORSM MOUSE BRAIN. C. D . Arnett* . M, Saiiad. E . Akgun , and P. S.
Portogheie;. PET Imaging Service, VA Medical Center, and University of
Minnesota.MinnMpolis,MN 55417.
Antinociceptinn measuees to vivo have demonstrated a distinction between two
subclasses of deba-opioid receptors, termed deltai and delta2. The delta2-opioid
receptor is selectively involved in the a^tinoc^c^(^{)tH3n effected by release off endogenous opioids during cold water swim-stress and in the cOveiopment of moo^him
dependence in mice. Te invettiaate the two subtypes of delta-opioid receptors in
vivo with the ultti^^^ goal of seleeticsly imaging the ttelta2-opioid receptor in the
living human brain, we Iateml tht nooppetid^ detta--sel(teiive aanagonist naatriben
(NTB) with caabai-ll foo" un mPETimagiggitudiet. Prelimin^-y bioditlribution
studies of ["CJNTB in mice demonstrated a brain uptake of 1.1 percem of the
injected dose per gram (%ID/g) at 30 min after injection with a enctipe to 0.84
%ID/g at (6) min. PrelUeatmpnt 12 ^^miol^g o . NTB s.c. 30 min before ["C-NTB
reduced the brain retention o. this radioiignnd by 65 percent at 60 min after toa sc: tion. P^erreaameet with 1.3 pmol/kg s.c. off toe delta,-seteatiive antaopnift tentylidennnattnexone (BNTX) 30 min before [nC]NTB also reduced brain retention of
[11C]NTB (by 45 jptrcent) at (6) min aater iipaction. A. the doses used in this study,
BNTX and NB sekctively inhibited antinociceptive aciivtty of Leu- and M^t-enkephalms aeminlttened i.c.v. or i.t., ^rnlpn:tivety, suggesting that the enkephalins
mediate their ^itinscicepdve effects through interaction at della--opioid receptors
in the brain and aa ddtla2-opioid receptors in the spinal cord (Takemori. A. E. and
Portoghen , P. S. Eeu . J. Pharmacol. 242: 145-150, 1993). The present results
demons-rate stnctfic bindtog of [11C]NTB to mouse brain (tetla-opioiO receptors.
Inhibition of mvvw binptop by prelneaUtleni wtOi a phaamaadogicany selective
dose of BBNTX ii an totesusting finding which wiil require furtoer work to etuciettn
the respectiveiotesoeda-^lfaan eJ£-^rosOpiorn^htspto^s.

C---ARACTERIZATIONNED APPLICATINN OF A POFTCLONAL ANNHERA
TO THE DELTA OPIOID RECEPTOR. T.J. CoopR. A. Payee. F. PorTec. and J. Lai*.
Eepafmnens ofPhaamaco,ogy,UntvsfIiryofArieoi(a,Tns(on,Arizona, 85724.

784.7

DISTRIBUTIONOKPP,PPAOPIOIDREC ETTORIFEMUNOREACTIVITY IN
BASALGANGLIA:ALIGHTANDELECTRON MIPROKCOPIC STUDY.toK
McGinty*, C.K, MeshuP-. W.T . Bohlen T. A. Pattersor^and C. Chavkin2.
Dept. of Anatomy and Cell BioOogy East Carolina University School of
Medicine, Greenville, NC 27858-4354, 1V.A , Medlicai.Center Portland, OR
97201 and
.o1Phamtacoroyy,U.of Wasninglon,Seeltt,e,WA18195.
Antisera raised against ohgopeptides wese used to map the presynaptic
and postsynpptic locations of the kappa oproid recepOr r wth
immunocytochemistry at Hghh and eteetrsn micrsocopic .eeeis. Polyclonal,
aOinity purihel antisera, raised in rabbhs against the unique amino acid
residues 371-380 (C-terminus-FE"2) and 300-312 (A-terminhs-FE4), were
characterized ass
a
1 terbyEDISA and ass demonstrating specific
recognition of the full length kappa receptor in rat brain membranes as
shown by Western blot analysis. Immunoperoxidase staimng to rat tissue
pefused with 4% buffered paraformaldehyde revealed kappa receptor
immunoreacrivity .IFR i ndeen^ pateCes oO Ith dorsom<edial shell oO hugcous
accumbens and in cell bodies and fibers of the caudare-puramen,
substantia togra, and VEA. Promiednt axonal immunostaining. more
effectively demonstrated by the KE4 than the KT2 antiserum, was also
present in the ventral pallldum, siJbtesiamic and enropedunchlar nuclei.
OlrractsJcturai
meated KT2 immunoreactivity in dandr^ spines
and in presynaptic terminals which made 35X11016^1(3, and symmetrical
contacts with annabeled dendrites in nnuieus accumbens . Ehe
immunostaining was blocked by preadcgrprigd with 30 pM kappa receptor
peptide. This study demonstrateslmppa
mceHs andfiyerc in the
basa, gangiia previously demonstrated to contain kappa receptor binding.
Supported byDA03982. AAO2123 eedDeptlVeterao Affairs.

The amino and Cia•bsxo terminal domam s of tthe donei optoid receptors show the
kreateet degree oSseqnencedivrrgecee. FluoseseentimmunoSislochemical analyse. of
NG10--1 5 ceHs wito antibodiss rateed agansst the CIteIm(nal off the delta oppold
reeepSor . DOR. showed a giandlar staining in the cytoplasm near the ptatmn
membram., toe ducid i were however devoid of staining . A 20-bnse sense sequence to
from the DOR (nucleotides 5-46) was labeled at the 5ien0 with Texas red and HPLCpurified. The uptake of thih oligonl(uieoStde (ODN) into NNl-TS ccUls maintaaneO
unde. serum-free conditions, was monitored over a 244aperio0iQuantitative anniysis
showed that only 30-40% off the cells were labeled after 24hr, and the slaInidk was
found in both the nucleus anO the ectoplasm. Aae uptake was both time anO
yoncdnIration nhpendent. Preinubatioo ahlhe m 11s w ith ekUernn antlnenfe orr a
misaIatoh ODN (50^^lVday)poior to the 24hr innubatisd with thh TsxxtlreO labdeO
ODN (50^l^3) did not significnntty alte. the percentage of labeled cells. When these
ceHs were labeled with th^ antitDOR antiserum a fienifidant indvsse cysrelntisn was
obsesned betw'een toe Sw .! o f to. tagged ODN to a cell anO the density of DOR
staintog after antisense pretreata^enf. PrttUreatment wato a mismaach ODNi h^ no e^s^t
on DOR slainidg. We have ateo stuciied thh anatomical dtelributiod of DOR-like
immusoreactio;itytDORTin in the brato. Mtee wuse treated To. seven days with
nnttenese or mtematca ODN (12.5pg i.c.v.xX/day). Foltsw(ng treatotnnf, mice were
hnedlsed with 4% phtuformalOehyde and brains were hanussteO. C5yostnt sectisds were
idyubatrd wtto the DOR antibody and vteualined by a peroxideac reaetcon. High
Oenstties o. DOR-L I were seen in thh olSentosy bulb, cortex anO cyudate putamen as
wel. as a nnmber oo otohe sites. ASminislt•ation of the amteense ODN pt•oddyed a
quaiitaSive dcusease to DOR-L . in many baato areas eshecia^y those around tthe
vnntricuiar eosteai . Mtematah adminisrtation proddrd no differenee in DOR-LI when
ysmpufedwithuntreated controls.

784.8

KAPAA OPIOID RRCEKEOR AAONIST BLOCKS POPCASIUPSTIMULAEDD IACRASSE IS EETRACETLUURR ATUTAMCEE TEVESS IN
RAT STRICOPM. S. M. aawlse, .. T. Wh^w, W. Al. Church1 and J. F.
PcGintv. Dap,. of Anatomy 3de Cell Biology and 1 Dept. of Chemistry, East
CarolinaUniverseySchoaioe Mediciee,Greenville,CC27854-5454.
Kappa opioid receptor agonists decrease basal and stimulated
extracellular dor:ptmine .eveil int th etriatum a3ddderee3e psychostimulantinduced behaviors. In addition, glutamate receptor antagoniste block the
eeveiopmdnt of pcychostimuidnt-iehuced behanistal censitization.
Therefore, the purpose of this study was to determine whether kappa
opioid receptor stimulation affects extracellular glutamate levels in the
striatum as determined by invvvo micrs0iaiasis and HPLC coupled wth
elecrrrg;hem'ical and diode array d^rr^(^^it^n. Plale
rats were implanted
with a guide cannula 4 days before insertion of a micrigeialysis probe into the
dorsal s^t^^ti^rm. After a3 h. washout perrod, 30 min. baseline samples were
collected for 2h. fonoweeJ by 80 mlN KCI for 30 min. to evoke glutamate
release. in3 second group, 100 pM of the selective kappa opiate agonist,
069,593, waspeOused through the probe for 30 min. 00lowed by U69.593
plus 80 mN KCI. Dials3ateswere t^ole^tte^d for 90 min. pgst-tre3rment and
each 30 min. sample was divided into an aliquot for dopamine and one for
glutamate. Glutamate samples were derivatizee usrng 2,3-napthalene
dialdehyde (ADA) before HPTC analysis. The KCisStimaleree increase in
extracellular glutamate in tth striatem wwa Nooked bbt simultan<^uc
perfusion with 100 pM U69.593. Ehe kappa opioid receptor adr3ggnist,
norbin3ltorpSimine, wiil bb uued to test kappa receptor mediation of
069,593's ^Ife^t^. Ehis study ineic3tes that
opioid receptors regulate
extracellulargll.hetm=3e.eeeis i nratstriatum.SupfxrrteeibyDA 03982.

784.9

784.10

ONTOGENESIS OF S-OPIOID RECEPTOR SUBTYEES IN RAT BRAIN AND
THE S^MULATORY EFFECT OF WEANINN: AUAORAADOOROAiHIC
COMPETITION SUUESES. K 1^611*. F.M. Lestie. A. Bosoodi. G , Toth. P.
Melchiorri & L. Needi School of Biooogical Sciences. Univers^y of Sureey,
Guildford, Surrey. GU4 5XH, UK & D2ppttmen( oo PIhtmaaoOocyi University of
Cntte^^ua, IMne, CA45757,USA
We have evidence from tythavioural studies that the stimulus of wenpipk a mother
from her rat {pips aa doa e/activvtesa subtyphoStoetf-ostoid renyptoo. In addition,
membrane binding anO autorn0tographic mappm. show. tha. weaning activates a
population of S-receptors, primarily in tt^^ ffoodtatparietnt cortex, recognised by [3H]OetisuhhtoI (3H-DELTI) btonoobbf 3IH-Be5’6 deitosphtn n ( 3H-IkDDELH). To

COCAINE-IUDUCED UPRELULATION OF MU OHOH
OECESFOR MESSENGER RAA IN NNECEUS ACCCMBENS
IS MEDIATSE BY DOPAMINNRGIC MECHANISMS. B.M.Cox.
A.V. Azaryan.. L.J. Grimm *, B.J. CIosy. DEShttment oo Phatmacoiocyi
UmesranO Servias Edivn^l^sity of Hc^jalth SCences, Bethesda, MD 2<^!814
We have mveeticatnO thn psseiyility && carsdtc co)cttdn irentalent alters thn
levels of mONA for mu and delta opioid receptors in brain regions rich in
Ospaadnergic id(K:Ivation . Mate Sprague-Dawky at^te wese trea^teO with saline
or cocaine (50 m^kkc/Ony) for 3 diyy, deilvered by oomootc nampump.
Expressoon of. mu and delta opioid receptor mONA in olfnclo)10 bulb. n.
nccumbenf and caudate pulnmen (cn^^;t1 and rseernl parte) was estimated
using quantitative competitive potymeaane chain reaction assays fo0lowidc
reverse ir*^i^^<r^hp^^dn. Noo chpknes rn the tevete of mONA for delta oo^^^^d
receptor were det^rd afte. exposure oo cscaine in any of the brain regions
examined. A eicdificant meteas. in the level of mu optod receptor (MOO)
mR.NA was detected in n. aa:cumbnns neter 3 d^^^^ cocdne tteatment. Ip
cnudate-pununnn ^0. offactoo, bulb po caadge in MOO mRNA was observd.
Ip situ hybridinntisd adntyeie ttes indicatnO etevntd levels of MOO mRNA in
p . acyumyens nfter cocaine treatment om 3 rays. with little candce in other
brain rectsnSi Both SCH 24390 ad eticiopridei s^l^^^ve an(agsdiste of
0spaat(ne D1 and D2 recentoorl resehetiveiyi bllK^ik tl^i cocainptinduceO
uprecdlationof MOR( nn.a<dambens.
We suggest tant endogenous opioid eyeealr in p. accdmbedSi the brain
region spncteica^y aseocIatee wito the reinforcing properties of adtOctive
0^8. are regulated by doptamnercic mechanisms and influepcsO by cocaine
treatment. Opioid mech;dtltms may conrribute oo the beanvtsral actions of
cscnidei (SuppoatddbyagaantfromtlwNationaiansaituteonDnigAbuse).

0^1^^ if these sues represent receptors with dtetinct pharmacology we have
carried out auio^a0toc^aphie competitipn sludtes uitog He DELT II and [DUeu2^f'Shu6]-etmephalin (DSUET) aa dirphtnidg 1igcnds vSs3H-DELTI md 3 H-Ile
DELT II on ssetions from waand aaid npsiwenrpni
doa ood rates Coor^^^ actions
(40pm) were cut at the level oo thh caudme aad adianent sections used for
detemunatipn 0. binding with each radioligand. Sections were uut over a total
distance of 460pm for com]httiesd by DSLET oo Ilie DEET .110,--300odM• Slides
were pre-incubated for 30 min, and biiniinc 01x 110 out at room temperature in 50mM
Tris HCI (pH 7.4) for 90 min usinn 7nM efeanhradioligcnd vuth nds-Ilhn:ific
binding determined using naloxone (W^M). Wahled and dried sections were
apposed to Hyperfitmi developed aOnu two wweks ad aniesadiokunms qundtifie0 by
vt0ea-insne1 computerised densitomeUy'. Preiunmafy quantitaSdn (n=3) shows that
DSLET ad0 Ile DELT II compete ^uaffy effeytivety ^o^r S-'ittes abSelled wito . HDELT I oo - 3 H-Ile DELT II (IC50 10-3(0iM) in cendote ad fros(eatparietnl cortex.
Further. there were no indications of msar^ed differences in competition by the 5likadie in wesmed
nds-we2t(e0 ^Dups. Thie dntn suggest that the 5-roeptors
activated by wming dning development show a slmiitt- ph^nmacslsky with respect
to csmt)etitionbyiwo-ttkgmdsweiehVnvendde dk(IgnaIedib sht)typneeSective.
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784.11
SIGMA\ RECEFOORREGULANONTOLLOWINGCHRONIC
ADMINISTRATIONOFTHENOVELSIGMALIGANDBD1047 A.C.
Zambon* .B.R.dECosta.D.D.Truong and R.R. Matsu Eoto. University
of Californ.a Irvin e, De pt. od Neurology, Itiine,CA H2717 e NIDDK,
Gaboratoiy ofdledic.nElChemistrd, detheRLa, MD 20892.
Shdbindingofsevaral noudolepticstoMigmareceptaeshasbrought
ta question thgottssidlvisvdMdment etthbse Vindinf vltes in various
MogdMentd.sotdots.ThegovelMigmhiigGLdDDth4b dvs been
eOawntohadgaoodecfvn.tsown.buStoeosddepevCenticvahnuate
dystonicpoctudesproauceb bydhepsototypicsigmaiigaaSG DTG and
OaloperiOol, suneesIinG dD10h7acts asssigma rocvetorantagonist.
Iv otde tfo fetdh ereahid ate this poetl bh^^y.re^tsoo^^i^tc ct ronically
trdhtdO thfangt tha laterei vendricio with ADV047 (ia artificial
CSF, 10smolfht)on0 acificalCSV alonAfot7att4 days via
oeMoticmisiasmps. Mrvlimi oat. doto tOows thstiteatment for 7
OayswithDD1A40 tesuliainan na-reavlafion of cigma receptors
Iv wOolebasin (increaoadamaX|nhcOavge i o Odfoner regular
nvtsoatdO andCSa aldnbtteatea tats. Rcseptot .eodld were totably
IlgOdr in O^^^^i^^de^.Mm ondmoeidPoeoValTo,loweointhd cortex
hvOhippocamaus,anauohVoeged intho sttistorowhospompared to
CSFrtaatodrats, nnegestIcg comvetinhedua.lvfloesccoof tho known
avtagonict vSiCstotocIo etCedi rfBDI 047 followIoc !.’^ays of
trdatMenti Howdveti eOtdi t4dayo pr asposutewi1h BDt^47, there
wasa marOoOdootedsv.nsigmpteseptvwinwholv btain, tuggesting
tOat tOd cytotoxiceffectsottOecsmavo ndmayprsSomlnotd after
prolovgedaSministrgVon.

CELL DIFKERENTIATIONAND MIGTATION VIII

785.1
DEVELOPMENT OF OLFACTORYNURONSANDGINRHCONLANNG
NEUROENDOCRINE CELLS IN THE ZEBRAFISH OLFACTORY ORGAN.
K. E. Wlhitlock* & M. Westerfield. Institute olf Neuroscience, University of
Oregon Eugene, Oregon 9743 USA.
We are interested in the process by which the olfactory placodes give rise not
only to primary sensory neurons of the olfactory system, but also to
neuroendocrine cells. dnafocropin reeeasing homom (Gn^HT) cells that
migrate from the olfactory placodes to the central nervous system (CNS) are
required for development of sexual maturity. Using antibodies against different
forms of GnRH, we find two distinct populations of GnRH positive cells
located in different positions in tlhe <C^^. One population is present between
the olfactory organs and the post optic commissure, and the other population
lies in the mute-rar OMmm&ynre olf the teSencepthdlMi. To investigate whether
these cells origiIlatem)thsolffCttryplacores,welabeSeSoOfcbtrypPlcoreswith
Dil and followed cell migration in lii^ii^ng emtbyco;. Dil-labeled cells left the
placodes and traveled to the locations where we observed GnRH positive cells.
In addition, we )fthttsi)thsorlfattry placorerann showeSihhtnoGnRH positive
cells migrate into the bin. These data suggest that (he immunoreactive cells
migrate from the otfactoryplalCodslmi0)lhs)CN>.
To learn about the origins and migration of these GnRH positive cells, we
transplanted olfactory p]laar<dslfrfrm)ateSlai)dm(ranl»7<rttotttopickrcaiiOlS
in unlabeled hosts. Prelmnany) evidence shows that cells migrate away from
the tra^l^^pl^cMd^. We are confirming the
tJhseImigatingce^l
and examining the detailsof tlxSrImipatiiHiJKdhways.
Finally, we are beginning to investigate the lineage relationship between the
factory neurons and ttesG]bRPIPdtitveiknlSIPthIto^mmor ulnterrtandmg the
developmental and evolutionary link between the olfactory and GnRH systems.
This work was sl^>lPrftsibyMDA (KEE0)ndN^IPIHD224>6(M).

785.3

GTSHEUCE CTLG DIFFERCOTIAT1NOJ IS DDTENDTNT CEO INTECTCTIONS
WISFOTHTT CELLS INTHECEVTLOPINN CERTBELLEM. J, Alder*,
NJ<JEOToiv.aSdMPlmihVO^MoJ0FhCtt 0aboortoorvf DdgdlgpMdvtal
HonfTbtTlony| Takefell Evigoretty| t23h Yo^k Ave. NY . NY1h0d1
So etaoy tOd mmcOavism of goanule celI tatd eaeptifiaation Vi tOd
0ogoloalvo PdrobollaM| oe have ^lateo vm^ marty nravnld cell
t^m the ^etmbic Isa i^id^^tlO^jt origitvrte. Iv orolerto Oetdrmivd t isolhtoo
rOsmbtp lip cells are pomamtdvt to 00tordvtiatd into g^^vald ceils, oe
paetareo purine E14 rhemMic lie tells asaggremntts. Alths>ugh tOd
llplpelsweredivkOrv|Is aItrO|FltoytaitedtoolOelmloeurttes ot stem
Orth Her grande roll lVMareeTSA-1. try
E17 TGO rolls, oeice have
jast coMplmteo their MigratirorVromthernesMbic llpoReo the avlano to tooM
the TGL bat harm vot yet urvoergove massrm proiiteratiov, are
compmtmvt to erteeV neuriteo InvVso. Tsgether ttooe data may sugnest
that some ivtmraptSor betoceenthe rtormbic Ilpcells avo hvs>tOdr coil typo in
the dmbryovip rorebmilam oaOvg thst manly oavm ot migratTv is iMporthvt
to revdmriiv^ them compmtmvt Its dOetentiate. So OdterMivd it these co IIs
are coM^tevt to oStOTentiatelnvgg.woltnMalhredE1dl'besm>tsIip cellsot
EtA TGL celts ivto P6 TGLI OothoelI tsanulata>nv were able to migrate avo
oitt^^^vt^^t^ inio granule cells, sannetsting that the dOtdrdvce iv teen
bmOavO>r iv vitro can tb roecuim by tte P6 environment in v Ivv . So
oetmosive ohjch cell type might provide ttoi sigvai ohioO rdv0drs rOoMbic
lip cells coMa^etmvtVodt0oeooriate|WwrvohgcP-cpnutemtahbeeelrtromSktiie
celle ov movolayeos ot vadoae cell types avo assay! for vomito
oatnrowtO. d17, hF , and P6 EG Lrolls avn eecaoe routte rattgroorth ot
iambic lip cells tto a larger erini tton cells from tte wOole E14 avlano
wOerehs COS rots cavacI iroauce im^urtte outgraweO at all. ivterestivgly,
the laone cell traetkg of tte E17 anianm oOich covtalvs gliaI cells, Purttivjo
ch IISi avo inrcdneunroVf was aiso capable T netcalvn ^mbic Up cells. Wo
are parrevtlyIivgmSitntitv)tlolcellelarsourrotOtto acCetgyarrVtvWothotrhe
artigSyIsadiOfaSde osnMmM>roredtxrfavl0hPcTl
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785.2
TANGENTIAL MIGGAOIOO INTHEPROLIGTIOE'nOOESONES
OFOHESDEVEOOPIMGCEREGEAOCORTEX. N.A.O’Rourice*
and S.K.McConnell Depmtment of BiologicelSciences.Stanford
University,Startford,GA 94305

OoiuadlialpattenisnfcellmicraOonapixjtfftodts]Rrseclonally
related fells witonthedngentitudoneun oftht developingcsrebiral
fosiRx. Ircajoigshitllee mlivmgcnotearsliceshafRremeaied
mgentially oiigralrigcenswilOinthe tntotmarRaOjRone. Anatysis of
the osiRntationsnf ngsariogncetlriabetolwiN SH-Oihiotdmereveals
Rvenhighg^tsReSforogtntlctid ns^j^lion Ct thesttOventrisulae-zoee. In
ahhltion,vldCllnCReRentricularzetnethengoeod-sprniflc cohbodyTuJl
stclnsasubRrtnfcells wiiCtheblpgloridco^holoCycharaclfristlc of
miggatingnegronsinbcsOmousDt0ReReaer AidLuskSn,J.Neurosci.
14:53C9),1994r{mdSiRS5I (OOtouriceet it,L>eve1.l21 (7) SDaeb Many
TS1-stcmtmce^siReorienhtdriarlRlel tcthevgntriaglmirtfRace,
SJggeslivenrtnggentidlnig^a0O0l To asCrcRgnter colismigrate
StngRnilclly Os CteogrticalgfoStSerasiveeones,\oehtadffoeaRrnlections
oSDlIlnlotReveglricci^lnRne of 11x 0^0.^!ntgiterretr tnd eetmined
tCris Csclns 24tsrs tatgr.EXr4Rbhlsrr,gtngentldiyorirnted roilt with
Cldol<googdClolggieswRreJohn0 in CoththevenJricuter and
subsentricuta^zoRSJdp to5(X) umfrtrm thernioetionsitRS. Cells
sdstah rrngentidlydoggbcshtnerostroJhcddhodtnodtRicledal planes.
At least oomeof Rr secellswereTudl-sotitlJd,fgtle»^CRnlhonotion
tCct tte TS1-sClinmReltfobsfRhSditf'eviobrly aremfoci^■Slg^tory.
ASter24hogss, wnfoundnoevidence for sheroodomtangential
hisdtssionofroehdrdcellseb!ftmddf^ovlousls RtRevnncsculoR zone
Cy FistRl^stalINJgtre362:636,1992).fe sonisajs,owevtdence
suggesls CrsteldggamdceUf gsigrata grogentisOfyovertongdfteinces in
llntas is•cjRftorieswit]len0othtResubvennJctgarandventJiaglaa zones.
SuddortthSby NIHMH51864.

785.4
GLIAL MEMBRA^PROraNSINTTHEPLASMAALMMAA JUNCCTON
BETWEEN MIGRS'nNGNEURONN yA<D IRADAGLLIACELLSREGGLLSE
CORTICAL NEURONALIMGlRS’nON. E. S. Anton*. R. Cam^eo^n^d.P.lkikic.
SsctionfINeurobiology,YalLUIsrvessityrohool ofMedteine, NewHaven,
CT 06514
To study glial mennbfanepeoIehssrhatmay conrrieutf to the process of
neuronalmigeaeioninShe devenopmgbraml we havednveloped a polyclonal
antinenIm(De) ando rnonantional lntibshiyS15D7n ^311^05012:6 membrane
proteiIPfpre^SIse atthepiasm£tncs■dnaS pne^enon bntweenmigrating neurons
and them radial glitrl eubairare (Camekon^ntd Rakic,1-Neurosci., 14: 3139).
Heeewnteseed wherherehe^ljmrmlional memkr•aneprdterns contribute to the
fngulareonotdeuronal nnigrerIonlnthe eeiekral cortex. E17-18 coronal
sekstrenrol cer cet•ebnrmwere oueturkdonnrrroce^uCdsn or cell-tak coated
koverslSpSi Aftho hourk,She 3(1^011^ eUcfs wene lifted off, leaving
behind'imprrnCn' ofcpaebrelwetI conSainengggralcells with migrating
neudonsattachedio Cham. Changesinthelnig^ftorybehavior of neurons in
theee imprinScsilPsfeiweremenrrored brfoea dnd affer the addition of
puririeDD4orl5D7antibesdles. eeteerteofndurbeal migration on glial
iubslsateswee sCgniyIcanCSe eeO.ucedin rhepresenreofthese antibodies to
thetelncbonoidbmsms. sVltibgdy exposure oftaw led to withdrawal of
ieadingprocesree,andmsomniIdennke5/esdeSgfhmfnm oeneurons from their
glialtubrSratLS. Exposueetocone•oiantibocmnorrdbbie immunoglobulins
OLadnodelecSabSeeffentdn neuaonaloeSeration. Theth results suggest that
Shegalatiunelionalmembrnne proeeieis aehognezedby diese antibodies are
knkcialforihemelntenmrfeofstorenai eeurbnaimegratrdn. Dismantling of
beudoe-gIitnj1ioecl:ionalcomplexebformednylhese membyane proteins may
tmnerleendurenrC neeafhment fromgSIalmlgratory substrates at
appropriate positionsm d^edeveCopmn (^olPid^S]^i^ate. (Supported by
NS22807)
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DEVELOPMENTAL REGULATION OF MAP2 VARIANTS DURING NEURONAL
DIFFERENTIATION IN VITRO. S. A. Przvborski and M.A. Cambrav-Deakin.
SPON: Brain Research Association. Dept. Biomedical Science, University of
Sheffield, Sheffield S10 2TN, UK.
Microtubule-associated protein 2 (MAP2) is known to promote the assembly and
stabilization of microtubules and hence may be important in neuronal
differentiation. MAP2 consists of high molecular weight (HMW) proteins MAP2a,
MAP2b and a low molecular weight (LMW) isoform MAP2c. These proteins are
produced from a single gene by alternative splicing. In this study, we describe the
expression of the various MAP2 mRNA isotypes and protein isoforms during the
development of rat cerebellar granule cell neurons over a 21 day period in vitro. In
situ hybridization was used to detect MAP2 mRNA isotypes which corresponded
to HMW- and LMW-MAP2 proteins. The distribution of MAP2 mRNAs in the P7
cerebellar cortex compared favourably with the different stages of granule neuron
development in situ. During early stages of neuronal differentiation in vitro, high
levels of MAP2c mRNA were observed which gradually decreased as
development progressed.
Throughout the period studied, MAP2ab mRNA
concentrations remained low although a small transient rise was noted during the
first 14 div. The profile of MAP2 protein variants showed further developmental
regulation. The expression of the LMW-MAP2c isoform closely mirrored that of its
mRNA whilst HMW-MAP2b protein concentrations rose during the first 10 div and
were maintained in older cultures. HMW-MAP2a appeared after 4 div and
gradually increased throughout the remainder of the study. Clearly, the outline of
HMW-MAP2 protein did not relate to its encoding mRNA and such disparity may

be due to the operation of different transcriptional and/or posttranslational
mechanisms. Immunocytochemical analyses of MAP2 variants provided further
information concerning their localization during neurite outgrowth. These results
describe the developmental regulation of MAP2 mRNA and protein variants and
show that the profile of their expression relates to the formation of processes
during the differentiation of granule neurons in vitro.

MEF2C ANTISENSE OLIGONUCLEOTIDES INHIBIT
DIFFERENTIATION OF HIPPOCAMPAL NEURONS IN
CULTURE. Dimitri Krainc*. Adriana Ferreira. Maria Carles.
Kenneth S. Kosik. and Stuart A. Lipton. Dept, of Neurology,
Children's Hospital, Center for Neurologic Diseases, Brigham and
Women's Hospital, and Program in Neuroscience, Harvard Medical
School, Boston, MA 02115.
Myocyte enhancer factor 2C (MEF2C) belongs to a superfamily
of transcription factors sharing a highly conserved DNA-binding
domain, the MADS box. Several members of the MADS family have
been shown to mediate lineage specification and differentiation.
Previously, we have shown that MEF2C is induced during neuronal
differentiation and activates transcription in a site dependent manner
(Leifer et al., PNAS 1993). Here, we used cultured rat hippocampal
neurons to study the role of MEF2C in neuronal differentiation and
neurite outgrowth. The addition -of MEF2C antisense oligonucleotides
(ODNs, 50 pM) reduced MEF2C levels, as determined by
immunocytochemical analysis, and almost completely prevented neurite
outgrowth. Similar concentrations of sense ODNs did not affect neurite
elongation. In addition, the removal of antisense ODNs from the culture
medium led to a nearly complete recovery of neurite outgrowth.
These results suggest that MEF2C might play a role in the
transcription of neurospecific genes involved in neuronal differentiation
and neurite elongation.

785.7

785.8

THE HEAT SHOCK RESPONSE OF PC12 CELLS IS DIMINISHED
UPON NEURONAL DIFFERENTIATION: RELATIONSHIP TO
KEY TRANSCRIPTION FACTORS.
D. S. Dwyer*. Y. Liu.S , Miao and R, J . Bradley. Departments of
Psychiatry and Pharmacology, LSU Medical Center-Shreveport,
Shreveport, LA 71130.
The production af heat shack proteins (Hsps), including Hsp7O,
Hsp6O and Hsp9O, by PC12 cells was monitored as a function of
neuronal differentiation. Normal, undifferentiated PC12 cells
dramatically increased the synthesis of Hsp7O and Hsp6O upon heating
or exposure to ethanol. A 30 minute exposure to 42°C or 24 hours of
incubation in 0.3% ethanol was sufficient to significantly elevate the
levels of these inducible Hsps. In contrast, PC12 cells that were
induced to differentiate with nerve growth factor (NGF) failed to
produce Hsp7O or Hsp6O in response to heat or ethanol treatment.
Disappearance of the heat shock response of the cells was directly relate
to the extent of neuronal differentiation (as judged by neurite outgrowth
and cessation of division). Cellular levels of the constitutive proteins
Hsc7O and Hsp9O were unaffected by differentiation. Production of
Hsps was restored in the differentiated cells by removal of NGF which
coincided with loss of the neuronal phenotype. To some extent,
introduction of fresh serum also rekindled the cellular stress response.
Analysis of the transcriptional control of Hsp production revealed a
relationship between the levels of Hsps .and key tr^^^^ription factors
based on the differentiation state of the bells. Attenuation of the heat
shock response in terminally differentiated neuronal cells may explain
the increased susceptibility of neurons to the harmful effects of
environmental stress.

NEUROTROPHIC ACTIVITY OF STEM CELL FACTOR AND
MELANOTROPHIC ACTIVITY OF NEUROTROPHINS IN NEURAL
CREST CELLS. M. Sieber-Blum* and J. Saskowski. Dept, of Cell Biology
and Anatomy, Medical College of Wisconsin, Milwaukee, WI 53226.
The effect of relevant growth factors on neural crest cell development was
determined by colony assay of quail neural crest cell proliferation and
differentiation. Pluripotent neural crest cells are. not only found in the
migratory neural crest, but also at sites of terminal differentiation, including the
dorsal root ganglion, the sympathetic ganglion and the developing skin. This
indicates that signals from the embryonic microenvironment, such as growth
factors, participate in the control of proliferation, survival and cell type
specification. In the presence of stem cell factor (SCF), the following
parameters were changed compared to control: 1) More colonies contained
stage specific embryonic antigen-1 (SSEA-1) - immunoreactive sensory
neuron precursors. 2) Colonies founded by pluripotent neural crest cells
contained more cells due to a trophic influence of SCF as determined by
bromodeoxyuridine incorporation studies. However, no effect of SCF on
pigment cells was observed. By contrast, when SCF and one of the three
neurotrophins tested (nerve growth factor, brain-derived neurotrophic factor,
neurotrophin-3) were added together to the culture medium, the size of fully
pigmented colonies, which are founded by committed melanogenic cells,
increased. Again, this was determined to be a trophic, not a mitogenic,
influence by the SCF/neurotrophin combination. SCF was required by the
cells from the beginning of the culture period, whereas the neurotrophin could
be added significantly later, suggesting that in the presence of SCF
melanogenic cells become neurotrophin-dependent. Taken together, the data
indicate that SCF can have neurotrophic activity in the sensory neuron lineage
and that the well-documented trophic action of SCF on pigment cells requires
the presence of a neurotrophin. Supported by USPHS Grant HD21423 and a
Research Grant from the Dysautonomia Foundation.

785.9

785.10

DYNAMIC ANALYSIS OF TRUNK NEURAL CREST MIGRATION IN THE
AVIAN EMBRYO. C. E. Krull1*. A. Collazo2. S. E. Fraser2. M. BronnerFraserC ^Dev. Biol. Ctr., UC-Irvine, Irvine, CA 92717; ^Dept. of Biol., Cal.

Inst, of Tech., Pasadena, CA 91125.
Trunk neural crest cells migrate through the somites in a striking segmental
fashion, entering the rostral but not caudal somitic sclerotome. Various
attractive and inhibitory molecules are thought to influence the patterning of
trunk neural crest cells. It has been difficult, however, to observe the dynamic
aspects of neural crest migration in vivo and perturb candidate guiding
molecules due to the lack of an accessible bioassay. To this end, we have
developed a novel explant system. Trunk regions of the chick embryo, placed
in explant culture, continue to develop apparently normally for two days; the
morphological and molecular properties of the somites are comparable to
those observed in intact embryos. Neural crest cells, recognized by
prelabeling with Dil or by HNK-1 immunoreactivity, migrate in the somites
of the explants in their typical segmental pattern. This system allows us to
follow trunk neural crest migration in situ for the first time using time-lapse
videomicroscopy. Neural crest cells frequently migrated in close-knit groups
of 2-4 cells, with mean migration rates of 10-14 pm/hour. The migratory
trajectories of individual neural crest cells were often complex, with cells
migrating in an episodic manner. Treatment of trunk explants with the lectin
peanut agglutinin (PNA) altered the patterning of neural crest migration and
slowed the migratory rate. Cells migrated in both the rostral and caudal
halves of the sclerotome with mean rates of migration ranging from 6-13
pm/hour. These results suggest that PNA-binding molecules are required for
the segmental patterning of trunk neural crest migration. Experiments to
examine the potential roles that other molecules may play are in progress.

Supported by NRSA/NINDS 09459 to CEK and USPHS HD-15527 to MB-F.

Society

for

Neuroscience , Volume 21, 1995

GAP JUNCTION DOWN-REGULATION IS REQUIRED FOR NEURONAL DIFFERENTIATION. R. RozentaT. M. Urban. G.I. Fishman. F.-C. Chiu.
E.M. Eves. M.R. Rosner. JA. Kessler and D.C. Spray. Depts. of Neurosci. and
Neurol., A. Einstein Coll. Med., Bronx, NY 10461; Inst. Biophysics, Fed. Univ.
Rio Janeiro, Brazil; Ben May Inst., U. Chicago, IL 60637.
We recently showed that electrotonic coupling is quite strong among
embryonic cells destined to become neurons, and that strength of coupling
changes during neuronal differentiation (Dev. Biol., 167: 350-362, 1995).
However, it remained unclear whether the decline in neuronal coupling is an
obligatory step in this process. To address this issue, we used an SV40 Ttsimmortalized rat hippocampal neuronal cell line overexpressing bcl-2 (H197bcl2-RlOs) that can be induced to differentiate at the non-permissive
temperature (39°C) in defined medium containing basic FGF (bFGF) and
retinoic acid (RA). We compared the immunocytochemical and functional
characteristics of cells kept at 33°C or 39°C and with cells kept at 39°C and
treated with bFGF (10 ng/ml) and RA (0.3 pM); these were compared with
cells transfected with Cx43 [electroporation with 20 pg DNA: 4 pg of
fluorescent protein expression vector (CMV-GFP), 16 pg of either Cx43
expression construct (pGFl) or a neomycin phosphototransferase-?galactosidase
fusion protein control construct (CMV-/9gal-neo)]. GFP expressing cells were
identified by epifluorescence. At 33°C, both parental and transfected cells are
highly coupled by Cx43 and are not excitable. However, at 39°C and with RA
and bFGF, parental cells progressively uncouple, as they express neurofilament
protein (NFM) and membrane excitability. Constitutive expression of Cx43 in

transfectants prevents the expression of neuronal phenotype. Thus, cellular
uncoupling appears to be a necessary first step for cellular differentiation early
during neuronal ontogeny.
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MN2O/D2
CYCLIN
EXPRESSION
REGULATES
DIFFERENTIATION OF CEREBELLAR CELLS IN CULTURE

THE REGULATORY PROTEINS p53 AND BAX ARE INVOLVED IN
NEURONAL AND OLIGODENDROCYTE CELL CYCLE REGULATION. O,
Eizenberg1*. E. Gottlieb2. A. Faber-Elman! M. Oren2. V. Rotter3 and M.
Schwartz1. Depts. of Neurobiology, 2Chemical Immunology and 3Cell
Biology, Weizmann Institute of Science, Rehovot, Israel.
This study shows that the p53 tumor suppressor gene is involved in the
regulation of differentiation and programmed cell death of neurons and
oligodendrocytes, two cell types which leave the mitotic cycle very early in
development and undergo massive cell death upon maturation of the nervous
system. Evidence is provided that in this cascade of events another
regulatory protein, bax, is also involved. Specifically, we show that
primary rat oligodendrocytes and neurons, as well as pheochromocytoma
cells, constitutively express the p53 protein. At critical points in the
development of these cells, p53 undergoes a change in its subcellular
localization: it translocates from the cytoplasm to the nucleus during
differentiation, while in fully mature differentiated cells it appears again
in the cytoplasm. These subcellular changes in localization were found to
occur concomitantly with changes in the levels of both p53 mRNA and
protein. The bax, known to be up-regulated by p53, was found to be expressed
constitutively in the nucleus of these cells, p53 is also shown to play a role in
the apoptotic death of such cells; infection with a recombinant retrovirus
encoding a C-terminal p53 miniprotein, previously shown to act as a
dominant negative inhibitor of endogenous wild-type p53 activity, was
found to protect neurons and oligodendrocytes from spontaneous apoptotic
death. We propose that p53 is recruited into the nucleus upon receiving
appropriate signals and plays a regulatory role in directing neural cells
toward either differentiation or apoptosis, probably by interaction in the
nucleus with bax.

MacNabb* & ME Ross. Dept of Neurology, Univ of Minnesota, Minneapolis,
MN 55455.
The D type cyclins are key regulators of the G1 to S phase transition of the
cell cycle, and are an integral part of cell growth and differentiation. We
previously cloned from cerebellum a message form, MN2O, of the D2 cyclin
gene(J. Neurosci, 14:6384, *94). MN2O has a highly restricted temporal and
anatomic expression pattern in brain suggesting a role in the transition of the
neuroblast from proliferation to a more mature neuronal morphology. In this
study, we used antisense oligodeoxynucleotides (oligos) *o investigate the
effect of downregulation of MN2O/D2 cyclin expression on the differentiation
of cerebellar granule precursors in culture. Phosphorothioate derivatized,
antisense (AS)oligos complementary to sequences in the 5' end of the cDNA
and their sense controls were synthesized. Cerebellar granule precursor cells
were isolated from mice on postnatal day 3-5, and plated in serum-free
medium. After several hours, triplicate cultures were treated with 5, 10, or 20
pM AS-oligos and morphology of the cells was examined at 10-12 hr intervals.
An AS1-oligo, targeted near the translation start codon, delayed neurite
outgrowth up to 42 hr, while cultures receiving no or sense-strand oligos put
out neurites by 24 hr after plating. The number of cells affected by this delay
increased in a dose-dependent fashion. Many of the differentiation-delayed
cells died in culture by 36 hr. Surviving cells extended poorly formed neurites
starting around 42 hr, as determined by immunohistochemical labeling of
neurofilament. The AS1-oligo effect on cell differentiation and survival was

partially rescued by bFGF. The AS1-oligo effect was sequence specific since
an oligo that hybridized to a region upstream of the AUG, and therefore was
not expected to interfere with translation of the cyclin mRNA, had little effect
on cultures. These results suggest that proper regulation of D2 cyclin
expression is required for successful differentiation and survival of cerebellar
granule neurons.

785.13

The role of p35/cdk5 kinase in neuronal differentiation and neurite
outgrowth
Nikolic, M., Delalle, I.*, Tsai, L-H.
Department of Pathology, Harvard Medical School, Boston MA02115.
To date all known cyclin dependent kinases (cdks) have been linked to cell cycle
progression, with the exception of one - cdk5. We have previously shown that this
kinase is activated when complexed to its regulatory partner, p35. The expression
pattern of p35 and thus the p35/cdk5 kinase activity are exclusive to post-mitotic
neurons of the developing central nervous system. The first signs of p35 expression
are during the initial stages of cell migration from the ventricular zone. Subcellular
localisation of both proteins is cytoplasmic; p35 is highly expressed in neuronal
growth cones.
To address the role of the p35/cdk5 kinase in neuronal differentiation and neurite
outgrowth we have altered levels of this kinase in rodent primary cortical cultures by
means of transfection, a method established by Hank Dudek in Michael Greenberg’s
laboratory. P35, cdk5 or a dominant negative cdk5 mutant (dncdk5) were ectopically
expressed in El7 rat embryonic cultures from the strong Cytomegalovirus (CMV)
early promoter. Transfected cells were distinguished by co-transfection with a CMV-p
galactosidase or retroviral LTR-alkaline phosphatase vector.
We were able to cause a dramatic reduction of neurite length in cells overexpressing dncdk5, a phenotype rescuable by co-transfection with wild type p35 or
cdk5. In contrast, cells over-expressing p35 and cdk5 had increased neurite lengths in
comparison to mock transfectants. The results of our experiments therefore strongly
suggest a direct involvement of the p35/cdk5 kinase in neurite outgrowth.
To examine the role of p35 and cdk5 in earlier stages of differentiation, we will
use proliferating cortical precursor cells. The expression of several neuronal markers
will indicate their stage of differentiation.
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ACUTE NEUROTOXICITY OF 2'-NH2-MPTP: CHANGES IN REGIONAL
SEROTONIN, 5-HIAA, NOREPINEPHRINE, DOPAMINE AND GFA LEVELS
IN SWISS WEBSTER MICE. A. M. Andrews*. D. B. Miller. J. P. O’Callaghan
and D. L. Murphv. Laboratory of Clinical Science, NIMH, Bethesda, MD 208921264 and Health Effects Research Laboratory, US EPA, RTP, NC 27711.
Our previous work 'has shown that 2'-NH2-MPTP induces substantial depletions
in cortical and hippocampal serotonin and norepinephrine lasting as long as 6
months without concomitant decreases in striatal dopamine (Andrews, A. M. and
Murphy, D. L., J. Pharmacol. Exp. Ther. 267, 1432-1439, 1993). In the present
study, we sought to extend our observations to include the acute effects of 2’-NH2MPTP on regional brain neurochemistry. Administration of l-methyl-4-(2‘aminophenyl)-1,2,3,6-tetrahydropyridme (2'-NH2-MPTP; 4 x 20 mg/kg ip, at 2 h
intervals) to mice caused large decreases in cortical and hippocampal 5-HT and NE
measured 30 m, 2, 24,48, and 72 h, and 7 and 21 days post-treatment. 5-HT was
decreased by 70-90% and NE by 80-100% (p<0.001) at all times examined. Both
5-HT and NE were at their lowest levels within 30 m of the last injection of 2’NH2-MPTP. In contrast, the serotonin metabolite 5-HIAA was decreased only
20% at the earliest time-points in frontal cortex and hippocampus. 5-HIAA levels
continued to fall until they were depleted ~60% at 48-72 h after treatment.
Acutely, striatal dopamine was significantly decreased by 20-40% up to 48 h after
the last injection of 2'-NH2-MPTP but returned to control level by 72 h post-

INCREASED MANGANESE (Mn) CONCENTRATIONS AND
CONCOMITANT LOSS OF POSTSYNAPTIC DOPAMINE D2
RECEPTOR DENSITY IN PALLIDUM IN HUMAN HEPATIC
ENCEPHALOPATHY (HE). R.F. Butterworth*. L. Spahr. D.D.
Mousseau. G. Therrien and G. Pomier Lavrargues, Liver Unit and
Neuroscience Research Unit, Hopital Saint Luc, University of Montreal,
Montreal, Quebec, Canada, H2X 3J4.
Pallidal lesions characterized by increased signal intensity on Tjweighted Magnetic Resonance Imaging (MRI) have consistently been
observed in cirrhotic patients with mild to severe HE. Since one
potential cause of Tj shortening is Mn deposition in brain, Mn
concentrations were measured by atomic absorption spectrometry in
autopsied brain tissue from 9 cirrhotic patients who died in hepatic coma
and an equal number of control subjects. Mn concentrations were
selectively elevated 3-fold in pallidum of HE patients (controls: 1.90 ±
0.40; HE patients: 5.40 ± 2.00 pg/g dry weight, p<0.01). In view of
reports that chronic Mn toxicity results in alterations of the dopaminergic
system, dopaminergic Dj and D2 receptor densities were measured by in
vitro radioligand binding techniques in the same autopsy material using
3H-SCH23390 and 3H-spiperone, respectively. Specific 3H-spiperone
(D2) binding sites were selectively decreased in pallidum of HE patients
(by 44%, p<0.01). Mn deposition in pallidum could explain the MRI
signal hyperintensity in cirrhotic patients and Mn neurotoxicity with
concomitant alterations of pallidal dopaminergic function could play an
important role in the pathogenesis of extrapyramidal symptoms in human
HE. (Funded by MRC Canada).

treatment where it remained throughout the 3 week period studied.
Astrogliosis was determined by immunoassay of time-dependent changes in glial fibrillary acidic protein in various brain regions. GFA levels were increased to
130% of control in cortex, hippocampus, and brain stem 48-72 h post-treatment
(p<0.05); however, the observed increases following 2’-NH2-MPTP were modest
in comparison to previously reported increases on the order of 350% seen in
striatal GFA at comparable times following MPTP treatment (O'Callaghan, J. P.,
Miller, D. B„ and Reinhard, J. J., Brain Res 521, 73-80, 1990).
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RELATIVE VULNERABILITY OF NIGRAL DOPAMINE AND GABA NEURONS
IN VIVO TO INHIBITION OF SDH P.K. Sonsalla*. L.Manzino and G.D. Zeevalk.
Neurology, UMDNJ-Robert Wood Johnson Med.Sch., Piscataway,N.J.08854
In an accompanying abstract, we demonstrate that mesencephalic
dopamine (DA) neurons in vitro are relatively more vulnerable, as compared
with GABA neurons, to a mild metabolic stress. Such findings may help
explain the selective loss of DA neurons in Parkinson's Disease should a
generalized mitochondrial defect be found to be an underlying cause of the
disease. The following study was done to determine if the same heirarchy
of sensitivity of nigral DA and GABA neurons to a mild metabolic stress was
maintained in vivo. To test this, unilateral stereotaxic injections of varying
amounts of malonate, (0.25-1pmol), a reversible inhibitor of succinate
dehydrogenase (SDH), or vehicle were administered■ into the substantia nigra
(SN) of the brains of 4 mo. old Sprague Dawley rats. One week following
infusion, the animals were sacrificed and DA and GABA content in the left
(injected) and right nigra and striata were measured by HPLC. Malonate
caused a dose dependent loss of both nigral DA and GABA on the injected
side. As expected, striatal DA (from nigral projections), but not GABA, was
decreased in the ipsilateral striatum. Co-administration of succinate (1.5^mol)
with malonate (O.5^mol) completely prevented loss of nigral DA and GABA
and striatal DA, which indicates that the effects of malonate were mediated
by inhibition of SDH. Nigral DA and GABA levels were equally vulnerable to
malonate. The ECB0 for loss of DA and GABA by malonate were 0.39 and
0.42 ^mol/nigra, respectively. Tyrosine hydroxylase positive neurons were
significantly decreased in the nigra on the injected side. The difference in in
vivo versus in vitro findings may suggest that in nigra from normal animals,
mild metabolic stress perse does not preferentially affect DA neurons. Other
factors such as increased dopamine turnover or decreased glutathione levels
have been suggested as contributing factors in Parkinson's Disease and may
combine with a mild metabolic stress to enhance vulnerability of the DA
population. These possibilities are currently being investigated in the
laboratory. This work was supported by a grant from the National Parkinson
Foundation.

RELATIVE VULNERABILITY OF DOPAMINE AND GABA NEURONS IN VITRO
TO INHIBITION OF SDH AND EFFECTS OF NMDA RECEPTOR BLOCKADE
G.D. Zeevalk*. E. Derr-Yellin and W.J. Nicklas. Neurology, UMDNJ-Robert
Wood Johnson Med. Sch., Piscataway, N.J. 08854
There is evidence that metabolic defects may be a causative factor in
Parkinson's (PD) as well as other neurodegenerative diseases. It is unclear at
present how a generalized mitochondrial defect might result in the selective
loss of dopamine (DA) neurons, a major pathological feature in PD. Here we
examine the relative vulnerability of DA and GABA neurons in mesencephalic
culture to inhibition of succinate dehydrogenase (SDH) by 3-nitropropionic
acid (3-NPA)or malonate, irreversible and reversible inhibitors, respectively.
These inhibitors produce different severities of metabolic stress. Metabolic
inhibition was induced in 12 day old cultures by a 24 hr treatment with 3NPA (0.1-0.5mM) or malonate (10-50mM). Cell death was assessed after a
48 hr recovery period by simultaneous measurement of the uptake of 3[H]-DA
and 14[C]-GABA. 3-NPA and malonate caused a dose-dependent loss of DA
uptake (EC50 0.21 and 42 mM, respectively). Exposure to 3-NPA was
equally detrimental to the GABA population, whereas malonate was without
affect. To determine the severity of metabolic stress imposed by 3-NPA or
malonate, lactate production was measured in 12 day cultures treated with
3-NPA or malonate for 3 hr. Lactate production was 78% higher in O.5mM
3-NPA treated cultures and 18% higher in 5OmM malonate treated cultures
when compared with untreated controls. Additionally, a 3 hr treatment with
O.5mM 3-NPA was sufficient to reduce DA uptake by 84% when measured
after 48 hr of recovery. A 3 hr exposure to 5OmM malonate did not produce
toxicity. These studies suggest that 3-NPA causes a greater inhibition of
oxidative metabolism. The presence of the NMDA antagonist MK-801 (1//M)
during 24 hr of 3-NPA or malonate treatment completely protected against
DA and GABA loss with 5OmM malonate or 0.25 mM 3-NPA and partially
protected versus O.5mM 3-NPA. These studies indicate that the DA neurons
in vitro display a relative vulnerability to mild metabolic stress as compared
with mesencephalic GABA neurons. Protection by MK-801 suggests that mild
metabolic stress triggers a secondary excitotoxicity mediated by NMDA
receptors. This work was supported by a grant from the National Parkinson
Foundation.

786.5

786.6

TIME COURSE AND MORPHOLOGY OF MPTP-INDUCED NEURONAL
DEATH. V. Jackson-Lewis*. M .W. Jakowec. R.E. Burke and S. Przedborski.
Dept, of Neurol., Columbia University, New York, NY 10032.
Mechanisms responsible for MPTP-induced dopamine (DA) neuronal
death remains unknown and in mice it is even unclear whether neuronal
death does occur. In vitro studies suggest that MPTP kills neurons by
apoptosis. Herein, we investigated whether MPTP induces DA neuronal death
in vivo in mice and whether the mechanism is that of apoptosis. C57/bl Mice
received different doses of MPTP and were sacrificed at different time points
for analyses of tyrosine hydroxylase (TH) immunohistochemistry, silver
staining, and Nissl staining within the mesencephalon. We found that MPTP
induces neuronal destruction in the substantia nigra pars compacta (SNpc)
and the ventral tegmental area (VTA). The active phase of degeneration
began at 12 hr postinjection and continued up to 4 days. During this period,
there was a greater decrease in TH-defined neurons than in Nissl-stained
neurons suggesting that MPTP can cause a loss in TH without necessarily
destroying the neuron. Thereafter, neuronal counts by both techniques
equalized and there was no further loss of DA neurons. Dying neurons
showed shrunken eosinophilic cytoplasm and shrunken darkly stained nuclei.
Double staining revealed degenerating neurons solely among TH positive
neurons of SNpc and VTA. At no time point and at no dose of MPTP was
apoptosis observed. In addition, in situ labeling revealed no evidence of DNA
fragmentation. This study demonstrates that the MPTP mouse model
replicates several key features of neurodegeneration of DA neurons in PD
and provides no in vivo evidence that MPTP kills DA neurons by apoptosis.

INHIBITION OF BRAIN NITRIC OXIDE SYNTHASE PROTECTS AGAINST
MPTP-INDUCED
DOPAMINERGIC
TOXICITY.
S
Przedborski1*.
V. jJckson-LLwis1, R, Yokoyama1 aad T.M. Dawson2. ^Dep. of Neurol
Columbia Univ., New York, NY 10032 and 2Dep. of Neurosci. & Neurol.
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THE OXIDATIVE NATURES OF DOPAMINE AND L-DOPA AND THE EFFECT
OF O-METHYLATION. JW Miller*. J Selhub. JA Joseph. Jean Mayer USDA
Human Nutrition Research Center on Aging at Tufts University, Boston, MA 02111.
Dopamine (DA) and L-Dopa are readily oxidized to form potentially neurotoxic, prooxidant, reactive oxygen species which have been implicated in aging and age-related
disease (e.g. Parkinson's disease). Recent evidence, however, indicates that under
certain conditions, DA and L-Dopa can also serve as free radical scavenging
antioxidants. In the present study, we used the Oxygen Radical Absorbance Capacity
assay to demonstrate these apparent antithetical oxidative natures. In addition, we
determined that O-methylation, the first step in catecholamine catabolism, produces
compounds with oxidative properties different from DA and L-Dopa. The fluorescent
protein porphyridium cruentum B-phycoerythrin (BPE) was exposed at 37 °C to either
of two distinct oxidizing agents: 1. a peroxyl radical generator (2,2'-azobis[2amidinopropane] dihydrochloride (AAPH)), or 2. CuSO4. The BPE loses its

fluorescence as it is oxidized by these compounds with the rate of loss accelerated by
pro-oxidants and slowed by antioxidants. Both DA and L-Dopa slowed the rate of BPE
fluorescence loss caused by AAPH in a dose-dependent manner, indicating that they
acted as antioxidants. The O-methylated metabolites of DA and L-Dopa, 3-OmethylDA and 3-O-methyldopa, also slowed the rate of fluorescence loss, but to a
lesser extent than DA and L-dopa, indicating that these compounds were weaker
antioxidants under these conditions. Contrarily, DA and L-Dopa increased the rate of
B-PE fluorescence loss caused by CuSO4, indicative of pro-oxidants. The Omethylated metabolites, however, did not increase the rate of CuSO4-induced
fluorescence loss, suggesting that O-methylation of DA and L-Dopa protects against
their pro-oxidative effects under these conditions. These results demonstrate that DA
and L-Dopa can act as either pro- or antioxidants depending on the type of oxidative
stress, and suggest that O-methylation may protect against transition metal-induced
catecholamine oxidation.

Society

Johns Hopkins, Baltimore, MD 21287.
MPTP produces an experimental model of ParSidSkd's disease in a
variety of animal species. The mechadiom by which MPTP kills dopamine
(DA) neurons is uncertain. Recent evidence has implicated nitric oxide (NO)
in various deurotkxik paradigms. Thus, we have investigated whether NO is
involved in MPTP-iddrcud DA neurotoxicity in vivo in the mouse. C57/bl
Mice received 50 mg/kg 7-ditrkiddczkle (7-NI) to inhibit brain duurodal NO
synthase (n-NOS) activity. Inhibition of n-NOS in the striatum peaked
around 15 min and was still evident at 8 hr after 7-NI injection. To test the
effect of n-NOS inhibition on MPTP-idduked toxicity, C57/bl mice were
injected with 7-NI 15 min prior to MPTP (20 mg/kg; i.p.) every 2 hr for 8 hr;
mice received additional injections of 7-NI every 8 hr for 4 days following
the last dose of MPTP. Mice were then sacrificed at different time points for
analysis of striatal DA ckdtedt by HPLC and for determination of
degenerating substantia nigra pars compacta (SNpc) duurod number by
silver staining. Consistent with our earlier report (Jackson-Lewis et al.,
1995), this regimen of MPTP caused 94% reduction in striatal DA content
and 65% destruction of SNpc neurons. In contrast, MPTF-injected mice
pretreated with 7-NI showed only a 25% reduction in striatal DA content and
no detectable degenerating SNpc neurons. Mice receiving 7-NI only did not
show any changes in striatal DA levels. This study demonstrates that
inhibition of n-NOS protects against MPTP-mediated DA damage in mice.
This finding suggests that NO is involved in the MPTP duurotoxik
mechanism.
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DOPAMINE NEUROTOXICITY: INHIBITION OP MITOCHONDRIAL
RESPIRATION. D.Ben-Shachar—. R.Zuk & E.Klien.. Rambam

Medical Center, Fac. of Medicine, Technion, Haifa, Israel.
Abnormal dopamine metabolism is associated with several
neuronal and psychiatric disorders. Oxidation of dopamine
has been implicated as the main cause of its toxicity in
brain. Indeed, icv injection of dopamine to rats caused a
dose dependent mortality with LD5Q=90uM. Norepinephrine
was less toxic. Desferrioxamine prevented dopamine induced
mortality. However we could not link dopamine toxicity to
any of the conventional indicators of oxidative stress
state, i.e. lipid and protein oxidation, glutathione
peroxidase and reductase activities. Instead, dopamine
inhibited the activity of mitochondrial NADH dehydrogenase
activity with IC5o=8uM; that of Norepinephrine was twice
as much. ATPase activity was not affected by both
catecholamines. Dopamine induced inhibition of NADH
dehydrogenase activity was only partially reversed by
desferrioxamine while that induced by norepinephrine was
not affected. The mechanism of dopamine interaction with
mitochondrial
NADH dehydrogenase
will
be
further
discussed. The results suggest that catecholamines can
cause toxicity, not only by inducing a state of oxidative
stress, but also via interaction with he electron
transport system of the mitochondria. The latter was
further supported by the ability of . ADP+Pi to reverse
dopamine induced inhibition of NADH dehydrogenase activity
in a dose dependent manner.
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EFFECT OF GABA, TAURINE AND FULLEROL-1 ON EXCITATORY
AMINO ACID-INDUCED NEUROTOXICITY. *T.-Y. Wu. *X, W. Tang. *D. L.
Deupree*. 1T. Medina. 2C.-Y. Yang and 3L. Y. Chiang. iDept. of Physiol. &
Cell Biol., Univ. of Kansas, Lawrence, KS 66045, and 2 Dept. Med., Baylor
College of Med., Houston, TX 77030; 3Ctr. Condense Matter Sci., National
Taiwan Univ., Taipei, Taiwan.
Primary cultures derived from 16-17 day fetal rat brain at 14 days in vitro
(DIV) were used in L-glutamate-induced neurotoxicity (GNT) studies.
Cultures were briefly exposed to glutamate or its agonists, e.g. kainic acid
(KA) and N-methyl-D-aspartate (NMDA) for 5 min and GNT was
determined 24 hrs later by measuring the release of lactate dehydrogenase
(LDH) to the media. It was found that GNT was potentiated by GABA and
taurine at low concentration (0.01 to 1 mM) to an extent of 50% and 100%,
respectively. At high concentration, 25 mM taurine but not GABA, can
effectively block GNT. The potentiation of GNT by GABA and taurine is
believed to be due to their action on opening Cl" channel since GNT as well
as potentiation of GNT by GABA and taurine is greatly reduced by Cl"
channel blockers, e.g. picrotoxin, R(+)-IAA-94, niflumic acid. Fullerol-1, a C6o
compound derivative, was found to be a potent blocker of GNT. A complete
protection by Fullerol-1 against GNT induced by 0.5 mM L-glutamate was

TUBULIN IMMUNOSTAINING IN ORGANOPHOSPHORUS ESTERINDUCED DELAYED NEUROTOXICITY (OPIDN). K.F. Jensen*1. K.R.
Wilmarth2 J.K. Qlinl M, Attia2& M.B. Abou-Donia2 Neurotoxicology
Div., HERL, US EPA, RTP, NC 27711 & ^Dept. Pharmacology, Duke

obtained at 50 pM. The mechanism of neuroprotective function of Fullerol-1
against GNT remains to be determined. (Supported by grants from Office of
Naval Research; NIH, NS2O978; and NSF, BNS-8820581)

Univ., Durham, NC 27710
Cytoskeletal alterations occur in a variety of toxicant-induced
axonopathies and may play a critical role in axonal degeneration. A single
exposure to compounds such as diisopropyl phosphorofluoridate (DFP) can
produce OPIDN, characterized by ataxia progressing to paralysis with a
central-peripheral distal axonopathy. We previously demonstrated
cytoskeletal aggregations, labeled by antibodies recognizing phosphorylated
neurofilaments (PNF) and CaM kinase II (CaMKII), occur in axons early in
OPIDN. The immunoreactivity for PNF and CaMKII is lost prior to the
appearance of axonal varicosities characteristic of the late stages of OPIDN.
To further characterize cytoskeletal alterations in this axonopathy, sections
of spinal cord from control hens, and hens killed 3,1, 10, 14 and 21 days
after administration of 1.7 mg/kg DFP, were stained with a monoclonal
antibody recognizing the alpha and beta subunits of tubulin. In control
animals, the tubulin antibody labels the central core of axons, similar to
PNF and CaMKII antibodies. The tubulin antibody also labels the
cytoskeletal aggregations detectable in axons in early stages of OPIDN.
But unlike PNF or CaMKII, tubulin immunostaining persists in many
prominent axonal varicosities characteristic of late stages of OPIDN. These
observations indicate that neurofilaments and tubulin are differentially
altered in OPIDN.
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-independent
dna fragmentation
and free
RADICAL FORMATION PRODUCED BY 2-IMINOTHAZOLIDINE-4CARBOXYLIC ACID (2-ICA):
A NOVEL HIPPOCAMPAL
NEUROTOXIN.
R. S. Bitner*. G. K. W. Yim and G. E. Isom. Dept.
Pharmacology and Toxicology, Purdue University, W. Lafayette, IN 47097.
We previously demonstrated that 2-ICA., a minor metabolite of cyanide,
produced seizures in mice that were qualitatively and quantitatively similar to
seizures observed with glutamate and were blocked by glutamate antagonists.
Unlike known glutamate neurotoxins, 2-ICA administered i.c.v. produced
lesions primarily confined to the CA1 region of the hippocampus, similar to
animal models of transient global ischemia (Bitner et al., Neurotoxicol.
16:115, 1995). Failure of MK-801 or CNQX to protect against 2-ICA lesions
suggested that a glutamate receptor-mediated mechanism was not involved in
2-ICA neurotoxicity. Because excitotoxicity is normally associated with
delayed necrotic cell death, the goal of this study was to determine if 2-ICA
produced apoptotic neuronal death, which recently ha^ been implicated in CA1
lesions of transient global ischemia. Using a modified TdT dUTP nick end
labeling (TUNEL) method, we showed that an i.c.v. injection of 2-ICA (3.2
pmol) in mice produced DNA fragmentation primarily in CA1 hippocampal
neurons. We also found that 2-ICA (0.32-3.2 mM) increased the rate of
formation of reactive oxygen species (ROS) in acutely dissociated neuronal
culture using the fluorescent probe 2',7'-dichlorofiuorescein. Consistent with
an excitotoxic-independent action, the increased rate of formation of ROS by
2-ICA was not significantly reduced by MK-801 (1.0 pmol), but was blocked
by the free radical scavengers, n-acetyl-L-cysteine (100 pmol) or catalase
(100 U/ml). These results suggest that 2-ICA hippocampal CA1 damage may
be due to DNA fragmentation caused by the formation of ROS and that 2-ICA
may be useful in studying the role of apoptosis in hippocampal
neurodegeneration. (Supported in part by NIEHS grant 04140).
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CALCIUM-ACTIVATED

METALLOPROTEASE

Riekkinen Sr and M.

Saarma.

TRANSIN/

Institute of

Biotechnology, University vf Helsiski, Helsinki, FIN-00014, Fislasd.

Tbassis/strvmelysis is a neutral calcium-dependent metalloprotease
(EC.3.4.24). It is knows to be induced both on mRNA and protein level in rat
pheochromocytoma PC12 cells during differentiation with serve growth factor.
As it degrades type IV collagen, laminin and fibronectis this suggests that
transin may function to degrade the surrounding extracellular matrix during the

invasive process of axonal elongation in neuronal development thereby
allowing the movement of growth cones and axons toward specific targets. We

were interested whether transin is expressed in adult brain and could it be

regulated by neuronal activity ? As a model for neuronal activity we used
seizures induced is rats by injection of glutamate analogue kainate or GABA

receptor channel blocker metrazol (pentylenetetrazol). Kainic acid, but not

metrazol-induced seizures lead to the induction of trassin mRNA. Trassin
mRNA was induced is CA1 region of hippocampus, cortex, piriform cortex and

amygdala region as revealed by in situ hybridization. The induction of transis
mRNA by kainic acid was mediated by NMDA receptor and was dependent os
protein synthesis. One of the possible plasticity related functions of this trassin

induction could be release of protease is the axon endings promoting sprouting

induced by kainate. Another possibility is that transin induction by kainate may
play role in neuronal damage. Differently from several other genes regulated by

neuronal activity transin was not induced by metrazol and seizure activity
induced by metrazol is known not to produce neuronal damage. Simultaneous
DNA fragmentation in the brain regions of transin mRNA expression indicates
the possible role of transin in apoptosis occuring during kainic acid-induced

fosc-fos knockout mice are used to study the
c-fos is kainic acid-induced transis mRNA induction.

seizures. Trassin mRNA is known to be regulated by fos-dependent and

independent pathways. Currently
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REGIONAL SPECIFICITY OF INCREASED BASIC FIBROBLAST
GROWTH FACTOR (FGF-2) IN ALZHEIMER’S
DISEASE.E.G.
Stopa*. V. Kuo-LeBlanc, M. Rodriguez-Wolf, M. Vitek, M. Kohls. A.M. Gonzalez
and A. Baird. Brown University, Providence, RI, The Picower Institute,Manhasset,NY
and The Scripps Research Institute, La Jolla, CA.
Basic fibroblast growth factor is increased in the prefrontal cortex and hippocampus
of Alzheimer(AD) brains (Stopa et al.,BBRC 171:690-696,1990).Both of these
regions are known to be severely affected in AD.It was therefore unclear whether
bFGF would be increased in less affected areas such as the striatum.
In this study, we utilized immunodensitometry to quantitate bFGF in areas severly
afected by AD: amygdala=a, A1O,A2O and hippocampus=h,and areas which are less
severely involved by the disease:A42. and striatum=s,in 14 control and 14AD
patients.Immunodensitometry was also performed for synaptophysin and B
amyloid.The immunocytochemical procedures utilized specific antibodies raised
against bFGF(773), synaptophysin (Biogenex) and B amyloid (GE10).Densitometry
measurements of reaction product were accomplished using NIH Image 1.51 and
averaging data from 10 randomly selected 400X microscopic fields in each respective
area. Immunodensitometry measurements for bFGF expressed as AD positive
pixels/control positive pixels indicated a roughly 2-fold increase in affected areas
A10=3.4,A20=2.8,a=2.1,h=2.2 vs less involved regions A42=l.24 and s=1.7.
Immunodensitometry measurements for synaptophysin were consistent with synaptic
loss in all brain regions: A10=.92andA20=.98 vs A42=.93and s=.97. Similar
measurements of the amyloid burden indicated an increased deposition of Beta amyloid
:A1O=66.3,A2O=21.0,a=33.Oand h=41.7 vs A42=8O.4and s=12.5.
These data indicate that bFGF is preferentially increased in brain
areas severely affected by AD and suggest that this increase may be
related to multiple factors including synaptic loss and B amyloid
deposition.(AG10682)(DK18811)
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DIFFERENTIAL BRADYKININ-INDUCED CA;+ ELEVATION IN FIBROBLASTS FROM
ALZHEIMER’S vs. control
donors
. N. Hirashimaf . R. Etcheberrigaravt. M.

Racchitf, S. Bergamaschii, F. Battainii. S. Govonij and D.L. Alkont* -tLaboratory
of Adaptive Syjtnmy-NINDS, National Institutes of Health, Bethesda MD 20892 and

^Pharmacological Science Institute, University of Milan, Italy.
A number of studies have indicated that non-neural tissues of Alzheimer’s
Disease (AD) patients exhibit alterations at the cellular and molecular level. We
have recently identified molecular alterations in fibroblasts from AD patients
including: functional absence of a ~ 113 pS TEA-sensitive K+ channel, enhanced
bombesin-induced Ca2+ release, and reduction of Cp2O (a memory-associated GTP
binding protein). This study explores the bradykinin(BK)-IP3 induced Ca2+ release
in a new and extended population of AD and control donors. Fibroblasts were
obtained from the Coriell Cell Repositories and from the Sacred Heart Hospital of
Brescia, Italy. Cells were used three to four days after seeding, at comparable levels
of confluence (« 60 to 80 cells per mm2). Fluorescent images (fura 2-AM) at 340
and 380 nm were acquired at a rate of 2/sec. for 200 sec, with a Hamamatsu Argus
50 system. Stimulation with 100 pM BK elicited virtually no responses from control
cells (N= 11 cell lines), with only one cell line responding (expressed as % of
responding cells). In contrast, 12 out of 14 AD cell lines had clear responses, p <
0.001 (Mann Whitney). The difference between the two groups analyzed by a
contingency table (response/no response) was also highly significant, p < 0.0001
(Fisher’s exact test). Cell lines from "escapees" showed responses similar to those of
control cell lines. Bk concentrations of 1 and 10 nM, elicited similar responses in
AD and controls. These observations confirm and extend our previous results
indicating that ^-mediated Ca2+ release is enhanced in AD fibroblasts. In addition,
these results provide another parameter whereby AD patients might be
diagnostically differentiated from controls.
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ALTERED PRESYNAPTIC PROTEIN NACP IS ASSOCIATED WITH
PLAQUE FORMATION IN ALZHEIMER’S DISEASE. T. Saitoh*. A. Iwai.

NACP, THE PRECURSOR PROTEIN OF NON-Ap COMPONENT OF
ALZHEIMER’S DISEASE AMYLOID, BINDS Ap THROUGH THE
HYDROPHOBIC REGION AND STIMULATES Ap AGGREGATION.
M. Yoshimoto*. A. Iwai. D. Kang. D. A. C. Otero, Y. Xia. and T. Saitoh. Dept, of

M. Mallory and E. Masliah

Dept of Neurosciences, Sch. of Med.,

Univ. of California-San Diego, La Jolla, CA
92093
We have recently identified, in the brain tissue of patients .
afflicted with Alzheimer’s disease (AD), the non-Ap component of
AD amyloid (NAC) as a new constituent of amyloid. NAC is derived
from a larger precursor, NACP, a presynaptic protein. The
semiquantitative immunoblotting demonstrated that the proportion

of NACP/synaptophysin was more than double in the AD frontal
cortex as compared to controls. NACP was localized to approximately
80% of the synaptophysin-immunoreactive boutons, presumably
the presynaptic terminals, and to the dystrophic neuritic component
of the plaques. Although the overall numbers of NACP-positive

boutons were decreased, there was a significant increase in the
intensity of NACP-immunoreactivity per bouton in AD. This
increased intensity of immunoreactivity of boutons in AD was not
observed
with
anti-synaptophysin,
consistent
with
immunoblotting-based quantification.
Antibodies against NAC
immunoreacted with amyloid in 35% of the diffuse plaques and 55%
of the mature plaques. Normal aged control brains containing small
groups of diffuse plaques were negative with anti-NAC. Doubleimmunolabeling studies with Ap antibodies showed that NAC
immunoreactivity is more abundant in the center portion of amyloid
than in the periphery.
These studies suggest that there is a
connection between metabolism of presynaptic proteins and amyloid
formation, and that NAC might follow diffuse Ap accumulation
resulting in the formation of compact amyloid and mature plaques.

Neurosciences, University of California, San Diego, La Jolla, CA 92093-0624
NAC (Non-Ap Component of Alzheimer's Disease Amyloid) is a peptide
isolated from and immunologically localized to brain amyloid of patients
afflicted with Alzheimer's Disease (AD). Molecular cloning of a cDNA
encoding NAC has shown that NAC was derived from its precursor protein,
NACP, of 140 amino acid residues. We found that NACP produced in E. coli
bound with Api-38 and Ap25-35 immobilized on nitrocellulose, but did not
bind with Api-28 under the same conditions.-The NACP binding to Api-38
was abolished by the addition of Ap25-35, but not by Api-28, suggesting
that the hydrophobic region of the Ap peptide is critical to this binding.
NACP8, a deletion mutant of NACP lacking the NAC domain, did not bind
with Api-38. Furthermore, the binding between NACP and Api-38 was
decreased by the addition of peptide Y, a peptide which covers the last
fifteen residues of NAC. These data indicate that NACP and Ap peptides
bind through the interaction between the C-terminal portion of NAC and the
25-35 region of Ap peptides. In an aqueous solution, NACP formed an SDS
insoluble complex with Api-35 after incubation at 37°C for 72h, with a molar
ratio of i:i. Api-38, on the other hand, formed an SDS insoluble aggregate

when incubated with NACP at a ratio of i:i25 (NACP:Ap), while Api-38
alone or NACP alone did not aggregate under the same conditions. Thus
NACP can bind Ap peptides through the specific sequence and can
promote Ap aggregation. These data suggest that NAC or NACP may be
involved in the process of amyloid formation from Ap. This work has been
funded by Alzheimer's Disease Research, a program of the American Health
Assistance Foundation, and NIH grant AG05i3i.
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INDUCTION OF HEME OXYGENASE-1 mRNA IN CEREBRAL
VESSELS AND NEOCORTEX IN ALZHEIMER'S DISEASE.
D.R.D. Premkumar*. M.A. Smith. R.K. Kuttv. B. Wiggert. G. Perry
and R.N. Kalaria. Departments of Neurology and Pathology, Case
Western Reserve University, Cleveland, Ohio and The National - Eye
Institute, National Institutes of Health, Bethesda, Maryland, USA
Previous studies demonstrated the specific association of heme
oxygenase-1 (HO-1) protein to the pathological lesions present in
Alzheimer’s disease (AD). In this study, we used reverse transcription
-polymerase chain reaction methods to show the increased expression
of HO-1 but not heme oxygenase-2 (HO-2) mRNA transcripts in
cerebral cortex and cerebral vessels from subjects with AD compared
to age-matched non-AD controls. Neither HO-1 nor HO-2 mRNA was

DECREASES IN CEREBRAL HEMOGLOBIN OXYGENATION DURING
BRAIN ACTIVATION IN PATIENTS WITH ALZHEIMER'S DISEASE
MONITORED BY MEANS OF NEAR INFRARED SPECTROSCOPY (NIRS)
- CORRELATION WITH SIMULTANEOUS rCBF-PET MEASUREMENTS.
C. Hock*1, F. Muller-Spahn1, K. Vilirlnqer3, H. Heeeeree2, A. Ghidda2, R,

altered in the cerebellar samples; a brain region usually spared from
the pathological alterations of AD. There was no clear evidence that
the expression of HO-1 in these tissues was related to postmortem
interval, the age of subjects or any known premortem agonal factors.
The specificity of our observations was further verified by the
demonstration of unchanged B , actin mRNA transcripts but increased
GFAP mRNA in tissues from AD subjects compared to controls. Our
findings indicate the specific induction of HO-1 mRNA and increased
expression of HO-1 protein in neocortex and cerebral vessels but not
HO-2, and suggest that oxidative stress is important in the pathogenesis
of AD.
Supported by grants from NIA and ADRDA.

Stormer2. S. Schuh-Hofer2, U. Dirnaal5, A. Villrinqer5, S. Minoshima4. S.
Ziegler3, M. Schwaice^. Depts. of Psychiatry, University of Basel1,
Switzerland, and Munich, Germany, Depts. of Nuclear Medicine, Technical

University of Munich and Ann Arbor4, Michigan, Dept, of Neurology,
Humboldt University of Berlin, Germany.
We applied a dual channel NIRS system using two pairs of optodes
placed on the left parietal cortex and on the left frontal cortex to study non-

invasively changes in cerebral hemoglobin oxygenation during activation of
brain function in patients with Alzheimer's disease (AD) compared to
controls. Healthy elderly subjects (n=8, age 60 ± i5) showed increases in
oxygenated hemoglobin [HbQ2] as well as total hemoglobin [HbT| in both
frontal (mean (arbitrary units) ± SEM, 2.00 ± i.45 and 2.37 ± i.99,
respectively) and parietal cortex (i.26 ± i.03 and 0.23 ± 0.88, respectively)
during performance of a verbal fluency task. In contrast, AD patients (n=i0,
age 65 ± i3 years) showed decreases in [HbO2] and [HbT] in the parietal

cortex (-2.48 ± 0.9i, p<0.02, and -3.37 ± i.i3, p<0.05, respectively) and,
simultaneously, increases in [HbO2] and [HbT] in the frontal cortex (i .40 ±
2.56 and 0.3i ± 3.30, respectively). Simultaneous NIRS and (0i5-H20-)
PET measurements during brain activation (stroop test, n=i0) showed that
PET rCBF changes were paralleled by changes in [HbT] as measured by
NIRS. Modeling the spatial relationship of the NIRS-measurements to the
PET-image revealed best correlation assuming a NIRS sample volume
covering approximately the outer i .6 cm of the brain cortex beneath the
optodes (r=0.7i, p=0.02i). Regional decreases in cerebral [HbT] and rCBF
during activation of brain function in patients with AD may contribute to the
development and the time course of neurodegeneration.
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MP MRS IN VITRO STUDY OF GRADED HYPOXIA IN FISCHER 344
RATS. R.J. McClure*, X.__ Panchalingam, W.E. Klunk and J.W.
Eettegrew. Lababoratory ofNeurophysics, University of Pittsburgh Medical

POSTISCHEMIC DEPLETION OF GFAP REACTIVITY IN HIPPOCAMPAL ASTROCYTES IS PREVENTED BY HWA285

Center, W.P.I.C., Pittsburgh, PA 15213.

Episodes of mild to moderate energetic stress could, in some individuals,
trigger molecular and metabolic events that result in the biochemical findings
in the brains of Alzheimer’s disease (AD) patients. In this study we
determined die phospholipid and high-energy phosphate metabolite levels by
31P MRS at 11.7 Tesla of perchloric acid brain extracts of Fischer 344 rats
that had been exposed to graded hypoxia. New bom, 5 and 10 day, I, 2,
12, and 24 month old rats were studied after 0, 15, ' 30, 60, 120, 300, and
600 seconds of acute hypoxia. Levels of a-glycerol phosphate (a-GP) and
inositol-1-phosphate were elevated after 30 seconds of hypoxia, the greatest
effect was seen in young animals. a-GP is present in very low levels in new
born to 10 day old animals. Phosphocreatine (PCr) levels were found to
decrease after 30 seconds of hypoxia in all' age groups.
There is a link
between phospholipid and high-energy metabolism which is seen in the linear
correlation between PCr and a-GP levels. These correlations for the
different age groups are: new born, 5 and 10 day (p=0.001, r=^).84); 1
and 2 month (p=(^.(0)01, r=^3.92); and over 12 month (p=0.001, r=0.75). The slope of the linear regression line for these PCr and a-GP
correlations increases with age which suggest that the older animals are
more susceptible to energetic stress. This connection between energetic
stress and alteration in membrane phospholipid metabolism may be relevant
to the pathophysiology of AD.
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University of Goteborg Sweden 41390, 2Max - Planck Institute of
Psychiatry Martinsried Germany, 3Hoechst Ag Frankfurt a.M. Germany

Transient (5 min) forebrain ischemia causes a reactive hypertrophy of
astrocytes in the gerbil hippocampal CA1 area, reflected by an increased
immunoreactivity for glial fibrillary acidic proteins (GFAP) at the 2nd
postischemic (p.i.) day. In animals developing complete nerve cell death,
this is followed by a depletion of GFAP staining in the CA1 stratum
radiatum which appears at the 7th p.i. day as a demarcated area with a
complete loss of cellular and neuropil staining. We have previously
observed that pre-treatment with the neuroprotective pharmacon
propentofylline (HWA285) interferes with the initiation of the astrocyte
reaction preventing the ischemia-induced increase of GFAP staining.
However, daily post-treatment with HWA285, started at the 2nd p.i. day
was found in the present study to prevent the consecutive fading of the
GFAP reactivity completed at the 7th p.i. day in -the CA1 area. Here, a
maintained strong GFAP staining was observed in process-bearing
astrocytes, whereas neuronal damage was not prevented (as verified by
MAP2 staining). We have emerging evidence that chronic HWA treatment
increases Gf Ap reactivity in cultured astrocytes and reinforces the
development of potentially neuroprotective properties by strengthening the
cAMP signalling, whereas microglial activation and APP immunoreactivity are suppressed. Such a pharmacological conditioning of glial cell
may provide protection against progressive, but less dramatic neuronal
death than induced by ischemia, e.g. in Alzheimer or Parkinson patients.
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ALPHA-1 ANTICHYMOTRYPSIN IN HUMAN OLFACTORY BULB.
RG.
Struble* D. Bavlev. M Ghobrial.
Southern Illinois
University School of Medicine. Springfield, IL. 62794
Alpha-1 antichymotrypsin (ACT) is associated with
senile plaques and amyloid deposition, the classic
markers for Alzheimer’s disease (AD). One hypothesis in
AD is that senile plaques are sites of abortive sprouting
representing dysfunctional control of regeneration. We
hypothesized that if■ACT is involved in regeneration, we

CHRONIC EXPRESSION OF PLATELET ACTIVATING FACTOR (PAF) AND
CLUSTERIN IS ASSOCIATED WITH NEURODEGENERATION IN RAT BRAIN
FOLLOWING EPILEPTIFORM SEIZURES. Bennett. S.A.L.1,2*- Tenniswood.
M.P.R. 1 and Roberts. D-C-S-2. ^lton Jones Cell Science Center, Lake Placid, NY,
USA, 12946; 2Life Sciences, Carleton University, Ottawa, Ont., Canada, K1S 5B6.
Pro-inflammatory molecules are associated with the principal lesions of a wide
variety of progressive neurodegenerative disorders. It is unclear whether induction of
inflammatory response molecules in the central nervous system precedes lesion
formation or is a consequence of chronic exposure to non-degradable plaque elements
(i.e. Periodic acid Schiff (PAS) + material). In the present study, we have investigated
the relationship between clusterin, PAF, and the development of PAS + lesions
following limbic status epilepticus. Clusterin is a complement regulatory protein and
a prominent marker of neurodegeneration and apoptosis. PAF is a potent proinflammatory autacoid implicated in mediating ischemic injury and convulsive
activity. In the present experiments, epileptiform seizures were elicited in male Wistar
rats by IP administration of 10 mg/kg kainic acid. Brain sections were processed at
various time points after seizure induction for PAS histochemistry and clusterin, PAF,
and PAF receptor (PAFR) expression by immunohistochemistry and in situ
hybridization. Apoptosis was determined by in situ TUNEL labelling and by
evaluating DNA fragmentation. RNA was extracted from unfixed tissue blocks and
regional changes in PAFR and clusterin mRNA expression evaluated by Northern
analysis and RT-PCR. Results demonstrate that epileptiform seizures induce both
programmed cell death and PAS staining 24-168 hr after seizure onset. Of significant
interest was the finding that changes in PAF and PAFR expression were correlated
with subsequent alterations in clusterin expression, PAS staining, and apoptosis.
Transient PAF and PAFR expression preceded transient clusterin expression in areas
that demonstrated only limited cell loss. Chronic PAF and PAFR expression occurred
in those areas expressing clusterin at later time points exhibiting substantial cell loss
and PAS+ lesions. These data suggest that chronic exposure to pro-inflammatory
agents precedes and may, in fact, contribute to the etiology of neurodegenerative
lesions. (Supported by M-R-C-)

should find it in olfactory bulb of normal controls. The
olfactory bulb is unique because the olfactory nerve
regenerates continuously throughout the life of the
organism. We therefore examined the immunohistochemical
localization of ACT in olfactory bulbs in humans ranging
in age from 1 year to 85 years. We found that ACTcontaining perikarya, probably glia, were consistently
found in regions where axonal growth could be inferred.
ACT immunoreactive glia were distributed around the
olfactory nerve as it entered to bulb and throughout the
granule cell layer*, both regions rich in GAP43. We
conclude that ACT is present in sites of axonal growth.
ACT’s presence in senile plaques may represent localized,
abortive sprouting. If this hypothesis is correct, then
treatments
to
induce
axonal
growth
may
be
counterproductive in arresting the progression of
Alzheimer’s disease. Supported by NIA grant #P30 AG08014.
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ANTI-MICROGLIA ANTIBODIES IN SERA OF ALZHEIMER'S
PATIENTS. MR. Lemke*, M. Glatzel, A. Henneberq.
Dept.
Psychiatry,
Medical
Center,
D-85049
Ingolstadt, Germany (M.JR.L. ), Dept. Neurology,
Ulm University, D-89070 Ulm, Germany (M.G.,A.H.)
Objective:
Immune mechanisms seem to be
involved in tissue destruct i on in Alzhei^r's
disease (AD). There is evidence indicating the
importance of microglia in AD. In brains of AD
patients the presence of complement components
has
been
documented,
that
are
typically
activated by immune complexes. Therefore, sera
of AD patients were tested for antibodies
against various brain structures.
Method: In patients (n=3O) with AD (according
to DSM-III-R and NINCDS-ADRDA criteria, M4SS<16)
and matched controls
(n=3O,
—S<24)
serim
antibodies were m^^^ured using an
indirect
immuuofluorescence test as published previously.
Results:
In
nine
patients
perinuclear
antibodies against microglia were found
in
amygdala and frontal cortex. Only one of the
controls showed antibody binding to microglia.
Conclusions:
The
results
support
the
hypothesis of involvement of immune mechanisms
in AD. Perinuclear antibodies to microglia may
play a role in tissue destruction of AD. Whether
these findings are specific for AD or represent
a subgroup of AD needs further evaluation.

EFFECT OF ATP DEPLETION ON THE ACTIVITY OF PK40e*2 in
DIFFERENTIATED PC 12 CELLS: IMPLICATION FOR
ALZHEIMER'S DISEASE. Y.Luf R.Mehra, L.Butler. V.M.Ingram .
Dept, of Biology. Massachusetts Institute of Technology. Cambridge.
MA 02139.
Hyperphosphorylated TAU is a major constituent of tangles found in
Alzheimer brains; ATP is depleted in such brains. We previously
reported that the brain protein kinase PK<Ork2 can hyperphosphorylate
TAU to resemble Alzheimer TAU, as found in the tangles; it is strongly
inhibited by free ATP in excess over MgATP. The mitochondrial
uncoupler FCCP will deplete ATP levels in differentiated PC 12 cells.
(1) While in-gel kinase assays show that FCCP treatment abolishes the
activities of 4 MBP protein kinases by an unknown mechanism, the
same assay shows the activity of another kinase to be unaffected. This
appears to be PK40erk2 by Western blot, and by in-gel assays with
hTau4O or neurofilament proteins as substrates. The increased in-vivo
activity of a neurofilament kinase reported by us [Bush et al.,PNAS
1995, 92:1861] is therefore likely to be due to up-regulation of the
kinase in the cell by ATP depletion [release from partial inhibition]. The
PK40erk2 assay of ERK2-specific immune-precipitates from extracts of
treated cells also shows no in-vitro increase of kinase activity. FCCP
does not increase synthesis or tyrosine phosphorylation of PK4CFk2
(2) FCCP treatment increases, mechanism unknown, the amount of
protein phosphatase PP2A in extracts. This may account for the increase
in the dephosphorylated TAU-1 epitope, reported by us earlier. The
results explain the late onset of TAU hyperphosphorylation in Alzheimer
disease and suggest a novel mechanism for the regulation of certain
kinases.
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ACTIVATION OF POSTSYNAPTICALLY SILENT SYNAPSES
DURING PAIRING-INDUCED LTP. D. Liao* & R. Malinow. Cold
Spring Harbor Laboratories, Cold Spring Harbor, NY and *Dept. of
Physiology & Biophysics, U. of Iowa, Iowa City, IA..
We have tested the hypothesis that in the CA1/subiculum region
of hippocampus there exist synapses with only NMDA receptors
(and thus effectively silent at resting potentials), and these
synapses acquire AM PA responsivity after LTP. Consistent with
this hypothesis, more synaptic failures were observed at
hyperpolarizing (-65mV) than at depolarizing (+55mv) holding
potentials (n=25, 52.7+4.6% Vs 20.0+2.7%). The difference in
failure rate at -65mV and +55mV was blocked by 100 pM AP-5,
(n=5). To stimulate just pure NMDA synapses, a (subminimal)
stimulus can be set so that all trials produce failures at -65mV, but
responses are seen at +55mV. We recorded 100 consecutive trials
at -65mV with a subminimal stimulus. Pairing depolarization with
the same subminimal stimulus produced subsequent synaptic
responses at -65mV (12 of 22 experiments compared to 3 of 17
with no pairing; p < 0.05, Chi-test). In other experiments we could
identify failures at hyperpolarizing and depolarizing potentials
before and after LTP. After LTP there was a significant decrease in
failure rate at hyperpolarized potentials, but no significant change
at depolarized potentials (56±6% to 34+6% at -65mV vs 19+4% to
22+5% at +55mV; n=12).

LOW FREQUENCY STIMULATION INDUCES HOMOSYNAPTIC LTD IN
THE CA1 REGION OF THE ADULT HIPPOCAMPUS IN VIVO. A.J.
He^mem MF. Bear* and W.C. Abraham. Department of Psychology,
University of Otago, Dunedin, New Zealand and Department of Neuroscience
and HHMI, Brown University, Providence, RI 02912
Previous in vitro studies have demonstrated that low frequency stimulation
(LFS; 1-5 Hz) of the Schaffer collaterals induces long term depression (LTD) of
synaptic responses in CA1. This synaptic modification is input-specific,
frequency-dependent, reversible and dependent upon N-methyl-D-aspartate
(NMDA) receptor activation. Although homosynaptic LTD is now well
characterized in hippocampal slices obtained from juvenile animals, it remains
controversial whether LTD occurs in the CA1 region of adult hippocampus in
vivo. The purpose of the present study was to examine LFS-induced LTD in
the Schaffer collateral synapse in the intact preparation. Adult male Sprague
Dawley rats (250-40U gm) under pentobarbital anesthesia (65 mg/kg) had
recording and stimulating electrodes positioned in the stratum radiatum of one
hemisphere. Field excitatory postsynaptic' potentials (EPSP; 2-8 mV) were
monitored for 30 minutes prior to application of LFS (900 pulses @ lHz). A
lasting depression of synaptic responses was consistently observed following
LFS (EPSP slope at 30 min post LFS = 84.1 ± 4 % of baseline; n = 9). LFSinduced LTD could be reversed by subsequent application of high frequency (100
Hz) stimulation. Repeated episodes of LFS saturated LTD (75.3 ± 3 % of
baseline; n = 5). LTD wasinput-specific (homosynaptic), as responses to
stimulation of afferents originating in the contralateral hemisphere (commissural
input) remained unaffected by LFS of the Schaffer collateral input. Experiments
in progress indicate that induction of LTD is frequency-dependent and requires
NMDA receptor activation. Together, these results demonstrate that the
properties of homosynaptic LTD observed in vitro also apply to the adult
hippocampus in vivo. Supported in part by grants from the NZ Health
Research Council.
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HETEROSYNAPTIC

LTP

AND

LTD

OCCUR

IN

ASPINOUS

CA1

INTERNEURONES. C . Stricker*. L. Reece. A.I. Cowan and S.J. Redman. Div.

Neuroscience, John Curtin School of Med. Res., Australian National University,
Canberra, Australia.
Synaptic specificity of LTP in CA1 pyramidal neurones has been attributed to
compartmentalization of calcium in the spines associated with the activated
synapses. This hypothesis was examined by testing for synaptic specificity at
excitatory synapses on interneurones located in the CA1 pyramidal cell layer

which are largely aspinous1. A standard hippocampal slice preparation from
young rats (17-24 days) was used, maintained at 30 C. and bicuculline (10pM)

was added to the Ac Sf .

Intracellular recordings from interneurones were

distinguished from recordings from pyramidal neurones by their short spike
duration (< 1ms), pronounced spike afterhyperpolarization and lack of spike
adaptation to a maintained current step.
EPSPs were evoked from two
stimulation sites in stratum radiatum: one near the cell body layer and the other
adjacent to stratum moleculare. Stimulus strengths were adjusted to evoke
EPSPs in the range 1-5 mV. EPSPs were evoked from each input at 0.5 Hz to
obtain baseline responses.
Independence of the two inputs was
demonstrated by lack of occlusion when both inputs were stimulated
simultaneously. One input was then tetanised at 100 Hz in five bursts of 20-40
stimuli while the stimulus was abolished from the other input.
During
conditioning the cell was depolarized until it discharged at a high frequency.
Conditioned responses for both inputs were then recorded at 0.5 Hz for at least
30 mins. When one input was conditioned (n=21), the non-conditioned EPSP
potentiated (10), depressed (7) or did not change (4). The conditioned
EPSP potentiated (6), depressed (10) or did not change (5). The frequency of
these various outcomes was independent of whether the conditioned input
was proximal or distal from the soma. The heterosynaptic LTP observed in
these interneurones supports the hypothesis that spines confer synaptic
specificity to LTP in pyramidal cells.
1Schwartzkroin, P.A and Kunkel, D.D. (1985). J. Comp. Neurol. 232, 205-218

788.5

INDUCTION OF HEBBIAN AND NON-HEBBIAN LTP AT THE
HIPPOCAMPAL MOSSY FIBER SYNAPSE BY DISTINCT PATTERNS OF
HIGH FREQUENCY STIMULATION. N.N. Urban* and G. Barrionuevo Dept, of

Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.

Long trains of high frequency tetanic stimulation (L-HFS, 100 pulses at 100 Hz)
delivered to the hippocampal mossy fiber (MF) input to CA3 pyramidal cells induce a
form of LTP not requiring post-synaptic activation, Le. a non-Hebbian form of LTP.
Specifically, MF-LTP induction by L-HFS is unaffected by blockade of ionotropic
glutamatergic synaptic transmission during tetanus by 10 mM kynurenic acid (Kyn)
(Castillo et al. Neuron 12:261), postsynaptic membrane potential, calcium chelation and
CA3 cell dialysis (Zalutsky & Nicoll, Science, 248:1619, Katsuki et al., Neurosci Res.
12:393, Langdon et al., J. Neurobiol. 26:370).
We reported (Soc. for Neurosci. Abstracts 20:302.13) that brief-HFS (B-HFS, 8
pulses at 100 Hz, 10 times at 0.2 Hz) reliably induces an NMDA-independent form of
MF-LTP that is inhibited by whole-cell dialysis. We hypothesized that MF-LTP induced
by B-HFS represents a Hebbian form of LTP (Jaffe & Johnston, J. Neurophysiol.
64:948). We now report that, in contrast to L-HFS, B-HFS fails to induce MF-LTP in
the presence of Kyn. (Post B-HFS amplitude = 97% of control, N=I5). MF-LTP was
induced by B-HFS after wash out of Kyn (208% of control, N=I3). This result suggests
that B-HFS induced MF-LTP requires the activation of the postsynaptic CA3 cell. In 5
additional experiments, NMDA receptors were blocked by both 10 pM MK-801 and 25
pM D-APV, cells were whole-cell voltage clamped at -80 mV, and dialyzed for at least
25 min with BAPTA (1 mM) and CsF (120 mM). In these experiments, B-HFS induced
LTP (161% of control) of the field EPSP but not of the simultaneously measured MFEPSC (93% of control). Taken together these data demonstrate that both Hebbian and
non-Hebbian forms of NMDA-independent LTP can occur at the MF-CA3 synapse; BHFS induces a Hebbian form of LTP while L-HFS also can induce a non-Hebbian form
of LTP. Supported by a Howard Hughes Medical Institute Predoctoral Fellowship and
NS 24288
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SELECTIVE RECRUITMENT OF AMPA RECEPTOR
MEDIATED
CURRENT DURING LTP IN MEDIAL PERFORANT PATHWAY OF
RAT DENTATE GYRUS. S. Wane* and J.M. Woitowicz. Department
of Physiology, University of Toronto, Toronto, Canada, M5S 1A8
Whether long-term potentiation (LTP) is due to enhanced AMPA
receptor mediated current alone or due to the enhancement of both
AMPA and NMDA receptor mediated currents is controversial. In
this study, we examined the medial perforant pathway synaptic
transmission during LTP to address this issue. Whole-cell voltage
clamp recordings were made in rat dentate granule neurons in a
standard hippocampal slice preparation. Synaptic currents were
evoked by stimulating the medial perforant pathway in the middle
third of the dentate gyrus molecular layer. Membrane potential was
held at -65 to -75 mV. Double exponential curves fitted to the
decay phase of the responses revealed a large fast component and
a small slow component. Using pharmacological agents we
demonstrated that the small component, constituting 14±7%
(n = 8) of the total response, represents the NMDA current. LTP was
induced by four brief trains of stimuli at 100 Hz, paired with
postsynaptic depolarization to -20 mV. The success rate of inducing
LTP in individual granule neurons was only 42% but the average
magnitude was large. In a representative series of nine experiments
the average potentiation was 339 ± 255%.
During LTP
expression, only the AMPA current increased while the NMDA
current was unchanged. Furthermore, the variable magnitude of LTP
was directly related to the relative size of the NMDA component
prior to induction of LTP. (Supported by MRC of Canada)

THE EXTENT OF NMDA RECEPTOR ACTIVATION DURING A TETANUS
DETERMINES WHETHER LTP IS EXPRESSED BY AMPA OR NMDA
RECEPTORS.
L. Aniksztejn and Y. Ben-Ari*. INSERM U29, 123 Bid de Port-Royal 75014
Paris (France)
Analysis whether LTP is expressed by AMPA or by AMPA and NMDA
receptors is a useful approach to determine if LTP is pre- or postsynaptically
mediated, but has given contradictatory results. We have now tested the
hypothesis that the threshold to induce LTP mediated by AMPARs differs
from that required to trigger LTP expressed by NMDARs. Extracellular
recordings were made in the CA1 hippocampal region in 03 mM Mg2+.'Ths
NMDA component of the field EPSP (fEPSPn) was isolated from the AMPA
component (fEPSPA) by adding CNQX before and 40 min after the tetanic

procedure. Three 'tetanic stimulation were applied (after the washout of
CNQX) at weak intensity, subthreshold for eliciting fEPSPn) Ow )/ or at
strong intensity which elicited fEPSPn of 03 mV (Tg). Tyy induced LTP of
fEPSPA (59 ± 8%, n=9) but not of fEPSPn (11 ± 2%). In contrast^ failed to
generate LTP of fEPSPA (9 ± 3%,n =9/13) but produced LTP of fEPSPn (89 ± 17
%). In the 4 remaining cases LTP of both components were observed. In presence
of the redox reagent DTNB (200 pM) or 7-Cl--Kyn (6 pM) which reduce
fEPSPn by 50 %, T$ produced LTP of fEPSPA (63 ± 8 %, n=6) but not of fEPSPn
(12 ± 4%). Under the same conditions, T\v generated LTP of fEPSPA of smaller
amplitude than in control (30 ± 6 %, n= 8). We conclude that i) stronger
activation of NMDA receptors during a tetanic train is required for inducing
LTP of fEPSPn than for fEPSPA; ii) there is a bell-shaped relationship
between the extent of NMDA receptor activation during the train and the
magnitude of LTP of fEPSPA. Therefore, these findings reinforce the
hypothesis that expression of LTP is a postsynaptic process.
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NMDA-MEDIATED ACTIVITY-DEPENDENT SHORT-TERM PLASTICITY OF
ELECTROTONIC COUPLING. Alberto Pereda* and Donald S. Faber Dept, of Anatomy

PRESYNAPTIC LONG-TERM POTENTIATION (LTP) OF EXCITATORY
SYNAPTIC TRANSMISSION IN SINGLE GRANULE CELLS (GCS).

& Neurobiology, Medical College of Pennsylvania and Hahneman University, Philadelphia, PA.

As reported previously discontinuous tetanic stimulation of the posterior eighth neive
produces a long-term homosynaptic enhancement of both the electrotonic and chemical
components of the mixed excitatory postsynaptic potential (EPSP) recorded from the
Mauthner(M-) cell lateral dendrite. We report here that the same tetanizing paradigm can
evoke a shorter lasting potentiation (2-10 min.), which averaged 231.4 ± 24% (± SEM) for
the electrotonic and 208.9 ± 20.4% for the chemical EPSPs (n=14) when measured right
after tetanic stimulation. These modifications were not non-specific, since the M-cell
antidromic spike, an indicator of the neuron’s input resistance, did not change significantly
(mean=100.5 ± 2.7% of control). The fact that short-term potentiation of electrotonic
coupling occurs in parallel with that of the chemical EPSP suggested that these transient
changes might have a presynaptic origin, for example, being due to an activity-dependent

increase in the presynaptic calcium concentration. To test this possibility we compared the
observed effects with those evoked by paired presynaptic stimuli. However, paired pulses
failed to produce significant changes in electrotonic transmission (mean=102.2 ± 2.6% of
control) although it strongly facilitated the second chemical response (mean=33.1 ± 7.8% of
control, n=16). In contrast, the induction of this short term potentiation rather depended
upon the discontinuous or burst-like property of the tetanizing paradigm, which optimizes
NMDA receptor activation while continuous stimulation (5OHz) fatigues chemical
transmission. Accordingly, the short-potentiation of both components required NMDA
receptor activation, as the intermittent stimulus bursts failed to induce any potentiation in
the presence of the NMDA receptor blockers APV and CPP (50-1 OOpM, n=5). These
potentiations were also blocked by intradendritic injections of the calcnum chelator BAPTA
(5mM, n=5). Thus, while paradigms known to raise the presynaptic calcium concentration
were capable of onty modifying chemical transmission, NMDA-mediated postsynaptic
increases in calcium could evoke transient changes not only in the chemically mediated EPSP
but also in electrotonic coupling.
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G.TQnq*. R.C.Malenka. C.EJahr and R.A.NIcoll. Dept, of Cellular and
Molecular Pharmacology, Physiology and Psychiatry, University of
California, San Francisco, CA 94143.

Previous studies in slices suggest that mossy fiber LTP in the hippocampal
CA3 region is induced and expressed presynaptically by increased cAMP
dependent protein kinase (PKA) activity in presynaptic terminals. We took
advantage of microdot cultures to test whether single guinea pig GCs which
form autapses show LTP. GCs were distinguished from other cells by their
L-AP4 sensitivity. Consistent with the results from the slice preparation,
tetanic stimulation (50 Hz, 1s, 4 times) in the presence of the NMDA receptor
blockers D-AP5 (50 pM) and Mg~ (1 mM) induced a sustained potentiation of
both NMDA and AMPA components of evoked excitatory postsynaptic
currents (EPSCs) that lasted at least 30 min in L-AP4 sensitive cells. In
contrast, in L-AP4 insensitive cells tetanic stimulation induced no LTP. Short
applications (2 min) of forskolin (30 pM) also induced a long-lasting
potentiation of evoked NMDA EPSCs in L-AP4 sensitive cells but a short-term
potentiation (about 10 min) in L-AP4 insensitive cells. Furthermore,
preincubating neurons with a PKA inhibitor, RP-8-CPT-cAMPS (100 pM)
blocked tetanus induced LTP. Finally, the frequency of spontaneous miniature
AMPA EPSCs was potentiated by tetanic stimulation but the amplitude of
minis remained the same. These results suggest that in single GCs, tetanic
stimulation causes a presynaptic increase in cAMP leading to a long-lasting
enhancement of transmitter release. This enhancement may be due to an
alteration of the internal machinery that controls transmitter release.
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PAIRED-PULSE FACILITATION OF DUAL-COMPONENT EPSCS IN
HIPPOCAMPAL PYRAMIDAL CELLS - IMPLICATIONS FOR LTP.
Dimitri M. Kullmann* Clinical Neurology, Institute of Neurology, Queen
Square, London WC1N 3BG, UK.

The coefficient of variation of the AM PA receptor-mediated component of
population EPSCs in CA1 cells is consistently larger than that of the NMDA
receptor-mediated component (Kullmann, 1994; Neuron 12, 1111). I have
proposed that this difference arises because AM PA receptors are absent or

non-functional at a proportion of synapses, but can be activated with the

induction of LTP. An alternative explanation, however, is that AMPA
receptors are postsynaptic to release sites with a lower average release

probability than NMDA receptors. If this were so, the paired-pulse facilitation
ratio (PPFR) of AMPA receptor-mediated EPSCs should be higher than that
of NMDA receptor-mediated EPSCs, since PPFR varies inversely with
release probability. This has indeed been described under certain conditions

(Clark et al, 1994; Exp. Brain Res. 101,272). I have tested this hypothesis
by measuring PPFR for the two components at the same synapses, by
recording from CA1 cells with whole-cell electrodes in guinea pig

hippocampal slices. EPSCs were elicited with paired stimuli in stratum

radiatum (interval: 50 ms). The AMPA component was initially recorded at a
holding potential of -80 mV, and the NMDA component was then recorded at
+40 mV in 10 pM DNQX. No difference was seen between the PPFRs for the

two components (t-test: p>0.5, n = 18). When two presynaptic stimulating

electrodes were used, the PPFR often differed between the two pathways,
but the same difference was seen whether the AMPA or NMDA component
was studied. These findings imply that AMPA and NMDA receptors are
exposed to glutamate released with the same release probability, and that

Tonic and phasic retrograde signals at CA3-CA1 hippocampal synapses
J.Noel * and A.Malgaroli Scient. Inst. S. Raffaele, Dibit, Milano, Italy
Mechanism(s) of diffusive retrograde signalling at CA3-CA1 synapses and their
importance for control and potentiated transmission are strongly debated. One
of the main argument against this hypothesis is that LTP cannot be induced if
the postsynaptic neuron is loaded with Ca2+ chelators, as nearby cells should still
deliver diffusive signals. We investigated this problem in CA3-CA1
hippocampal cultures by monitoring miniature EPSCs (minis) (0.5 pM TTx
present). Mini frequency LTP was elicited with 3 brief (200 ms) local
applications of 90 mM KC1 (388±37% potentiation at 50 min, n=9). LTP was
prevented by loading postsynaptic neurons with either BAPTA (5-10 mM;
102±3% at 30 min, n=8) or NOS inhibitors (LNA 10 pM; 134±7% at 30 min,
n=9) and by in phase application of hemoglobin (100 pM; 60 sec; 1O5±5% at
25 mm, n=lO). This strengths the idea that NO is a phasic retrograde signal
required for LTP induction, but does not exclude possible additional BAPTA
effects. We used a dual electrode recording approach to study the influence of
postsynaptic BAPTA or NOS blockers on basal synaptic activity. Minis were
monitored with a first patch pipette (WC perforated patch recording) before and
after accessing the same cell with a second WC pipette to deliver compounds.
Surprisingly, after the introduction of BAPTA, quantal frequency was drastically
reduced (300±39% reduction, n=4) and this was not seen with NOS inhibitors
(n=3). As in our culturing conditions autaptic connections are exceedingly low,
we think that BAPTA also inhibits a tonic retrograde signal, which regulates
quantal exocytosis and is presumably required for LTP. We conclude that
presynaptic terminal functioning could be modulated by different tonic and
phasic retrograde signalling mechanisms controlled by postsynaptic Ca2+.

the discrepancy between the coefficients of variation reflects a non-uniform
distribution of clusters of functional AMPA receptors.
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ACTION POTENTIALS PROPAGATING BACK INTO DENDRITES TRIGGERS
CHANGES IN EFFICACY OF SINGLE-AXON SYNAPSES BETWEEN LAYER
V PYRAMIDAL NEURONS
Henry Markram* and Bert Sakmann. Max-Planck Institute, Dept of Cell
Biology, Jahnstrasse 29, Heidelberg, D-69120, Germany.
Synaptic plasticity of single-axon (sa) synapses was examined using wholecell recordings of synaptically coupled pairs of Layer V pyramidal neurons in
the rat neocortex. Neurons were identified in slices with infrared differential
interference contrasts microscopy. Simultaneous pre and postsynaptic
depolarisation, that resulted in a burst of action potentials (APs), triggered a
long-lasting (>40 min) increase in the amplitude of saEPSPs (n=9). APs

triggered in synchrony in the pre and postsynaptic neurons by brief (5ms)
current pulses and at rates from 10 to 4OHz also resulted in a long-lasting
increase in synaptic efficacy (n=37) that was dependent upon the activation of
NMDA receptors (n=8). Postsynaptic APs in the absence of synaptic input
had no effect on saEPSP (n=6). Associative subthreshold depolarisation
(n=8) or depolarisation to around -2OmV in QX-314- loaded neurons (n=6)
during synaptic input, also failed to induce an increase in synaptic efficacy.
Indeed, strong associative depolarisation resulted in a reduction in the
amplitude of most saEPSPs. The maximum increase in synaptic efficacy
increased with frequency of synchronous pre-postsynaptic APs, while
increasing the number of APs in a burst of 2OHz did not result in larger
increases than that achieved with 2APs. Only saEPSPs that collided with the
backpropagating AP increased in synaptic efficacy while saEPSPs that arrived
10ms after the backpropagating AP were either unchanged or weakened

(n=6). These results show that the backpropagating AP is the trigger for
changes in efficacy of this synapse. The constraints of AP frequency, number
and timing suggest that connectivity only between pyramidal neurons that
obtain common synaptic input will be enhanced which may enable the
organisation of functional neuronal ensembles.

LTP INDUCED BY NITR-5 PHOTOLYSIS IN RAT CA1 HIPPOCAMPAL
NEURONS WITHOUT PRESYNAPTIC ACTIVITY:
D. Neveu1, R.C.
Malenka*2 and R . S. Zucker1. 'Neurobiology Div., Univ. of Calif., Berkeley; CA
94720 and 2Psychiatry Dept., Univ. of Calif., San Francisco, CA 94143.
A rise in postsynaptic [Ca2+], can trigger a long-lasting fonn of synaptic enhancement resembling LTP in rat hippocampal CA1 pyramidal cells (Malenka
et al., 1988). It is unclear whether this process is the same as LTP induced by
afferent stimulation. Neither its interaction with tetanically induced LTP nor its
requirement for presynaptic activity have been determined.
We used photo-activation of postsynaptically injected nitr-5 to elevate postsynaptic [Ca2], to a level of about one-half to a few micromolar. This induced
an increase in the rising slope of the EPSP obtained on stimulating Shaffer collateral afferents at 0.1 Hz. An increase of up to 140% was observed (average
66% ± 35, n = 14), and remained above baseline for the duration of long
recordings (>40 min, n=7). Similar effects were obtained when afferent stimulation was suspended for 3 min before and after the photo-stimulus, indicating
that presynaptic activity was not required for induction of this process.
When tetanically induced LTP (2-3 sets of 2 100-Hz tetani for 1-2 s separated by 20 s) of a test pathway preceded the photo-stimulus by 25-35 min, the
photo-stimulus never increased the test EPSPs; control pathways were potentiated. Occlusion of photo-activated LTP by tetanic LTP suggests that they share
common processes of induction and/or expression.
These results also suggest that at least a moderate level of LTP can. be induced without involvement of presynaptic activity. This result has implications
for models of LTP that require the concurrent action of a retrograde messenger
with presynaptic activity Supported by NIH Grant NS 15114.
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DEVELOPMENT OF PRIMARY AFFERENT COLLATERAL BRANCHES
IN THE EMBRYONIC MOUSE SPINAL CORD. S. Ozaki* & W. D. Snider,
Department of Neurology, CSNSI, Washington University School of Medicine,
St. Louis, MO 63110.
The extension of collateral branches from growing axons to their target
fields is a key event in the development of neural circuits. A favorable system
for analysis is the collateral branching of primary afferents in the spinal cord
which occurs over several segments from the point of entry of spinal axons.
Here we characterize the development of primary afferent collateral branches in
the mouse spinal cord as a framework for future studies in transgenic animals.
Primary afferent projections were visualized using Dil crystals placed in the
brachial plexus or thoracic nerves of mouse embryos aged between embryonic
day (E) 10.5 and postnatal day (P) 0. The first primary afferent axons reach the
spinal cord at E10.5 and grow rostrocaudally in the primordium of the dorsal
funiculus. At this stage axons are relatively smooth and growth cones are
prominent. There is a delay of at least 24 hours prior to elaboration of axon
collateral branches into the spinal cord. Between E12.5 and E13.5 primary
afferents develop nodes at frequent intervals, and collaterals enter the gray matter
by branching from parent axons at the site of these nodes. There were many
more nodes than collateral branches at all developmental stages. Nodes persisted
at least until P0, the latest day studied. Analysis of semi-thin sections revealed
only rare non-neuronal cells in the dorsal funiculus at the time collateral
branching is initiated. The relationship between collaterals and radial glial cells
is under study. We correlated the onset of collateral branching with expression of
neurotrophin-3 (NT-3) mRNA in the embryonic spinal cord using in situ
hybridization. NT-3 mRNA was expressed in the motor pools at El 1.5 prior to
the appearance of nodes or collateral branches, making it a candidate to regulate
axon collateral branching in this system.

PRENATAL DEVELOPMENT OF SPINAL CORD CIRCUITRY INVOLVED IN
URINARY BLADDER FUNCTION IN THE RAT. K.G . Ruit* and K.J. Townlev .
Department of Anatomy & Cell Biology, University of North Dakota School of
Medicine, Grand Forks, ND 58202.
In an effort to understand how lumbar and sacral spinal cord circuitry controlling
function of the urinary bladder develop during the prenatal period, a retrograde
fluorescent labeling technique was used to identify and describe 1) autonomic and
somatic motor neurons that provide innervation to bladder wall and sphincter
musculature, and 2) the growth of vesicle (and related) primary afferents into the
spinal gray matter. Crystals of the intensely fluorescent, lipid soluble tracer Dil
were placed in the urinary bladders of aldehyde-fixed embryos that had been taken at
different developmental stages (E13 through the day of birth) from timed-pregnant
Sprague-Dawley rats. After an appropriate incubation period, the spinal cords were
removed, sectioned, and examined by rhodamine epifluorescence microscopy.
By the day of birth, preganglionic parasympathetic neurons innervating the bladder
have elaborated dendritic arborizations that extend medially to the central canal, into
the contralateral spinal gray matter, and laterally into the lateral funiculus. Somatic
motor neurons innervating sphincter musculature are located in the ventral-most
regions of the spinal ventral horn and extend their dendrites in a medio-lateral plane
and into the lateral and ventral funiculi. Primary afferents begin to enter the spinal
gray matter on El 5, and can be divided into two groups based on their morphology,
1) larger diameter fibers that enter the spinal cord more medially and descend to
somatic motor neuron pools, and 2) smaller diameter fibers that enter the spinal cord
more laterally and ramify densely within superficial (I and II) and deep (V and VII)
laminae of the dorsal horn. The spatially- and temporally-patterned organization of
the development of these neural elements suggests that, as in other systems, the
development of spinal cord circuitry involved in bladder function may be regulated
by the expression of centrally- or peripherally-derived trophic molecules.
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TEMPORAL DIFFERENCES BUT SIMILAR DEVELOPMENTAL
STRATEGIES HIGHLIGHT THE FORMATION OF AXONAL
CONNECTIONS OF PERIRHINAL AND SOMATOSENSORY
CORTICES. M.F. Barbe*L. LaBarca-Meier. C. Leonard. K. Michihira. M.
Salamon. P. Levitt. Dept. of Physical Therapy, Temple Univ., Phila., PA,
19140 and Depit of Neurosci. and Cell Biol., UMDNJ, Robert Wood Johnson
Medical School, Piscataway, NJ, 08854.
To investigate factors involved in the development of limbic and nonlimbic
cerebral cortical circuitry, we examined the timing of thalamo-cortical and
cortico-thalamic outgrowth in the somatosensory (Ss) and perirhinal (Prh)
cortices. Lipophilic dye tracers, DiIC18-(3) or DiA were inserted into 4%
paraformaldehyde fixed brains of rat fetuses aged embryonic day (E) 13-20.
Seventy-eight rat fetuses were used. The lipophilic dyes were inserted into
either presumptive Prh or Ss cortices, or the thalamus in single or doublelabeling paradigms. The sections were examined for location of fibers
extending from the insertion site and the presence and location of
retrogradely labeled neurons. Results show that Prh cortico-thalamic axons
meet the thalamo-cortical axons initially in the internal capsule on day E13.5
and probably represent the first axons from the cortex. Prh cortical axons
arrive in the thalamus on E14-E14.5, a few days prior to axons from Ss
cortex on E18. Axons from neurons located in lateral thalamus arrve in Prh
cortex on E15 and in Ss cortex on E18, axons from neurons in midline
thalamic region arrve in Prh on E18. Neurons labeled from either cortical
site formed discrete clusters in thalamic areas. Axons segregated in the lateral
portion of the internal capsule, with the Ss cortical-thalamic axons more
dorsally situated than the Prh cortico-thalamic axons. These results show that
while temporally distinct, limbic and nonlimbic cortical projections are
initiated in similar, highly specific patterns. Supported by Temple University
(M.B.) and NIMH grant 45507 to P.L.

EVIDENCE FOR MULTIPLE AXONS ON DEVELOPING DENTATE GRANULE
CELLS. J.A. Schroer*. W. Yan. J.L. Young and J.H. Haring.
Dept. of Anatomy and Neurobiology, St. Louis Univ. Sch.
Med., St. Louis, MO 63104.
We have collected a sample of nearly 200 neurobiotin-

filled cells from rats aged PND14 to PND120. A small
number of these neurons (<10%) exhibit two axons. The

prevalence of multiple axons varies as a function of age

being more frequent in younger rats, but is unrelated to

experimental group. All neurons seem to have morphologies
consistant with that of granule cells. One axon typically
arises from the soma while additional axons take origin
from either proximal or distal dendrites. Examples of
both axons originating from the cell body exist. Both
axons may be mossy fibers regardless of their site of
origin or one axon may be a mossy fiber and the second
assume a distribution similar to an interneuron. In older
rats, mossy fibers are seen to originate from proximal

dendrites in the absence of a second axon from the soma.
Similarly, cells with an axon arising from a distal

dendrite and projecting within the molecular layer have

been seen. These data suggest that some granule cells may
express a mixed axonal phenotype during maturation and

that some of these cells will retain the atypical axon.
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CLONING OF N16K, A NOVEL NEURAL DIFFERENTIATION-

EXPRESSION OF WNT-7A IN THE CEREBELLUM SUGGESTS ITS ROLE
IN GRANULE CELL MATURATION. Patricia C. Salinas* and Fiona Lucas.
Developmental Biology Research Centre King's College London WC2B 5RL
U.K.
Wnt genes encode secreted proteins implicated in cell fate changes during
development To begin to define the specific cell populations in which Wnt
genes act we chose to examine Wnt expression in the cerebellum which has a
relatively simple structure and contains well characterized cell populations. We
found that Wnt-7A is expressed in the adult granular cell layer. Wnt-7A starts to
be expressed from postnatal day 6 to 22 (P6 to P22) to then declines to low
levels in adult cerebellum. From P22, Wnt-7A expression becomes restricted to
the cerebellar lobules I to VIII, showing very low levels of expression in lobules
IX and X. In this posterior region, called vestibularcerebellum, granule cells
receive inputs from mossy fibers of vestibular origin. These results suggest that
Wnt-7A expression may be down regulated by vestibular mossy fibers.
To determine the factors that control Wnt-7A expression, we analysed the
agranular cerebellum of weaver mutant mice in which granule cells are present in
the EGL at early stages but fail to migrate and then die in the EGL. Wnt-7A is
undetectable in the EGL of weaver animals even though granule cells are still
present at these stages as determined by the expression of the granule cell
marker, En-2. Thus, granule cells from weaver fail to express Wnt-7A before
they die. Moreover, Wnt-7A is ectopically expressed in the Purkinje cell layer
of P6 and PI5 animals and subsequently disappears. It is of interest that in
weaver animals, mossy fibers, which normally will make synaptic contact with
granule cells, form heterologous synapses with Purkinje cells. Granule cells
exposed to Wnt-7A-expressing cells show an increased in the number and
spreading of neurites. These results suggest a role of Wnt genes in the
maturation of granule cell neurons.

ASSOCIATED GENE AND DEVELOPMENTAL EXPRESSION. Y. Saito*, K.

Maruyama#, T.C. Saido and S. Kawashima Dept. Molec. Biol., Tokyo Metropol.

Inst. Med. Sci., Bunkyo-ku, Tokyo-113, #Lab.Neurochem., National Inst
Physiological Sci, Okazaki, Aichi- 444
Mouse NS2OY cells can be reproducibly differentiated into neurons upon
treatment with dibtyryl cyclic AMP (dbcAMP). In order to understand the

molecular mechanism and cellular events which underlie neuronal differentiation,

we constracted a subtractive cDNA library made from 48hr-treated NS2OY cells.
We then screened randamly selected colonies by differential hybridization using

labeled cDNA probes synthesized from the dbcAMP (-) and dbcAMP (+) mRNA
pools. One clone, N16K, was markedly increased in NS2OY cells after dbcAMP

treatment for 48hr. Expression of N16K mRNA in adult mouse was detected only

brain and spinal cord, but not in other non-neuronal tissues. N16K encodes a
protein sequence of 212 amino acids. Neither the nucleotide sequence of N16K

nor the deduced amino acid sequence showed appreciable homologies to known
sequences in the database. Futher characterization of N16K should provide

additional information about its function during neuronal differentiation.

(Suppoted by the Ministry of Education, Science and Culture of Japan and by
Uehara Memorial Foundation)
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DISTRIBUTION OF TWO PRIMARY PROTEIN KINASE C (PKC)
SUBSTRATES, MYRISTOYLATED ALANINE-RICH C-KINASE
SUBSTRATE (MARCKS) AND Fl/GAP-43 mRNAs, IN THE ADULT
RAT BRAIN. R. K. McNamara1 *, D. G. Watson1, & R. H Lenox.1 -2’3
Departments of Psychiatry1, Pharmacology2, and Neuroscience3, University of
Florida College of Medicine, Gainesville, FL, 32610-0256
MARCKS (80-87kDa) and Fl/GAP-43 (B-50/neuromodulin) are major substrates
for PKC and important regulators of neuroplastic events during development as well
as in the adult brain, where Fl/GAP-43 mRNA levels remain elevated in regions
associated with a high level of plasticity (Meberg & Routtenberg, 1991). The
constitutive distribution of MARCKS mRNA has not yet been documented in brain.
To determine the relative distribution of MARCKS and Fl/GAP-43 mRNAs in the
adult rat brain, male Sprague-Dawley rats (250-300 g) were sacrificed and perfused for
in situ hybridization histochemistry. Serial sections were hybridized with radiolabeled
antisense riboprobes corresponding to bases 354-1505 of the murine MARCKS cDNA
(Seykora et al., 1991) or 779-1295 of the rat Fl/GAP-43 cDNA (Rosenthal et al.,
1987). Overall, MARCKS hybridization was expressed in the majority of regions but
was most pronounced in pyriform ctx, medial habenular n., paraventricular
hypothalamic n., and the cerebellar granule cell layer. Consistent with earlier reports,
prominent Fl/GAP-43 hybridization was observed in several regions including
thalamic and hypothalamic n., lateral habenular n., entorhinal ctx, raphe n., and
cerebellar granule cells. Within the hippocampal formation, MARCKS hybridization
was highest in dentate gyrus granule cells, moderate in CA1 pyramidal cells, and lowabsent in CA3 and hilar neurons, unlike Fl/GAP-43 where hybridization was highest
in CA3 and hilar neurons, moderate in CA1 pyramidal cells, and low-absent in dentate
gyrus granule cells. While MARCKS and Fl/GAP-43 mRNAs are co-expressed in
certain regions (pyriform ctx/cerebellar granule cells), their differential expression in
other regions (habenular complex/hippocampus) may reflect high levels of
constitutive PKC activity, which has been shown to up-regulate Fl/GAP-43 mRNA
(Perrone-Bizzozero etal, 1993) and down-regulate MARCKS mRNA (Brooks et al.,
1991). [Supported by NIMH grant MH50105]

COMPARATIVE EXPRESSION OF MYRISTOYLATED ALANINERICH C-KINASE SUBSTRATE (MARCKS) AND Fl/GAP-43
mRNAs IN HIPPOCAMPAL GRANULE CELLS FOLLOWING
KAINIC ACID. S. P. Baker2*. R. K. McNamara1. D, G. WatsonL & RH,
Lenox1’2*3 Departments of Psychiatry! Pharmacology2, and Neuroscience3,
University of Florida College of Medicine, Gainesville, FL, 32610-0256.
MARCKS (80-87kDa) and Fl/GAP-43 (B-50/neuromodulin) are primary
substrates of protein kinase C (PKC) and have been implicated in neuronal growth
and differentiation by virtue of their localization in growth cone particles, association
with the cytoskeleton, and changes in expression in cultured cells following exposure
to differentiating agents like phorbol esters (e.g., Perrone-Bizzozero etal., 1993). We
have recently demonstrated that MARCKS mRNA is constitutively expressed at high
levels in hippocampal granule cells (McNamara et al., 1995), unlike Fl/GAP-43
mRNA which is not constitutively expressed in granule cells (Meberg &
Routtenberg, 1991). Kainic acid induces Fl/GAP-43 mRNA in granule cells
followed by the sprouting of their axons, the mossy fibers (McNamara &
Routtenberg, in press). In the present study, we compared the expression of
MARCKS and Fl/GAP-43 mRNAs in granule cells at several points following
kainic acid administration using in situ hybridization histochemistry. Male SpragueDawley rats (250-300 g) were administered either kainic acid (10 mg/kg, s.c.) or the
drug vehicle (1 ml/kg) and sacrificed 6 hr, 24 hr or 5 d post-injection. Consistent
with previous reports, Fl/GAP-43 mRNA expression was induced in granule cells at
24 hr, but not 6 hr, and declined after 5 d when supragranular mossy fiber sprouting
was observed in the ventral hippocampus. MARCKS mRNA expression remained at
high levels in granule cells at each of the three time points. These data demonstrate
that axonal outgrowth induced in vivo is preceded by an elevation of Fl/GAP-43
mRNA in parent neurons whereas MARCKS mRNA expression appears to remain
unchanged. These findings suggest that both Fl/GAP-43 and MARCKS may be
required for the initiation of axonal growth processes. The role of PKC-mediated
posttranscriptional mechanisms in these events remains to be determined. [Supported
by NIMH grant MH50105]
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EXPRESSION OF B-50/GAP-43 IN ADULT OLFACTORY NEURONS IN
TRANSGENC MICE RESULTS IN MORPHOLOGICAL CHANGES IN THEIR
PROJECTIONS IN THE OLFACTORY BULB. A.J.G.D Holtmaat1’2. P.A.
Diikhuizen1. N.M.T. van der Lugt3. A. Bems3. H.J. Romiin1. A.B. Oestreicher2.
F.L. Margolis4. W.H. Gispen*2. J. Verhaageni’2 • (SPON:Eur. Neurosci. Ass.)
^eth. Inst. Brain. Res., A’dam, NL; 2Rudolf Magnus Inst., Utrecht, NL; 3Neth.
Cancer Inst., A’dam, NL; 4Roche Inst, of Molec. Biology, Nutley, NJ, USA.
To study the function of B-50/GAP-43 in-vivd, we created transgenic mice, that
express B-50/GAP-43 in the adult olfactory system. Using the olfactory marker
protein (OMP) promoter, B-50/GAP-43 expression was directed to mature olfactory
neurons, which do not normally express B-50/GAP-43. Mice bearing the OMP-B5O/GAP-43 transgene exhibited B-50/GAP-43 immunoreactivity in cell bodies,
dendrites and axons of numerous mature neurons throughout the olfactory epithelium.
This pattern of transgene expression is consistent with the action of the OMP
promoter.We find that B-50/GAP-43 expression in mature olfactory neurons results
in the formation of numerous hypertrophic OMP-positive primary olfactory axons
with enlarged nerve endings. Confocal laser scanning microscopy on doubleimmunostained sections revealed that the mature olfactory axons often terminated in
dilated grape-like structures which were preferentially located on the rim of the
glomeruli. Double labelling with anti-tyrosine hydroxylase (TH)demonstrated that
some OMP-positive olfactory neurons exhibit ectopic projections, between the THpositivejuxtaglomerular cells or associated with extra glomerular bloodvessels. These
phenomena were never observed in wild type litter mates and could be confirmed by
Golgi staining of individual olfactory axon terminals. These data demonstrate that
continued expression of B-50/GAP-43 in adult primary olfactory neurons in-vivo has
a direct effect on the morphology and projection territory of their axon terminals and
supports a role of this growth-associated protein in nerve fiber formation.

PROMOTER ELEMENTS CONTRIBUTING TO GAP-43 GENE
REGULATION in neurons
. J,R, Weber. G,P, „.Hane&, andJ.H.P,
Skene*. Dept, of Neurobiology, Duke Univ., Durham, NC 27710.
Previous work in this and other labs has indicated that the 5’ flanking
region of the rat GAP-43 gene displays a significant degree of neural
specific expression, and we now show in transgenic mice that 1 kb of
this region can confer a significant degree of the temporal regulation of
the GAP-43 gene. As one approach to elucidating the signaling
pathways which control GAP-43 expression during axon outgrowth in
developing or regenerating neurons, we are now identifying individual
transcription factor binding sites. We have focused on a 386 bp
subfragment of the 1 kb region that drives strong expression of a
reporter gene in transiently transfected neurons from developing rat
cerebral cortex, but has little or no activity in non-neuronal cell lines.
Deletions within this 386 bp promoter indicate that a fairly small region
located downstream of the TATA box consensus sequence is required
for expression in neurons. Gel shift assays have identified three
sequences which bind nuclear proteins from developing rat cerebral
cortex: an API consensus sequence and two apparently novel sites,
Cxi and Cx2. Mutation of all three of these binding sites eliminates the
majority of activity from the 386 bp promoter in cortical cultures. In
contrast, gel shifts with liver nuclear extracts have shown a strong
binding activity (Li^'vl) which overlaps with, and .would likely preclude
binding to, Cxi and Cx2. These studies have identified a small cluster
of transcription factor binding sites, the APl/Cx region, which is likely
to play an important role in the regulation of the GAP-43 gene in
neurons. Supported by NIH grant EYO7397.

789.11

ROLE OF HIGHLY CONSERVED 3' UTR SEQUENCES IN THE
GAP-43 mRNA IN RNA STABILITY. N. I. Pemme-Bizzozero*. R.
Thompson. K-C. Tsai. V.V. Cansino. D. T. Kohn. T. Roham. and R.
L. Neve. Dept. Biochemistry, Univ. New Mexico Sch. of Med.,
Albuquerque NM, 87131 and McLean Hospital, Belmont, MA 02178.
We have previously shown that the mRNA for the neural-specific,
growth-associated protein GAP-43 is selectively stabilized during
neuronal differentiation (J. Cell Biol. 120, 1263-1270, 1993). Given the
absence of known instability-conferring elements in this mRNA, we
explored the role of highly conserved sequences in its 3' untranslated
region (3' UTR) in mRNA stability. Between the rat and chicken
GAP-43 mRNAs, the 3' UTRs show 78% of sequence identity, a level
that is similar to the conservation of their coding regions. In mRNA
stability assays in transfected rat PC12-N36 cells, both the rat and
chicken mRNAs decayed with half-lives of about 3.5 h. The GAP-43
3’ UTR was also found to destabilize the otherwise stable globin
mRNA, with the half-life of the chimeric transcript comparable to
that of the wild type GAP-43 mRNA. Thus, highly conserved
sequences within the 3’ UTR are the major determinants of GAP-43
mRNA stability. The rat and chicken GAP-43 mRNAs were also
tested in RNA-binding assays with brain cytosolic proteins. Both
RNAs bound equally well to the three GAP-43 mRNA binding
proteins from rat brain. Also, S1OO proteins from chicken brain were
able to bind rat GAP-43 mRNA sequences. Based upon these results,
we propose that highly conserved sequences in the 3’ UTR of this
mRNA contribute to the control of GAP-43 gene expression via
specific RNA-protein interactions. Supported by NIH (NS-30255,
GM-08139) TSGH-NDMC, Taipei, and RAC-1090, UNM Sch. Med.
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IMMUJOHISTOCHEMICAL LOCALIZATION OF CILIARY
NEUROTROPHIC FACTOR RECEPTOR a EXPRESSION IN
THE RAT. A.J. MacLennan*. E.N. Vinson, L.
m . Pfeiffer and N. Lee.
Department of
Neuroscience, University of Florida,
Gainesville, FL, 32610-0244.
Ciliary neurotrophic factor (CNTF) decreases
the death of neurons induced by natural causes,
axotomy or genetic mutation.
Mooecular cloning
and heterologous expression studies indicate
that CNTF produces most, and possibly all, of
these effects by binding to a protein referred
to as CNTF receptor a (CNTFRcx) .
Genetic
"knockout” of this protein leads to significant
developmental abnormalities. We used synthetic
pep-tides corresponding to regions of the CNTFRa
to raise and affinity-purify anti-CNTFRa
polyclonal antibodies.
The antibodies identify
CNTFRa throughout the adult and developing
central and peripheral nervous systems.
Particularly high levels of expression were
found in the olfactory bulb and the cell bodies
and dendrites of cranial and spinal motor
neurons, cortical pyramidal neurons, cerebellar
purkinje cells and hippocampal neurons.
Elevated levels were also detected in the axons
of adult and developing peripheral nerves.

ONTOGENESIS OF RAT FETAL PREPROINSULIN I AND II mRNA AND INSULIN RECEPTOR mRNA
WITHIN THE NERVOUS SYSTEM. R. Schechter*. D. Beiu and T. Gaffnev. William K. Warren Med.
Res. Inst., Univ. of Okla. Health Sci. Ctr., and Dept. of Neonatology, Saint Francis Hospital,
Tulsa, OK 74136.
We investigated the presence of preproinsulin I and II (PPI, PPM) mRNA within the fetal rat
brain, spinal cord and dorsal root ganglia (DRG). We also studied the presence of the alpha chain
of the insulin receptor (IR) mRNA in the same tissues. Total RNA was obtained from 15,17 and
19 days gestational age rat fetal brain, spinal cord and DRG. Pancreas served as positive control
for PPI and PPII mRNA, and liver for IR mRNA. Total RNA was subjected to reverse transcriptase
template-specific PCR (RS-PCR) and RNAse protection assay (RPA) for PPI and PPII. IR was
studied using RS-PCR. RS-PCR demonstrated a product of 381 base pair (bp) in brain, spinal cord
and DRG in the 15,17 and 19 days gestation that comigrated with the pancreatic product
showing the presence of mRNA for PPI and PPII within these tissues. Semi-nested PCR products
of 330 bp were obtained and further characterized with restriction enzyme digestion by Hin^l and
Rsai. The predicted fragments of 140 and 190 bp were obtained with Hinfl for PPII, and
fragments of 118 and 212 bp with Rsal for PPI. Rsal cuts only PPI, and Hinfl cuts only PPII. In
solution hybridization using a 32P-cRNA for PPI or PPII, followed by RPA showed bands from the
15,17 and19 day^ yestetionol ag e grair, np inpl co rd rd d DRD th at comigrated with hhbribizdd
RNA from pancreas and with probe alone. RS-PCR also showed a fragment of 550 bp for IR as
predicted within the brain, spinal cord and DRG for all ages studied. Fetal brain tissue was also
prepared to localize insulin by electron microscopy (EM). EM showed insulin immunoreaction
within the endoplasmic reticulum(ER), Goligi, cytoplasm, dd cells pror^^^ses. This study showed
that preproinsulin I, preproinsulin II, and insulin's receptor are present within the fetal central
and peripheral nervous system during nervous system' development. Thus, the presence of the PPI
and PPII mRNA and the immunoreaction within the ER and Golgi strongly indicate the de novo
synthesis of insulin within the central and peripheral nervous system.
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INSULIN-LIKE GROWTH FACTOR BINDING PROTEINS (IGFBPs)
IN MOUSE SPINAL CORD DURING DEVELOPMENT. J.Y. Ma*. I.V.

GDNF mRNA IS FOCALLY EXPRESSED IN DEVELOPING MOUSE LIMB BUD
IN REGIONS WHERE AXONS FORM THE PLEXUS D .E . Wriyht* . R.W.
Gerfen. M.T. Saxena. J.C. Harding. L. Zhou and W.D. Snider. Dept, of Neurology,
CSNSI, Washington University., St. Louis, MO, 63110.
The neurotrophic factor GDNF is a potent survival factor for motoneurons and is
synthesized by Schwann cells and muscle. To further explore whether GDNF
influences motoneurons during the early stages of peripheral innervation, we
performed in situ hybridization on mouse embryos as motor axons enter the periphery.
A mouse GDNF cDNA was PCR-amplified to synthesize 33P-labeled riboprobes.
Similar to rat and human, two splice variants were amplified; the longer fragment was
used to generate riboprobes. At later embryonic stages (E14-E16), GDNF mRNA was
detected in non-neuronal cells along peripheral nerve and developing muscle. However
at earlier stages (E10-E13), GDNF mRNA was expressed at high levels in a restricted
region in the proximal limb bud. This focal expression was not observed in thoracic
regions. Comparison with embryos labeled with Dil to reveal peripheral projections
indicated the GDNF expression corresponds to areas where axon fascicles converge to
form the plexus. The origin and identification of the cells expressing GDNF is
currently being investigated. Other areas of intense GDNF expression at E11-E13
included mesodermal tissue surrounding the developing GI system and urogenital
ridges. This expression may be relevant to the survival of peripheral neurons in these
areas. Because GDNF belongs to the transforming growth factor (TGF)-B superfamily,
we compared GDNF expression to the patterns of related family members, including
TGF-fil, TGF-B2 TGF-B3, BMP-4, and BMP-6. Neither BMP-4 or BMP-6 mRNAs
were detected in regions relevant to peripheral axon growth. TGF-B1, TGF-B2, and
TGF-B3 mRNAs were expressed in mesodermal regions adjacent to motor and sensory
axons by Ell. However, the expression patterns of the TGF-Bs were diffuse as
compared to the focal expression of GDNF mRNA. Our results reveal that members
of the TGF-B superfamily are developmenttdly expressed in patterns consistent with an
ability to influence axons in the periphery. The focal expression. of GDNF mRNA in
regions where axons converge to create the brachial and lumbar plexus suggest that
GDNF may sustain motoneurons as their axons rearrange within the plexuses.

Smirnova. M.N. Zoubine. M.E. Avery. S. Huibao. P.M. Arnold. B.A.
Citron and B.W. Festoff. Neurobiology Research Lab., VA Med.
Ctr., Kansas City, MO 64128; Dept, of Neurology, Univ. of Kansas
Med. Ctr., Kansas City, KS 66160.
IGFs are paracrine and autocrine neurotrophic factors, and both
IGFs and their receptors are expressed in the mammalian spinal
cord. IGFBPs are soluble polypeptides which bind to IGF to form
complexes and modulate bioactivity of both IGF-I and IGF-II. Our
previous studies suggested that IGF signaling system is involved in
motoneuron axonal regeneration and sprouting after sciatic nerve
injury.
IGFBPs have been well studied in the brain during
development, but the expression of IGFBPs in the spinal cord during
development has not been reported. With SDS-PAGE, followed by
transfer to nitrocellulose membranes and Western ligand blot with
125I-IGF-II, we analyzed IGFBPs in mouse spinal cord samples during
embryonic (E14, E16) and postnatal (P3, P5, P10, P15 and P3O)
development. An approximate 30 kDa band was found. The highest
level of this IGFBP is in E14, then gradually reduces, and is barely
detected after P15. Our results demonstrate a major form of IGFBP
with approximate molecular weight of 30 kDa in the spinal cord is
developmental^ regulated. The high level of this IGFBP in an early
embryonic stage suggests a potential role of the IGFBP in the spinal
cord development. (Supported by Cephalon, Inc., the ALS/Spinal
Cord Research Fund and the Medical Research Service of the
Department of Veterans Affairs)
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CHROMOSOMAL LOCATION AND ALTERNATIVELY SPLICED
FORMS OF HUMAN GLIAL CELL LINE-DERIVED
NEUROTROPHIC FACTOR (GDNF). D.L. Choi-Lundberg1’*. D.A.
Fielewicz1’2 and M.C. Bohn1.
Depts. 1 Neurobiol. & Anat. and
2Neurology, Univ. of Rochester Med. Ctr., Rochester, NY 14642.

ALTERNATIVE GDNF TRANSCRIPTS IN RAT BRAIN: WIDESPREAD DEVELOPMENTAL AND REGIONAL EXPRESSION.
D . O, Dean*. J. Albertf. C.F. Dreyfus & I.B. Black. Dept. of Neuroscience and
Cell Biology, RWJ Medical School, UMDNJ, Piscataway, NJ 08854 and fDept.
Biologia Cellular i Anatomia Patologica, University of Barcelona, Spain.
Parkinson's Disease is characterized by selective degeneration of midbrain
dopamine neurons. Glial cell line-derived neurotrophic factor (GDNF) has been
shown to enhance the survival and differentiation of these neurons. Previously, our
laboratory has found multiple GDNF-related transcripts in rat and human. We now
report the developmental and regional expression of GDNF and its alternative forms
in rat brain.
Using RT-PCR, we examined GDNF-related transcripts in striatum and nigra
dissected on embryonic day 17 (EH), postnatal day 1 (PI) and postnatal day 32
(P32). We identified three forms; GDNF, ATF-1 and ATF-3. In striatum, GDNF
and ATF-1 message levels remained constant from El7 to P32. ATF-3 peaked at
PI. In nigra, GDNF and ATF-1 message levels declined from E17 to P32, whereas
ATF-3 was slightly elevated at PL The relative persistence of GDNF and ATF-1
mRNA in striatum and reduction in GDNF and ATF-1 message in nigra suggest
that these forms may code for target-derived trophic factors into adulthood.
To further explore region-specific expression, we examined cerebellum, cortex,
hippocampus and septum. mRNA levels of all three transcripts peaked at PI in
cortex, hippocampus and septum. In cerebellum, GDNF, ATF-1 and ATF-3
message levels were very high at E17 and thereafter slowly declined.
In sum, we have observed differential developmental and regional expression of
GDNF-related transcripts. The patterns of expression of GDNF and ATF-1 in nigra
and striatum are consistent with the model of a target-derived trophic factor. ATF-3
may be important perinatally, as its expression at PI is elevated in all regions,
including striatum. The high expression of GDNF-related transcripts in cerebellum
suggests a potential role in the development of this structure (see Mount et al., this
meeting). Supported by NICHD 23315 and Ministerio de Educacion y Ciencia.

GDNF is a potent neurotrophic factor for lower motor neurons and
midbrain dopaminergic neurons and has neurotrophic activity on several
populations of peripheral neurons. It is widely expressed in rat nervous
system and peripheral organs throughout development and in the adulti,
and has been detected by reverse transcription-polymerase chain reaction
(RT-PCR) in the adult human nervous system2.
To identify the human chromosome on which the GDNF gene resides,
DNA from a panel of 24 somatic cell hybrids containing one human
chromosome (1 to 22, X or Y) in a hamster or mouse background was
amplified by PCR with primers specific for exon 2 of human GDNF. A
product of the predicted size was obtained only from the somatic cell
hybrid containing human chromosome 5.
Two alternative forms of GDNF mRNA were identified in human
fetal astrocytes by RT-PCR with primers that span the entire cDNA
sequence. These were cloned into the SrfI site of the pCR-Script SK(+)
vector and sequenced. One form contains a 78 base pair (bp) deletion
corresponding to 26 amino acids of the pro region of the preproprotein.
The second form has a novel 79 bp sequence which replaces 78 bp of the
full length GDNF cDNA deleted in the first form, resulting in a frame
shift and predicted early termination of the protein product. Initiation at
another AUG codon could result in a protein product lacking a signal
sequence for secretion but still containing full-length mature GDNF
protein. Supported by NIH grant ES01247 and MDA. Icooi-Lundberg, D.L.,
and Bohn, M.C., Dev. Brain Res., 85 (1995) 80-8. 2Springer, J.E., Mu, X.,
Bergmann, L.W., Trojanowski, J.Q., Exp. Neurol., 127 (1994) 167-70.

790.7
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EXPRESSION OF TRKB BUT NOT BbNFmRNA IN PARVALBUMIN
CONTAINING NEURONS OF THE ADULT RAT VISUAL CORTEX. A,
Cellerino, a. Burkhalter0*, L. Maffei and L. Domenici.
Istituto di Neurofisiologia C.N.R. and Scuola Normale
Superiore, 56127 PISA (Italy),
°Dept Ana Neurobiol,

EXPRESSION PATTERN OF FIBROBLAST GROWTH FACTOR-9 IN
DIFFERENT REGIONS OF THE RAT BRAIN DURING
DEVELOPMENT. Alex T. Ho*, Candace Andersson, Karl A. Kuzis,
Felix P. Eckenstein. Department of Cell Biology and Anatomy, Oregon
Health Sciences University, 3181 SW Sam Jackson Park Rd., Portland,
OR 97201.
The members of the fibroblast growth factor (FGF) family may
regulate various aspects of CNS development.
Analysis of FGF
receptors expression during embryonic brain development and in vitro
experiments with cultured neuroepithelial cells, have suggested that
FGFs may function as regulators of neuronal and astrocytic
differentiation during the patterning of the CNS. Recent isolation and
cloning of a heparin-binding growth factor from a human glioma cell
line have introduced a new member of the FGF family, FGF-9. We are
testing whether FGF-9 may play a role during the development and the
patterning of the rat brain. We have constructed sets of PCR primers
based on the published FGF-9 sequence and performed a qualitative
measurement of FGF-9 expression in the developing rat brain.
Furthermore, we have cloned the PCR products in order to create probes
for a quantitative measurement of FGF-9 using northern blot analysis
and RNase protection assays. Our PCR and northern blot data suggest
that FGF-9 is expressed in the rat CNS as early as embryonic day 12.
Brain distribution analysis of adult and postnatal day 1 rat brain have
shown that FGF-9 expression is concentrated in the cerebellar and the
spinal cord regions of the rat CNS. Currently we are culturing specific
cell populations from different parts of the brain to determine which
cell types in the brain express FGF-9. Our data support the hypothesis
that FGF-9 may play an important role in the differentiation of these
regions during the development of the rat ' brain.

Washington University Medical School,
St Louis,
MO
63110.
In the present study we analysed the distribution of
trkB and BDNF in the adult rat visual cortex, focusing
on parvalbumin (PV) positive cells, the major contingent
of
GABAergic neurons. Using antibodies to trkB (Santa
Cruz Biotech, CA) we have found staining in both
pyramidal and non pyramidal neurons.
Double labelling
experiments showed that most PV stained non pyramidal
neurons co-localized trkB. Pyramidal neurons positive
for trkB were surrounded by PV labeled boutons.
Using
an mRNA riboprobe for BDNF (nucleotides 147-657) and
trkB
(extracellular domain,
nucleotides
19-412)
we
performed a double in situ-immuno histochemistry. We
found that most PV stained cells contained trkB mRNA.
Interestingly,
co-localization of
BDNF mRNA in PV
stained non pyramidal cells was extremely rare. The
present data suggest that BDNF, synthesized by pyramidal
cortical neurons (Wetmore et al. Exp. Neurol. 109: 141152, 1990),
may act as
postsynaptically derived
neurotrophic factor or neuromodulator on PV neurons of
the adult rat visual cortex.
Supported by HFSP RG 93/93 and BIOMED BMHl-CT94-1378.
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PRENATAL ONTOGENY OF EGF RECEPTOR AND TGF a mRNAs IN
RAT BRAIN. H.l. KomblumV K.Tatsukawa! R.J. Hussain1. C,M. Gall2. D
Lee3, and K.B. Serooav4. iDepts. Pharm. and Peds. UCLA, LA, CA
90095 , 2Anat. & Neurobiol. UC Irvine, 3Lineberger Cancer Ctr, UNC,
Chapel Hill, and 4Anat. & Neurobiol. U. Kentucky.
Transforming growth factor alpha (TGFa) is related to epidermal growth
factor (EGF) and acts at the EGF receptor (EGF-R). EGF and TGFa have
been demonstrated to induce neuronal differentiation and neural stem cell
proliferation in vitro. In the present study, we examined the ontogeny of
EGF-R and TGFa mRNAs during fetal development of the rat brain by in
situ hybridization, using 35S-labeled cRNAs. EGF-R mRNA was present in
the ventral midbrain by E13 and was detectable within the neuroepithelia
of the midbrain, anterior pons and the posterior hypothalamus by E15.
The cerebellar external granule Layer was also densely Labeled at this age.
By E17, labeling was detectable in germinal zones of the telencephalon,
including those of the septum, basal ganglia and amygdala. In the
brainstem and diencephalon, labeled cells were also observed at a
distance from the neuroepithelial surface. By E19, hybridizing cells were
present throughout most germinal zones and multiple brain areas, in a
pattern similar to that found on the day of birth. TGFa mRNA was
expressed in the ventral midbrain and brainstem on E13. By E15,
hybridization was apparent in the ventral telencephalon, thalamus, and
caudal hypothalamus. By E17, hybridization densities were very high
throughout many structures of basal telencephalon and within multiple
thalamic and hypothalamic nuclei. Moderate hybridization densities were
apparent throughout much of the brainstem, a pattern present on the day
of birth. The present study demonstrates that the distributions of EGF-R
and TGFa mRNAs are overlapping during fetal development, and that the
TGFa/EGF-R system may be important in the normal genesis and/or
differentiation of neurons and glia.

POSTNATAL EXPRESSION OF EGF RECEPTOR mRNA IN
PROLIFERATIVE ZONES OF RODENT BRAIN. K.B. Seroogvi*. S.
Numani. L.A. Qpanashuki. C.M. Gall2. D.C. Lee3 and H.l. Komblum4. iDept, of
Anat. & Neurobiol., Univ. of Kentucky, Lexington, KY 40536, 2Dept. of Anat. &
Neurobiol., Univ. of California, Irvine, CA 92717, 3|_ineberger Comp. Cancer
Ctr., Univ. of N. Carolina, Chapel Hill, NC 27599 and 4Depts. of Pharmacol, and
Pediatrics, UCLA, Los Angeles, CA 90024.
We have recently demonstrated that epidermal growth factor receptor (EGF-R)
mRNA is prominently expressed in two principal germinal zones of the postnatal
rat brain, the forebrain subventricular zone and the cerebellar external granule
layer (EGL) (Seroogy et al., Brain Res. 670:157-164). These results, together
with in vitro data of others, suggest a role for an EGF-R ligand in regulating the
proliferation and/or differentiation of neural progenitors in these regions. To
determine if expression of EGF-R is a characteristic feature of additional brain
proliferative zones, the in situ hybridization localization of EGF-R mRNA was
examined in developing postnatal rat and mouse brain using an 35S-labeled
cRNA probe. Expression of EGF-R mRNA was also examined in proliferative
regions of transforming growth factor-alpha (TGFa)-deficient mice. In addition
to prominent labeling of the subventricular zone and EGL, in neonatal brain
hybridization of the EGF-R cRNA was localized mainly to dorsal aspects of the
neuroepithelia of the third ventricle, cerebral aqueduct and medullary central
canal. Dense labeling was also present throughout the neocortical neuroepithelium. Hybridization densities declined substantially during the early postnatal period such that, by adulthood, reduced levels of EGF-R cRNA labeling
were detected only in the forebrain subventricular region. In TGFa knockout
mice, EGF-R mRNA expression was altered in the forebrain subventricular
zone. These results indicate that most germinal zones of the developing brain
express EGF-R mRNA and that expression of the receptor may be regulated by
its endogenous ligand TGFa. Supported by the American Parkinson Disease
Association (K.B.S.), MH10806 (S.N.), AG00538 (C.M.G.), CA43793 (D.C.L.)
and the Dana Foundation (H.I.K.).

790.11

790.12

EXPRESSION OF HEPARIN-BINDING EPIDERMAL GROWTH
FACTOR (HB-EGF) mRNA IN RAT BRAIN.
L.A. Opanashuk*. S.
Numan. and K.B. Serooav. Department of Anatomy & Neurobiology,
University of Kentucky, Lexington, KY 40536.
Two epidermal growth factor receptor (EGF-R) ligands, transforming
growth factor-alpha (TGFa) and EGF, have recently been shown to
promote survival and biochemical differentiation of neural populations from
several brain regions. Although the distribution of TGFa and EGF-R
mRNAs in brain has been described, the presence of EGF-R ligands other
than TGFa is currently unresolved. In the present study, in situ hybridization was used to determine whether HB-EGF, a recently discovered
member of the EGF family of mitogenic polypeptides, is expressed in the
developing and mature central nervous system (CNS). Rat brain coronal

COEXPRESSION OF HEPATOCYTE GROWTH FACTOR, ITS RECEPTOR (cmet), AND TISSUE-TYPE PLASMINOGEN ACTIVATOR IN MURINE
BRAIN.
D.P, , Thewke,
W.
Sather*
and
N.W,
Seeds.
Neuroscience Prog. & Dept. of Biochem/Biophy/Genetics,
Univ. of Colorado HSC, Denver, CO 80262.
Hepatocyte growth factor/scatter factor (HGF) has
pleiotropic effects on cells expressing its receptor, the
c-met proto-oncogene product.
HGF is synthesized as an
inactive precursor which must undergo proteolytic cleavage
to become biologically active. Both tPA and uPA are
capable of activating HGF.
As part of a study on the
roles of tPA in the CNS, the expression of HGF, c-met and
tPA in the murine brain was investigated.
In situ
hybridization reveals several regions of the developing
and adult brain where the expression of HGF and/or c-met
is coincident with tPA expression. Most notably in the
cerebral cortex, the hippocampus, and the olfactory bulb.
During development of tne cerebral cortex, HGF mRNA is
observed in the ventricular and subventricular zones,
while c-met and tPA expression are observed in the
cortical subplate and marginal zone.
In the postnatal
brain, c-met mRNA is detected in layers II-III and V of
the cerebral cortex and the CAl region of the hippocampus,
while HGF mRNA is most prominently observed in the
ependymal linings of the ventricles and the CA2 region of
the hippocampus.
Low levels of tPA mRNA are observed
throughout the cortex, and high levels in all regions of
the hippocampus.
In the adult olfactory bulb HGF is
expressed in the glomerular layer (GL), c-met in the
olfactory nerve (ONL) and mitral cell layers (MCL), and
tPA in the ONI., GL, MCL and the granule cell layer. These
results suggests that tPA may have a role in the
development and maintenance of these structures via
activation of HGF in the immediate vicinity of its
receptor. (Supported in part by NIH grant NS-09818)

sections were processed for the in situ hybridization localization of HB-EGF
mRNA at neonatal and adult ages using an 35S-labeled cRNA probe. The
antisense HB-EGF cRNA was transcribed from a pBluescript B KS vector
containing a 258 base-pair fragment derived from the 5' end of the cloned
rat HB-EGF cDNA (cDNA kindly provided by Dr. Judith Abraham, Scios
Nova). Initial results have demonstrated HB-EGF cRNA hybridization within
several cortical regions including the piriform cortex, hippocampus, and
throughout middle layers of the neocortex. In hippocampus, labeling was
most prominent in the dentate gyrus. Several thalamic nuclei, including the
ventrolateral geniculate nucleus and the ventrobasal complex, exhibited
HB-EGF cRNA labeling. In brainstem, expression was detected in the
dorsal raphe nucleus, area postrema, and caudal ventrolateral medulla.
Dense hybridization was also present in the Purkinje cell layer of the
cerebellum. HB-EGF mRNA levels were substantially higher neonatally
than in adulthood suggesting that expression is developmental^
regulated. These results raise the possibility that the novel EGF-R ligand
HB-EGF may serve functional roles in select regions of the developing and
adult brain. S.N. was supported by NIMH fellowship MH10806.
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GDNF: A MEMBER OF A GENE FAMILY EXPRESSED IN MANY
SUB POPULATIONS OF ADULT BRAIN NEURONS. N. A-M. Pochon1. A.D.

Expression of CNTF: new perspectives revealed by a lacZ
reporter gene introduced into the CNTF gene locus.

Zum*. A. Menoud! C. Bader*2 and P. Aebischer! lGene Therapy Center and
Surgical Research Division, Lausanne Univiversity Medical School, ^Division for
Clinical Neuromuscular Research, Geneva University Hospital, Switzerland.
Glial cell line-derived neurotrophic factor (GDNF) was first described as a potent
trophic factor expressed ubiquitously in embryonic, but not in adult rat brain. We
report here that GDNF belongs to a gene family whose members are widely
expressed in adult rat brain. To identify the members of the GDNF family, total
RNA from adult brain has been extracted and analyzed by Northern blot and RTPCR. In each case, several messengers larger than the GDNF mRNA have been
identified with a GDNF riboprobe. With an RNAse protection assay on total RNA of
the adult cerebellum, two bands are clearly protected with a Sp6 GDNF riboprobe.
Furthermore, several homologous genes have been amplified by PCR from genomic
DNA, using different primers and temperature conditions.
In adult rat brain, the expression of the GDNF family is neuron- specific, as
shown by in situ hybridization with a DIG riboprobe. The signal intensity observed
in the different brain regions suggests that there are subpopulations of neurons
expressing homologous members of the GDNF family. The hybridization signal is
high in the hippocampus and a neuronal subset of the striatum. Using in situ
hybridization and immunocytochemistry, dopaminergic neurons of the substantia
nigra synthetizing mRNAs homologous to GDNF have also been identified. In
conclusion, the members of the GDNF family have a tissue specific expression and
seem to have a high sequence homology.
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Carroll. P.. Airaksinen*. M.. Bock. H.. Cooper. J.. Mever. M.. Pera,
E.. Sendtneri. M. and Thoenen. H. Max-Planck Inst, for Psychiatry,
Am Klopferspitz 18a, 82152 Matrinsried. £Dept. Neurology, Uni.
of Wurzburg, 97080 Wurzburg, Germany.
Although exogenously-applied ciliary neurotrophic factor (CNTF) exerts
survival and differentiation effects on a variety of neuronal and glial cells in
vitro and in vivo, the role played by endogenous CNTF is still
incompletely understood. The high post-natal expression of CNTF in the
PNS and its up-regulation after injury in the CNS has led to the proposal
that CNTF may function as part of the response to damage in the nervous
system. The levels and the sites of expression of CNTF during
development and in adulthood are partially controversial. To resolve these
questions we have introduced the lacZ reporter gene into the CNTF coding
region by homologous recombination in ES cells. Mice generated from
such cells showed transient expression of the reporter gene in the
developing embryonic nervous system. In the adult CNS reporter gene
expression was detected in sub-populations of cells in most brain regions.
In attempting to correlate the CNTF-promoter driven lacZ reporter gene
expression with CNTF mRNA and protein expression patterns, we
observed major differences in the expression levels of CNTF mRNA
between rat and mouse in certain brain regions. Experiments are underway
to identify the cells expressing CNTF.
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IMMUNOLOCALIZATION OF NEUROTROPHIN NT4/5 AND ITS
HIGH AFFINITY RECEPTOR TRK B IN THE RAT OLFACTORY
BULB. J. C, P^z1. J. .N-Kott*1, P. R. KaplaiA L.E. Westrum. 1 -3
Depts. of Neurological Surgeryl, Biological Structure2, and
Psychology3, Univ. of Washington, Seattle, WA 98195; ABL-Basic
Research Program, NCI-FCRDC, Frederick MD.4
TrkB is the preferred high affinity receptor for the neurotrophin NT4/5
and exists in a truncated noncatalytic and lull-length catalytic isoforms.
Using immunohistochemistry, we are examining the developmental
localization of NT4/5 and trkB in the rat olfactory bulbs (OB) of
postnatal day 1, 5 (PN-1, PN-5) and adult animals. The OB is an ideal
model in which to study the innervation/reinnervation process due to the
unique regenerative capacity of the olfactory nerves (ON) throughout
adult life. Immunoreactivity for truncated trkB remained moderate to
strong throughout development in the ON and glomeruli (GL), while
both full-length catalytic trkB and NT4/5 immunoreactivity were nonexistent at PN-1, and strong at PN-5 and adult ON and GL. As labeling
for both growth factor and receptor is found in the same fiber population,
these findings may contrast with the classical theory that target-derived
neurotrophins elicit trophic actions after retrograde transport back to the
cell soma. The increased levels of NT4/5 and full-length catalytic trkB
during the later stages of development may play a role in an autocrine
and/or paracrine regulated neuronal maintenance rather than a guidance
mechanism. The observation that catalytic trkB is expressed less
strongly than truncated trkB suggests that truncated trkB may sequester
excess NT4/5, thus limiting the diffusion of these growth factors.
Supported by NIH grant NS09678 and a grant from NCI, DHHS, under
contract NO1-CO-460O. LEW is an affiliate of CDMRC.

DEVELOPMENTALLY REGULATED EXPRESSION OF
TRKA AND CHA'T IN THE RAT CAUDATE-PUTAMEN.

Y. Li. D. O. Clary. L. F, Reichardt and W. C. Mobky*. Department
of Neurology and Howard Hughes Medical Institute, UCSF, San
Francisco, CA 94143.
TrkA, the receptor tyrosine kinase for NGF, is expressed in basal
forebrain cholinergic neurons (BFCNs); its expression in development
is regulated by endogenous NGF (Li et al., 1995, J Neurosci 15: 28882905). In the present work, we examined trkA expression in the
developing caudate-putamen. Using double immunostaining, trkA was
localized exclusively to caudate-putamen cholinergic neurons
(CPCNs). TrkA mRNA was first detected at PD4 by in situ
hybridization histochemistry. Northern analysis showed that trkA
mRNA increased steadily from a low level at PD4 to the maximal
adult level. The temporal pattern for the increase was similar to that
for ChAT mRNA. By immunostaining, trkA protein was detected at
PD0. Western blot showed that trkA protein increased during
development and followed the pattern for the mRNA. Examining
tyrosine phosphorylation of trkA in caudate-putamen triturates, we
found that NGF activated these receptors at PD0 and that receptor
activation was robust in older subjects. Infusion of NGF increased
trkA and ChAT mRNA, as well as the size of trkA-positive neuron
cell bodies. Our results indicate that trkA expression is highly
regulated in CPCNs; they point to a role for NGF in CPCN
morphological and biochemical differentiation.
Supported by NIH grants NS24O54 and AG08938.

790.17

790.18

ACIDIC FIBROBLAST GROWTH FACTOR IS EXPRESSED BY
BASAL FOREBRAIN AND STRIATAL CHOLINERGIC NEURONS.
J.L. Bizonl J.C. Lautertom^Rr. Elliott^and C.M. Gall1A 1Dept • of

Expression and Regulation of Neurotrophic Factors in Basal
Forebrain Oligodendrocytes in vitro and in vivo
P. Qu*, X. Dai,
H.Wu, W- J. Friedman, I. B. Black and C F. Dreyfus
bept .
Neuroscience & Cell fiiol., (JMDNJ I Robert Wood Johnson Medical
School, Piscataway, NJ 08854
Previous work in our lab indicated that: (1) neurotrophic factors are
expressed in cultured basal forebrain oligodendrocytes: NGF and BDNF
mRNAs were detected by solution hybridization, and BDNF, NT3 and
NT4/5 proteins by immunocytochemistry; and (2) the expression of
BDNF mRNA can be regulated by KC1 as a depolarizing signal. In
order to further investigate the characteristics of the expression and
regulation of neurotrophic factors under physiological conditions, and
the effect of different neurotransmitters, enriched basal forebrain
oligodendrocyte cultures were treated with 10 pM glutamate for 48
hours. In contrast to the effect of KC1, which increases BDNF mRNA
expression, glutamate treatment caused a decrease of BDNF mRNA to
nearly undetectable levels. These preliminary data suggest that different
types of depolarizing signals regulate neurotrophin expression in basal
forebrain oligodendrocytes via different mechanisms. To evaluate the
expression of neurotrophin proteins in basal forebrain in vivo,
immunocytochemistry
has
been
performed
to
co-localize
neurotrophins with the oligodendrocyte markers A2B5, MAG and MBP.
Preliminary results revealed overlap of the anti-NT3 positive cells with
anti-A2B5, suggesting the presence of NT3 protein in the basal
forebrain oligodendrocyte precursors. Ongoing studies will determine
whether NT3 is also co-localized with MAG and MBP in vivo. In sum,
our results suggest possible mechanisms for regulating neurotrophin
expression by depolarizing signals in vitro and the existence of
neurotrophin proteins in basal forebrain oligodendrocytes in vivo.

Psychobiology, and 2Dept. of Anatomy and Neurobiology, Univ. California,
Irvine, CA 92717.
The basal forebrain cholinergic system is thought to be critical for the
maintainable of cognitive abilities in both humans and rodents, and is
susceptible to age- and injury-related degeneration.
Recently,
immunoreactivity for acidic fibroblast growth factor (aFGF), a substance
which reportedly supports cholinergic neurons, has been localized in basal
forebrain. In the present study in situ hybridization was used to evaluate the
distribution and degree of colocalization of mRNAs for aFGF and the
cholinergic marker choline acetyltransferase (ChAT) in rat forebrain.
Neurons expressing aFGF mRNA were codistributed with ChAT-positive
neurons throughout all fields of basal forebrain including the medial
septum/diagonal band region and the striatum. Cells labeled by the aFGF
cRNA also were distributed in regions not containing cholinergic neurons
including lateral septum and several thalamic nuclei. Using double-labeling
in situ hybridization, high levels of colocalization were observed in the
medial septum, diagonal bands of Broca, magnocellular preoptic area and
nucleus basalis of Meynert. In these fields over 85% of the cholinergic cells
expressed aFGF mRNA. In striatum fewer cholinergic neurons contained
aFGF mRNA and regional differences were observed. Specifically, among
the ChAT-mRNA positive cells, 64% in caudate, 32% in ventral striatum
(including nucleus accumbens) and 25% in olfactory tubercle expressed
aFGF mRNA. These data demonstrate substantial, regionally specific,
patterns of aFGF/ChAT mRNA colocalization and support the hypothesis
that aFGF is an autocrine neurotrophic factor for cholinergic neurons in
basal forebrain and striatum. Supported by AGOO538 to C.M.G.

790.19

SECRETONEURIN IS EXPRESSED IN DEVELOPING RAT VENTRAL
PALLIDUM, ACCUMBENS, AMYGDALA AND OTHER FOREBRAIN
STRUCTURES.
H. Trauria*1. W. Kaufmann2. J. Marksteiner2. S.K. Mahata3.
H. Mahata3. R. Fischer-Colbrie3 and A. Saria2. ‘Anatomy and
Neurobiology, Univ. of Kentucky, Lexington, KY 40536.
*ieurochemistry Unit, Psychiatry Institute &
’Pharmacology, Univ. of Innsbruck, A6020, Austria.
Secretoneurin(Sn), an endoproteolytic peptide
derivative of secretogranin II(Sg)(aal54-186), located in
large, dense core vesicles, is released from neural
tissue following capsaicin or potassium stimulation.
Previous data revealed intense Sn immunoreactivities(I)
in adult rat forebrain, hypothalamus, amygdala,
hippocampus and brain stem.
The present study examined expressions of Sn-I and
SgmRNA in rat brain on fetal(F) or postnatal(P) days
F14,16,18,20, PI,5 and 10. In situ hybridization probe
was complementary to rat Sg mRNA (nucleotides 193-240).
Sn-I were compared to substance-P- and calbindin-I.
Sn and SgmRNA signals were first detected in basal
forebrain and diencephalon on F16. By F20 components of
the extended amygdala (bed nuc. of stria terminalis, nuc.
accumbens and centromedial amygdala) and hypothalamus
showed prominent Sn-I and SgmRNA signal. Sn and SgmRNA
expressions were most evident in the postnatal
hypothalamus. Sn-I and SgmRNA were also expressed in
basolateral amygdala and dentate gyrus interneurons.
In conclusion, components of the extended amygdala and
other brain structures express Sn-I and SgmRNA at
specific stages of fetal and neonatal brain maturation.
These expressions probably reflect development of
circuits that link limbic and striatal functions.
(Supported by:Austrian Science Foundation grant #F00206)
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FUNCTIONAL HETEROGENEITY of GABAa receptor
-mediated
RESPONSES IN THE VENTROMEDIAL NUCLEUS OF THE
HYPOTHALAMUS IN MALE AND FEMALE NEONATAL RATS. S.T.

SEX DIFFERENCES IN GLUTAMIC ACID DECARBOXYLASE
(GAD) mRNA CONTENT IN THE NEONATAL RAT BRAIN.
M.M. McCarthy*, D.R. Grattan. A.M. Davis & M. Selmanoff.
Department of Physiology, Univ. of Maryland, Baltimore, MD 21201
Although there are sex differences and steroid effects on the inhibitory
transmitter GABA in the adult brain, a role for this neurotransmitter in
the sexual differentiation of the neonatal brain has not been established.
Glutamic acid decarboxylase (GAD) is the rate limiting enzyme in
GABA synthesis and comes in two forms: GAD-65 and GAD-67. We
have used a lysate version of the RNase protection assay to quantify
mRNA for both forms of GAD in tissue micropunches from specific
brain regions. Data are expressed as the ratio of GAD mRNA to that of a
housekeeping gene, GAPDH. GAD mRNA was quantified in the
arcuate nucleus (ARC)? dorsal medial nucleus (DMN), medial preoptic
area (mPOA), CAl region of the hippocampus, amygdala (AMYG) and
cingulate cortex (CTX) of individual male and female brains (n=8)
during early (postnatal day 1, PN1), late (PN5) and post-critical period
(PN15 andPN25) for sexual differentiation of the rat brain.
At PN 1, GAD-65 and GAD-67 mRNA was almost twice as high in
the DMN, and was significantly higher in CAl region of males
compared to females (ANOVA; p<.O5). GAD-67 mRNA was also
significantly higher in the ARC of PN 1 males. No differences were
detected in mPOA or CTX. At PN5, GAD-67 mRNA was significantly
lower in the mPOA of males and GAD-65 was significantly higher in
ARC. There were no other differences at PN5. At PN15, GAD-67
mRNA was significantly greater in the ARC of males and both forms of
GAD mRNA were higher in the AMYG of males. There were no
significant differences in other brain areas and no differences at PN25.
We conclude that varying levels of GAD expression during the critical
period is involved in establishment of sexually dimorphic brain regions.
Additional experiments will examine sex differences in adults and the
impact of neonatal hormonal manipulations on GAD mRNA levels.

and Biochem., Dartmouth Medical Schcoil, 2Dept. of Psychology, Dartmouth
College, Hanover, NH 03755.
Gonadal steroids act during a critical period extending from late fetal stages to
approximately postnatal (PN) day 10 to induce permanent sexual dimorphisms
in the ventromedial nucleus (v Mn ) and medial preoptic area (POA) of the rat
hypothalamus. GABAA-mediated synaptic transmission within these regions
has been shown to play a key role in the expression of adult female sexual
behavior. We have characterised GABAA-mediated responses in the VMN and
POA of neonatal rats (PN0-PN20) by analysis of currents elicited by rapid
perfusion of high concentrations of agonist in dissociated neurons and of
spontaneous inhibitory postsynaptic currents (ipscs) recorded from neurons in
intact slices. Responses were elicited by rapid application of 1 mM GABA for
1-2 ms from nucleated outside-out patches. Current decays were best fitted by
three exponential components with time constants of ~ 10, 60, and several
hundred ms. Spontaneous ipscs were recorded in acutely isolated slice
preparations in the whole-cell configuration in the presence of 20 pM CPP and
10 pM CNQX. Spontaneous ipscs were blocked by 10 pM bicuculline. Time
constants of ipse decay were similar to those for currents elicited by rapid
agonist perfusion. Statistical analyses suggest that currents recorded from
VMN neurons of male versus female animals show significant differences in
decay kinetics. Results will be discussed with regard to sex-dependent
differences in GABAa receptor composition within these regions, as assessed
by the sensitivity of currents to allosteric modulators and by differential
expression of GABAa receptor subunit genes. Supported by NSF IBN9319523 (LPH/ASC).

Supported by SRIS Grant to MMMfrom univ. ofMD, School of Medicine.
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EFFECT OF EXOGENOUS ESTRADIOL ON DEVELOPMENT OF THE

IMMUNOHISTOCHEMISTRY AND IN SITU HYBRIDIZATION
HISTOCHEMISTRY
OF
CORTICOTROPIN-RELEASING
FACTOR(CRF)-CONTAINING NEURONS IN THE FETAL RAT
BRAIN. Hl
Fujiokal. L, Akiirmra.
L
Watanabe,
L.

DOPAMINE D1 RECEPTOR IN THE RAT.

J.A. Williams* and S.S.

Maswood.

Dept. Biol. Southeastern Oklahoma State Univ., Durant

OK 74701

and Dept.

Biol. Texas Woman's

Univ.,

Denton,

TX

76204.
Endogenous testosterone is aromatized within brain cells to

estrogen in males at critical periods during development.

Females

are protected from the effects of endogenous estrogens through the

presence of alpha-feto protein.

However, exogenous estrogens can

function like testosterone and masculinize the female brain.
this

study

the

effect

of

estradiol

dopaminergic system was studied.
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benzoate or sesame oil vehicle.
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Male and female F-344 rats

were injected (s.c.) on post-natal day 3 with either 1

pg estradiol

Animals were sacrificed between

Brains were dissected and frontal cortex,

post-natal days 26-35.

hippocampus, and striatum removed and frozen.

The dopamine D1

receptor was assayed in these tissues using [3H] dopamine as

radioligand and the D1

agonist (±) SKF-81297 hydrobromide as

the unlabeled competitor.

Levels of [3H] dopamine binding to the

D1 receptor subtype were decreased in cortex and hippocampus of
both males and females receiving neonatal estradiol, relative to
male control

animals.

Conversely,
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receptor

increased in the striatum of estradiol treated
results
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binding

animals.
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was
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dopaminergic system in a region-specific manner.

Shiibasaki.__ and_ S___ Nakamura* Dept.

of Physilogy and
^Dept. of Obstetrics and Gynecology, Yamaguchi Univ.
Sch. of Med., Ube, Yamaguchi 755, and
^Dept. of
Medicine, Tokyo Women's Medical College, Tokyo, Japan.
Immunohistochemistry and in situ hybridization
histochemistry were used to examine prenatal development
of CRF-containing neurons in the rat brain. CRF mRNA was
first expressed in the lateral hypothalamus and
hypothalamic paraventricular nucleus at embryonic day
(E) 15 (EO: sperm-positive day) in parallel with CRF
immunoreactivity.
As
development
proceeds,
CRF
immunoreactivity of neurons in these areas
became
progressively enhanced, and the number of CRF-containing
neurons increased. In addition, CRF-immunoreactive
neurons appeared in other brain regions including the
anterior hypothalamus, arcuate nucleus, amygdal a, bed
nucleus of stria terminalis and septal area. CRFimmunoreactive fibers in the median eminence were
detected as early as E17. These findings indicate the
expression of CRF-containing neurons in various brain
regions during the prenatal period. We are further
investigating the possibility of the coexistence of CRF
with vasopressin in fetal brain neurons. (Supported by
Grant in Aid for Scientific Research from the Ministry
of Education, Science and Culture of Japan).

791.5

791.6

TRANSIENT SEX DIMORPHISM IN THE NUMBER OF NADPH-DIAPHORASEPOSITTVE GANGLION CELLS OF THE RAT ADRENAL GLAND DURING
POSTNATAL DEVELOPMENT. C. Cracco*. S. BiasioL G. Filoeamo and A. Vercelli.
Department of Human Anatomy and Physiology, Torino Univ. Sch. Med., Italy.
The rat adrenal gland (AG) contains ganglion cells able to synthesize nitric oxide,
a neurotransmitter/neuromodulator involved in the control of adrenal secretory activity
and blood flow. In the present study we analysed the number and distribution of nitric
oxide-producing adrenal neurons during postnatal development in the two sexes by
means of NADPH-diaphorase (NADPH-d) histochemistry. Wistar albino rats were
perfused at various postnatal ages and the AGs processed to visualize the NADPH-d.
While in adulthood positive neurons are mostly located in the medulla, at birth they are
equally distributed within cortex and subcapsular region in both sexes, the medulla
being practically devoid of stained nerve cells. The adult distribution of the NADPH-dpositive neurons is reached by the end of the fourth week in both sexes. A transient
sex-related difference in the number of NADPH-d-positive neurons per AG is found
during the second postnatal week (P7: male 463 ± 35 vs. female 192 + 6; P10: male
473 + 54 vs. female 260 + 61; P15: male 369 + 43 vs. female 278 + 62). Tf newborn
male rats are flutamide-injected daily, the number of NADPH-d positive adrenal
ganglion cells at P10 is strongly decreased to about half of the control values. On the
contrary, if newborn female rats are injected at P0 with one dose of testosterone
enantate, the number of positive neurons at P10 is nearly doubled.
In conclusion, the present data demonstrate a transient sex influence on the
number of NADPH-d positive neurons in the rat AG, limited to the second postnatal
week, and probably related to the perinatal difference in serum testosterone in the two
sexes. (Supported by MURST grants to AV)

ESTROGEN INDUCES AN INCREASE IN SINGLE CELL
EXPRESSION OF PROENKEPHALIN mRNA IN THE VL-VMN
OF YOUNG AND ADULT FEMALE RATS. C. Gomez1' A
Rodriguez M.L. Gonzalez !> J.A. Insem 2*B.S. McEwen3 and A. C.
Segarra1, University of Puerto Rico, Physiology Department1 and
Neurosurgery Department2, San Juan* PR. 009361and The Rockefeller
University, NY, NY 100213
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Estrogenic regulation of proenkephalin expression in the
ventrolateral-ventromedial nucleus of the hypothalamus (VL-VMN)
was studied in two age groups of female rats: juveniles and young
adults. The juveniles were injected with oil or estradiol benzoate (40
pg/kg) at days 21 and 22 and sacrificed at day 23. The adult group
consisted of intact and gonadectomized rats that were injected with
oil or estradiol benzoate (4Opg/kg) at days 72 and 73 and were
sacrificed at day 74. Sections of the VMN were studied by in situ
hybridization histochemistry at the single cell level and quantified with
the assistance of an image analysis system. Estrogen plasma levels
were determined by radioimmunoasay. Estrogen increased the amount
of proenkephalin mRNA expressed per cell in the VL-VMN ofjuvenile
females. We also observed an increase in the amount of cells
expressing low levels of proenkephalin mRNA in these rats. In the
adult, ovariectomy reduced proenkephalin mRNA expression, estrogen
restored mRNA levels to those of intact females.
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ESTROGEN INDUCES AN INCREASE IN SINGLE CELL
EXPRESSION OF PROENKEPHALIN mRNA IN THE VL-VMN
OF YOUNG BUT NOT ADULT MALE RATS. Z. Rivera1. M
Rivera
J.A. Angulo2, and A C. Segarra1* University of Puerto
Rico, Physiology Department1 San Juan* PR. 00936!and Biology
Department, Hunter College, CUNY, NY, NY2.
Estrogenic regulation of proenkephalin expression in the
ventrolateral-ventromedial nucleus of the hypothalamus (VL-VMN)
was studied in two age groups of male rats: juveniles and young
adults. The juveniles were injected with oil or estradiol benzoate (40
pg/kg) at days 21 and 22 and sacrificed at day 23. The adult group
consisted of intact and gonadectomized rats that . were injected with
oil or estradiol benzoate (4Opg/kg) at days 72 and 73 and were
sacrificed at day 74. Sections of the VMN were studied by in situ
hybridization histochemistry at the single cell level and quantified with
the assistance of an image analysis system. Estrogen increased the
amount of proenkephalin mRNA expressed per cell in the VL-VMN of
juvenile males. In the adult, neither orchidectomy nor estrogen
treatment had an effect on proenkephalin expression in the VL-VMN.
These results and those of Romano et al. (1990) and Hammer et al.
(1993) indicate that estrogenic regulation of enkephalinergic
expression in the VMN of male rats changes with age and duration of
estrogen exposure.
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DIFFERENTIAL REGULATION OF CALCITONIN GENE-RELATED
PEPTIDE AND SUBSTANCE P BY ESTROGEN IN RAT SENSORY
NEURONS. S. Sar^ari-J. Pickett, N, Taleghaoy and M.M. ObUagei*
Dept, of Cell Biol, and Anat., Chicago Medical Sch., N. Chicago, IL
Calcitonin gene-related peptide (CGRP) and Substance P (SP) are coexpressed in a variety of neurons in the central as well as peripheral
nervous system, including most small nociceptive neurons of the dorsal
root ganglia (DRG).
In regions of the nervous system that contain
estrogen receptors (ER), such as pituitary and several hypothalamic
regions, estrogen (E2) has been shown to augment CGRP levels and to
downregulate SP levels. Recently, we have found that many of the
small, but not the large-sized, DRG neurons express high levels of ER.
Since many of these same neurons also express SP and CGRP, it was of
interest to determine how hormonal status affects peptide expression in
the DRG. Female Sprague Dawley rats were ovariectomized and either
treated continuously with exogenous E2 via a subcutaneous implant of a
silastic capsule filled with l7p-estradiol for 21 days (+E group) or were
left untreated for that same period (ovx group). Lumbar and sacral
DRGs were harvested and immunostained using a variety of polyclonal
and monoclonal antibodies to CGRP, SP or ER. Results showed robust
CGRP immunoreactivity (IR) in most small-sized DRG neurons, as well
as in some medium to large-sized neurons; SP -IR was largely restricted
to the small neurons. CGRP - IR in the DRG was markedly enhanced in
the +E group relative to the ovx controls, but SP-IR appeared to be less
robust in the +E group.
This differential regulation of peptide
expression in the DRG is consistent with findings in other ER containing
neuronal populations. Studies have been recently initiated to explore
the functional consequences of peptide modulation in the DRG by E2.
Preliminary findings suggest that temperature/pain thresholds (tail flick
response) may be influenced by gonadal steroid status.

LOCALIZATION OF NURR 1- AND NGFIB mRNA IN THE DEVELOPING AND
ADULT MOUSE AND RAT CNS. R.H. Zetterstrdm*. R. Williams. E. LindavisL
T. Perlmann and L. Olson. Departments of Neuroscience and Cell & Molecular Biology, Karolinska Institute, S-171 77 Stockholm, Sweden.
Nurr 1 (nur-related 1) and NGFIb (nerve growth factor-inducible) are two closely related orphan receptors belonging to the steroid hormone receptor superfamily, which
are both encoded by immediate early genes. The function of these two proteins is un-
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NGF-RECEPTOR IMMUNOCYTOCHEMISTRY PROVIDES
EVIDENCE FOR INCREASED NEURONAL PROCESSES IN
BASAL FOREBRAIN CHOLINERGIC NEURONS OF RATS
RECOVERING FROM EARLY HYPOTHYROID BRAIN
RETARDATION. A. Farahvar* and E. Meisami (Dept. of Physiology
and Biophysics, Univ. of Illinois, Urbana, IL 61801).
Plasma thyroxine levels were suppressed in rat pups from birth
by addition of PTU (propylthiouracil) in drinking water (lg/L). This
neonatally induced hypothyroidism results in profound retardation of
neuronal growth in brain regions. Recovery from this condition was
initiated by withdrawal of PTU at 25 days of age. Animals recovering
from hypothyroid show markedly increased growth rates in body and
brain regions including hippocampus and dentate gyms. Expression of
low affinity p75 NGF-receptor (NGF-R) is thought to be largely
confined to cholinergic neurons of the basal forebrain (BF) which
project extensively to forebrain areas. We have shown that compared to
25-day control rats, there is a significant elevation in NGF-R levels in
BF neurons of hypothyroid rats. BF neurons were stained
immunocytochemically using a monoclonal antibody to NGF-R (192IgG, Boehringer-Mannheim). Three weeks after PTU withdrawal,
NGF-R immunoreactive neurons of BF in recovering rats showed
markedly increased neuritic outgrowth and branching as compared to
age-matched controls. This neuritic sprouting was most evident in
neurons of magnocellular BF nuclei. The above results suggest
regulation of NGF-R levels in BF cholinergic system by thyroid
hormones may underlie the markedly increased growth rates in rat
brains recovering from hypothyroid retardation.
Support: NIH grant (GM07143) and UIUC Research Funds
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clear, but in a recently published study the two orphan receptors have been shown to
be able to modify retinoid signaling. Other recent studies have indicated that they
might be involved in apoptosis. In order to further elucidate the role of these proteins
we have applied in situ hybridization histochemistry to localize the possible presence
of nurr 1 and NGFIb mRNA in the developing and adult mouse and rat CNS. Expression of nurr 1 mRNA was found in several regions during early development; this
expression persisted throughout the pre- and postnatal period and was also found in
many areas in the adult CNS. Nurr 1 mRNA was found in the olfactory bulb, several
parts of the cortex, in the hippocampal formation, in the ventral tegmental area and in
the substantia nigra. In contrast to nurr 1, NGFIb mRNA expression was not found in
the prenatal CNS. NGFIb mRNA was first detected in newborn animals. Morover, the
transcript was almost exclusively found in small groups of cells in the basal ganglia.
Postnatally the NGFIb expression increased and in the adult brain NGFIb mRNA was
found in many different regions, including the olfactory bulb, striatum, hippocampal
formation and cortex. The interesting pattern of distribution of these two receptors
imply important functions in the CNS both during development and in adulthood.
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NEUROTROPHIC FACTOR EXPRESSION IN THE ANDROGEN-SENSITIVE
BULBOCAVERNOSUS MUSCLE. J. Xu and N.G. Forger*. Program in
Molecular and Cellular Biology and Department of Psychology, Univ. of
Massachusetts, Amherst, MA 01003.
Motoneurons of the spinal nucleus of the bulbocavemosus (SNB) of rats
innervate striated perineal muscles including the bulbocavemosus (Bc ) and
levator ani (LA). The survival of SNB motoneurons and their target muscles
depends on androgen during perinatal development. As a result, the muscles
and motoneurons persist in males, but degenerate in females. It has recently
been demonstrated that ciliary neurotrophic factor (CNTF), can mimic some of
the effects of early androgen in this system. CNTF prevents the death of SNB
motoneurons and BC muscles that would normally occur in female rat pups.
These observations raised the possibility that neurotrophic molecules might
mediate some effects of androgen on the developing SNB system. We have
used Northern bk>t analysis to begin to examine expression of neurotrophic
factors and their receptors in the SNB system. The BC muscle of newborn
male rats exhibited little or no expression of CNTF, but abundant expression
of the a-component of the CNTF receptor (CNTFRa) and of TrkB, the high
affinity receptor for the neurotrophins, brain-derived neurotrophic factor (BDNF)
and NT-4. Expression of both CNTFRa and TrkB was very low in adult BC,
indicating developmental regulation of these messages. To determine whether
the expression of neurotrophic factors or their receptors might be androgen
regulated, rats were treated with testosterone propionate or hydroxyflutamide,
a potent antiandrogen, from embryonic day 20 (E2O) through postnatal day 4
(P4). Expression of CNTF, BDNF, NT-4, CNTFRa and TrkB was then
determined by Northern analysis on E2O, P1 and P5 in the BC, LA, "thigh"
muscle and lumbosacral spinal cord. (Supported by NIH grant HD33044-01
and the Whitehall Foundation.)
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EFFECTS OF PRENATAL PROTEIN DEPRIVATION ON CORTICOSTERONE
LEVELS IN ADULT rats . p,p,
PA,,Ebaaafigli P-CipktLjBd J.
Rotrosen1,2. Psychiatry Service, NYDVAMC, NY, NY 1(001 O' & Dept. of Psychiatry,
NYU Medical Center, NY, NY 1(X)162.
Prenatal protein deprivation in rats has been used to probe long-term consequences
of early nutritional deprivation.
Altered hippocampal morphology and
electrophysiological functioning, as well as increased 5-HT and 5-HLAA levels in a
number of brain areas have been found Corticosterone (CORT) levels are known to be
regulated by brain 5-HT as well as glucocorticoid receptors in hippocampus. As part
of a broader study in which we examined the behavioral, morphological and
neurochemical effects of prenatal protein deprivation, we examined whether there would
be long lasting changes in basal levels of CORT or CORT response to stress. Five
weeks prior to breeding, SD rats were fed either a 6% or a 25% casein diet (Harlan
Teklad, Madison, Wl). All pups were cross-fostered to 25% dams who had given birth
within the same 24 hour period, so that the experimental group was designated 6/25 and
the control group 25/25. Pups were weaned at PND 25 and maintained on the 25%
casein diet for the duration of the study. At PND 76-78 tail blood was obtained from a
small group of rats at baseline, following 30 and 60 min of restraint, and after one hour
recovery. CORT levels were measured by RIA (ICN Biomedicals). Both 6/25 (n=7)
and 25/25 (n=7) animals showed a robust response to stress as seen by at least a 4-fold
increase in CORT levels at 30 and 60 min. However, sample size was not sufficient to
determine if the 2 groups differed in their response to stress. At PND 85, rats were
sacrificed by decapitation and trunk blood collected and analyzed for CORT levels.
6/25 males (n=9) had significantly higher basal CORT levels (mean ± SEM; 215.3 ±

EFFECTS OF CORN-FEEDING AND PROTEIN RESTRICTION ON
DEVELOPMENT OF GABAERGIC CELLS OF THE CEREBRAL
CORTEX IN RATS. HISTOLOGICAL AND IMMUNOCYTOCHEMICAL
STUDIES. S.Orozco- Suarez . A. Feria-Velasco*and A. Del Angel- Meza. Unidad

61.5 ng/ml) than 25/25 males (n=14,70.2 ± 15.6 ng/ml; p=.O48). 6/25 females (n=lO)
had a trend toward increased CORT (313.5 ±50.5 ng/ml) compared to 25/25 females

(n=14; 206.2 ±44.5 ng/ml; p=. 1^7). Thus, there appears to be a long lasting increase
in basal levels of CORT in prenatally protein deprived rats.

de Invest. Med. en Enf. Neurologicas, H.Especialidades, CMN, S-XXI, IMSS,
Mexico, D.F. and Div. Patol. Exptl. Centro de Invest. Biomedica de Occidente,
IMSS, Guadalajara, Jal. Mexico.
Nutritional deficiency in early life affects the development of the central nervous
system; there is a permanent deficit in cell number, and cell maturation is retarded
in terms of axonal growth, myelination and enzymatic development. These changes
are accompanied by a delay in the appearance of innate behavioral patterns, and
which seem to be permanently impaired. The effects of undernutrition in early life
have been recently studied in our laboratory in the following aspects: brain
development, postnatal cell formation and development of GABAergic innervation
of the sensorymotor cerebral cortex. Normal adult pregnant Wistar rats were fed
for 6 weeks with 1) Normal diet (commercial diet for rodents, 23 % protein),
2)Hypoproteic ( 8 % protein) diet on a chow- purina base and 3) corn-based diet
(with 8 % protein; low tryptophan and lysine diet) The histologic studies were
performed in the pups 1, 7, 14, 21, 30 and 60 days after birth. GABAergic
elements were analyzed by GABA-immunocytochemistry. Radial distribution of
cells and laminar numerical densities were calculated at each stage of development
by photomicrographs systematically obtained from the total cortex thickness.
Results of these studies showed that cortical thickness, total cellularity and the
GABAergic cells were significantly reduced in the corn-fed group. The statistical
significance of the difference was lower compared with the 8 % protein diet group.
Results suggest that omission of essential nutrients from maternal diet has a
greater inhibitory effect on postnatal brain development than that produced only
by protein restriction.
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EFFECTS OF PROTEIN MALNUTRITION ON HIPPOCAMPAL
GABAergic CELLS. A. Gonzalez-Maciel, M.A. Morales*, S. DiazCintra. UISI-INP. SS. 14410, Depto. Biologia Celular, IIB y Centro de
Neurobiologia, UNAM, Mexico, D.F. 04510.

EEG Power

Spectra Analysis before
and after
REM
Sleep Deprivation
in Normal and Malnourished
Rats of

The effects of protein malnutrition on GABAergic cell density (GADpositive cells) was studied in the fascia dentata and hippocampal
formation of 30 and 90 days old rats. Five weeks prior to mating
female rats were fed a 6% casein diet while control rats were fed a
25% casein diet. Malnutrition was established prenatally (6/25),
postnatally (25/6), or both (6/6). At 30 days . of age, the 6/6
malnourished group showed both a 31% significant (p<0.0008)
reduction in the hippocampus, and a 39% significant (p<0.000l)

04510

decrease in the dentate gyrus GABAergic cell density. Conversely, at
the same age, the 6/25 group displayed a 27% significant (p<0.01)
increase in the fascia dentata GABAergic cell density. No significant
differences were found at 90 days of age in hippocampal formation.
These data suggest that malnutrition affects the hippocampal
formation morphology differentially. The increase in GABAergic cell
density found at 30 days old in the 6/25 group indicates a delay in the
maturation of hippocampal formation inhibitory circuitry. A severe
decrease in GABAergic cell density was found in the 6/6 group in the
fascia dentata and hippocampal formation. In the same group,
however, a recovery was found in both structures in 90 days old rats.

Supported by DGAPA IN-204093.

60 DAYS. L. Cintra*, P. Duran, A. Galvan and S. Diaz-Cintra.
Centro de Neurobiologia, UNAM, A.P. 70228, M6xico, D.F.

It has been demonstrated that chronic protein malnutrition delays
the maturation of the mechanisms that regulates the vigilance states.
This study was designed to evaluate the effects of protein malnutrition
induced by a 6% casein diet in rats, instituted 5 weeks before mating
and continued during gestation and into postnatal life to their
offspring, after REM-sleep deprivation in a "conflict experiment", using
an inverted dark-light cycle (12D/12L). A base-line (BL) recording day
at 60 days of age was followed by one day of REM-sleep deprivation
by the platform technique in control and malnourished rats, followed
by three recovery days. We found using EEG power spectra analysis,
that the EEG relative power density of theta frequency band (4-7 Hz)
was significantly increased in both light and dark phases of BL day
one, during the first hour of dark phase of recovery day one and at
initial hour of light phase of recovery day 2, and during first and last
hour of light phase of day 3. Theta frequency band (7-12 Hz) was
significantly reduced during first hour of dark phase of BL. This results
suggest that malnutrition affects the mechanisms in central nervous
system that regulates the theta rhythm. Supported by DGAPA IN-
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PRENATAL PROTEIN MALNUTRITION ALTERS
HIPPOCAMPAL LTP MEASURES AT ALL STAGES OF
DEVELOPMENT. PJ. Morgane* J,D, Bronzino. R J. Austin-LaFrance and

PRENATAL EXPOSURE TO MALNUTRITION BUT NOT COCAINE IMPAIRS
ACQUISITION IN THE RADIAL ARM MAZE. J.S. Shumskv*. P.L. Shultz. J.R.

J.R. Galler. Center for Behavioral Development and Mental Retardation, Boston
Univ. School of Medicine, Boston, MA 02118 USA.
The ability of prenatally malnourished rats to establish and maintain long-term
potentiation (LTP) of the perforant path/dentate granule cell synapse was
examined in freely-moving animals at 15,30 and 90 days of age. Measures of the
population EPSP slope and population spike amplitude (PSA) were calculated
from dentate field potentials obtained prior to and following tetanization of the
perforant path. Signifcant enhancement of both measures was obtained from all
animals of both the diet and control groups at 15 days of age. The magnitude of
enhancement obtained from the malnourished group was significantly less than
that of age-matched, well-nourished controls. At 30 days of age, PSA measures
obtained from approximately 50% of malnourished animals showed no significant
enhancement, while measures obtained from the remaining 50% did not differ
from controls. EPSP slope measures for this age group followed the same
pattern. At 90 days of age, PSA measures also showed a bimodal distribution,
with 50% of malnourished animals initially showing a decline in PSA measures,
while the remaining 50% did not differ from controls. These results indicate that
gestational protein malnutrition has an enduring impact on hippocampal
neuroplastidty. Supported by NIH/NICHD Grant # HD22539
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Galler. and J. Tonkiss. Center for Behavioral Development & Mental Retardation,
Boston University School of Medicine, 80 E. Concord St., Boston, MA 02118.
Maternal cocaine abuse is often associated with malnutrition. To explore the separate
and combined effects of these two insults, the acquisition of a spatial task was examined
in the adult male offspring of female rats exposed to protein malnutrition (6% casein
diet) and/or cocaine (30 mg/kg) for 5 wks prior to mating and during pregnancy. Control
rats were fed a 25% casein or chow diet and saline-injections were performed as druginjection controls for all diet groups. Rats were tested using the 8-arm radial maze with
4 arms baited and were required to collect all 4 food pellets within 5 min to complete a
trial. Subjects were tested for 1 trial/day until they each acquired the task. Acquisition
of this task was completed when the rats attained the stringent performance criterion of
obtaining 3 out of the 4 food pellets within their first 4 arm entries (while still
completing the trial) over 3 consecutive days. The results showed a clear dissociation
between the effects of prenatal cocaine and prenatal malnutrition. There were no
significant effects due to prenatal cocaine on any measure in this procedure and there
were no additive effects with prenatal malnutrition. However, prenatally malnourished
rats showed impairment in two measures of acquisition: number of trials to criterion
performance and task efficiency (correct arm entries/total arm entries x 100) when
compared to controls. No differences were observed in the number of working or
reference memory errors, suggesting that the insult produced a general impact on the
acquisitional process. These results suggest that prenatal malnutrition, but not cocaine,
can impair the acquisition of a radial arm maze task, when a complex procedure with a
stringent performance criteria is employed. Supported by NIH grant DA 07934.
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BEHAVIORAL EFFECTS OF PRENATAL PROTEIN DEPRIVATION IN PREWEANLING AND ADULT RATS. D. A. Klugewicz1-2* . P. .D. Butler1-*. D. Ciplet1. and
J. Rotrosenu Psychiatry Service, NYDVAMC, NY, NY 10010' & Dept, of Psychiatry,
NYU Medical Center, NY, NY 10016*.
’
"

Recent evidence indicates that prenatal nutritional deprivation may be one early
environmental exposure that increases the risk of schizophrenia. In line with a
neurodevelopmental model of SCZ, we investigated the effects of prenatal protein
deficiency on growth rate, developmental milestones, and dopamine mediated behaviors
in pro- and gost-pubertal rats using dopamine agonists and antagonists. Five weeks prior
to breeding, virgin female SD rats were fed either a 6% or a 25% casein diet (Harlan
Teklad, Madison, WI). AH pups were cross-fostered to 25% dams who had given birth
within the same 24 hour period so that the experimental group was designated 6/25 and
the control group 25/25. Pups were weaned at PND 25, and maintained on the 25%
casein diet for the duration of the study . Weights were measured at birth, and
approximately every third day thereafter. As expected, weights of 6/25 animals did not
differ from 25/25 animals at birth or anytime thereafter. From PND 1-21, pups were
assessed for the attainment of developmental milestones and reflexes. Surprisingly, 6/25
animals attained several developmental milestones (i.e. righting reflex, negative geotaxis,
acoustic startle, ear unfolding and incisor eruption) before 25/25 animals. At PND 35
and PND 56, stereotypy was measured in rats receiving apomorphine (0.75 mg/kg, SC).
At both ages, 6/25 females (n=9), but not males, had a trend towards increased stereotypy
levels compared to 25/25 females (n=l 5), which reached significance only at PND 56.
However, d-amphetamine (1.5 mg/kg, IP) induced locomotion and haloperidol (1.0
mg/kg, IP) induced catalepsy did not differ between 6/25 and 25/25 rats at either age,
though 6/25 females (n=8) showed a trend toward increased amphetamine induced
locomotion at PND 56. Our results suggest that prenatal protein deprivation alters the
attainment of developmental milestones, and selectively increases some dopaminemediated behaviors in post-pubertal, but not pre-pubertal rats.

TRANSGEtNERATIONAL EFFECTS OF A PRENATAL TRYPTOPHAN
(TRP) DIET. Mato Sakuma^ M)to R.R.C.Go., 4434 Grayton,
Dtroit, Ml 48224.
The manipulation of a single amino acid in pregnant
laboratory rats may have an effect on their progeny.
During the third trimester,five Sprague-Dawley pregnant
rats were given a 3%TRP diet, and another five received
a O.3%TRP diet(control). In the presweaning period of the
first generation(F1) whose irothers (F0) w>re given the
3%TRP diet(n=35), significant delayed growth was noted
in comparison to the growth noted in the control (n=23).
In the postweaning to adult period, all 35 F1 rats of
FO's given the 3%TRP diet displayed signa.ficant slowness
in open-field behaviors, sensitive-ematiornality and heavier body eights Mien scored at 3,6,10 and 15 weeks of
ages. Heavier brain weights ^re noted both birth and
^^ming t:me in these F1 rats as compared to the control.
As a result of sibling mating, 59 second generation(F2)
rats, whose grandrrothers(F0) were given 3%TRP diet,
revealed longer periods of corner crouching, higher circling, longer lateicy in rearing,fewer rearing counts,
less defecation and heavier body weights than that of 21
control F2 rats in their postweaning to adult period.
The hypoctivity and erooiorality of these F2 rats ^are
noted to be more pronounced that those observed in the
F1 rats. Pheraatypic evidence may be interpreted as having a tomsgenerational effect as the result of a prenatal TRP diet. The OPRR guidline will be folLwred for car<
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CHRONIC PLACENTAL INSUFFICIENCY IN FETAL GUINEA PIGS
AFFECTS NEUROCHEMICAL AND NEUROGLIAL DEVELOPMENT
BUT NOT NEURONAL NUMBERS IN THE BRAINSTEM. S.M. Rees* and

IMPAIRED SOCIAL RECOGNITION MEMORY IN RATS OF BOTH SEXES
EXPOSED TO ALCOHOL DURING THE BRAIN GROWTH SPURT. T.D.
Tran and S.J. Kelly*. Dept. Psychology, Univ. of South Carolina, Columbia, SC
29208.
A test of social recognition memory in rats involves exposing them to a
juvenile ctnsgecific for investigation during one session and after a delay, exposing
them to the same juvenile for another session. A reduction in investigation time
during the second session suggests memory of the juvenile. This study addressed
whether alcohol exposure affects adult rats’ social recognition memory. From
postnatal day 2 through 10, rats in the alcohol group were intubated with 3
g/kg/day of ethanol in milk formula. Two hours later, they were given milk formula
alone. Mean blood alcohol concentrations reached 255.5 ±31.1 mg/dL Two
control groups were either intubated and not exposed to alcohol or not exposed to
both the intubation and alcohol. Rats were weaned at 21 days and group-housed.
No differences in body weight were found among the groups. Behavioral testing of
adult rats occurred over three days. Prior to the first session of each test day, rats
were placed in a cage with fresh bedding for 15 min. On day 1, a juvenile (21-30
days old) was placed in the. rat’s cage for 5 min and investigation time was
recorded using an S&K event recorder. After a 90 min inter-exposure interval
(IEI), the rat was reexposed to the same juvenile for 5 min and investigation time
was again recorded. On days 2 and 3, lEIs of 30 min were used, and either the
same juvenile (Day 2) or a different juvenile (Day 3) was used in the second
session. Testing occurred during the light portion of the day, and females were
only tested during diestrus; daily vaginal smears verified the stage of estrus.
Across all groups, males spent more time investigating the juveniles in the first
session than females; no differences were found among groups. Ratios of second
session to first session investigation times were examined. Scores of 1.0 indicated
no memory retention. There were no differences in the ratios between the sexes
and when scores were collapsed across sex, alcohol-exposed rats showed marked
impairment in recognizing the same juvenile in the second session after a 90 min
IEI, compared to the two control groups which did not differ. Results suggest that
early postnatal alcohol exposure impairs rats’ social memories. (Supported by a
Carolina Venture Fund Grant to S.J.K.)

MTolcos. Department of Anatomy and Cell Biology, University of Melbourne,
Parkville, Victoria, 3052, Australia.
It is now widely believed that infants dying of sudden infant death syndrome
might have a subtle underlying immaturity of the brainstem perhaps resulting
from development in a compromised intrauterine. environment. In this study we
have examined the effects of chronic placental insufficiency induced by unilateral
ligation of the maternal artery at mid-gestation (term=66-68 days) in guinea pigs
(n=29). The prenatal development of nuclei in the brainstem involved with
cardiorespiratory control and swallowing was analysed using stereological
procedures and immunohistochemistry. A method was devised to enable the
techniques to be performed on alternate frozen sections. The total number of
neurons, area of neuronal somata and volume of the hypoglossal nucleus, showed
no significant difference between control and compromised fetuses. There was a
proliferation of astrocytes, as determined by immunoreactivity to glial fibrillary
acidic protein, in the dorsal motor nucleus of the vagus, nucleus tractus solitarius
(NTS) and around blood vessels throughout the brainstem. Immunohistochemical
analysis of neurochemicals in the brainstem of compromised fetuses compared to
controls, revealed a decrease in substance P (SP) immunoreactivity in the spinal
trigeminal tract; a significant (p < 0.05) increase of 33% in the number of SPpositive neurons in the NTS and an increase in met-enkephalin (ME)
immunoreactive fibres in the hypoglossal nucleus. These results show that
although chronic intrauterine deprivation does not alter neurogenesis, at least in
the hypoglossal nucleus, there is a proliferation of astrocytes and the expression of
neurotransmitters/neuromodulators is affected
in nuclei involved with
cardiorespiratory control and swallowing;.
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ETHANOL ALTERS THE CONTENT OF PITUITARY AND
BRAIN B-ENDORPHIN ON THE 20TH DAY OF FETAL LIFE IN
THE RAT. H-L Li
and C Gianoulakis* Douglas Hospital
Research Centre Verdun, Quebec Canada H4H 1R3
At the time of birth and early postnatal life the total content and
concentration of B-endorphin in the pituitary gland was lower, while
the concentration of hypothalamic B-endorphin was higher in the fetal
ethanol than control offspring. In the present studies the content of

B-endorphin peptides in the fetal pituitary and distinct regions of the
fetal brain were measured on the 20th day of gestation when the
offspring are not experiencing the effects of ethanol withdrawal. Rats
were fed during gestation (a) with a liquid ethanol diet ad libitum; (b)
were pair-fed to the ethanol fed animals with an isocaloric liquid diet;
and (c) were fed with laboratory chow and water ad libitum. On the
20th day of gestation the fetal pituitary and distinct regions of the
fetal brain (accumbens, frontal cortex, septum, arcuate nucleus,
amygdala, hippocampus, ventral tegmental area, and central gray
matter) were dissected and extracted in 0.1 normal HCL for
estimation of the content of B-endorphin peptides. Results indicated a
lower content of B-endorphin in the pituitary gland, and slightly
higher content of B-endorphin in the brain regions, of the ethanol
exposed offspring. These ethanol induced changes in the content of Bendorphin may alter the process of neurogenesis in the fetal ethanol
offspring .
Supported by a grant from the NIAAA.
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PERINATAL METHADONE EXPOSURE AND RAT PUP
DEVELOPMENT. P.M. Kunko*. J.A. Smith. M.J. Wallace. D.T. Otev.
J.R. Maher and S.E. Robinson. Dept, of Pharmacology and Toxicology,
Med. College of Virginia, Richmond, VA 23298.
This study examined pup development and behavior following pre- and
postnatal methadone (M) exposure, and postnatal M withdrawal.
Sprague-Dawley CD rat pups, derived from dams treated with water (W)
or M (9mg/kg/day) via osmotic minipumps, were cross-fostered on
postnatal day 1 (PD1) to W- or M-treated dams, producing four
prenatal/postnatal treatment groups: W/W, W/M, M/W, M/m (pumps
implanted gestational day 7, with replacement pumps on PD10). Pups
were weighed daily and examined for the appearance of developmental
milestones. One group of litters (pups and dams) was challenged with
naloxone (1 mg/kg, s.c.) to test for physical dependence on PD 19. Pups
from remaining litters were examined for locomotor activity in an open
field on PD2l. M reduced food and water intake in the dams, but not
body weight. M-treated dams had smaller litters and smaller pups and, in
general, deficits persisted through PD10. Postnatal M decreased pup
weight from PD7-21. Postnatal M exposure appeared to enhance some
development, decreasing latency for the righting reflex in W/M pups and
decreasing latency for the negative geotaxic response in W/M and M/M
pups. M-treated dams and W/M and M/M pups exhibited signs of
withdrawal upon naloxone challenge. M/W and M/M pups exhibited less
spontaneous locomotion in the open field during the initial 5-min
observation. The results suggest both transient and lasting effects of
prenatal M exposure and withdrawal, and deficits associated with
postnatal exposure. [Supported by 1P50 DAO5274]

THURSDAY AM

NUTRITIONAL AND PRENATAL FACTORS

792.13
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PERINATAL OPIOID EXPOSURE AFFECTS CHOLINERGIC
DEVELOPMENT IN THE RAT. S. E. Robinson.* O. Mo. M. J.
Wallace. J. R. Maher. D. T. Otev. and P. M. Kunko. Department of
Pharmacology & Toxicology, Medical College of Virginia, Virginia
Commonwealth University, Richmond, VA 23298-0613.
The present study was performed to determine whether perinatal
exposure to full (methadone, M) or partial (buprenorphine, B) ^-opioid
agonists delays the development of striatal cholinergic neurons. On day
7 of pregnancy, Sprague-Dawley CD rats were anesthetized with
methoxyflurane and implanted s.c. with osmotic minipumps filled with
M (9 mg/kg/day), B (1.5 mg/kg/day) or sterile water (W). Maternal
weight, food and water intake were monitored throughout pregnancy.
Within 24 h of birth, litters were culled to 10 and fostered to dams
implanted with minipumps containing M, B or W, so that W/W, M/W,
W/M, M/M, B/W, W/B, and B/B prenatal/postnatal exposure groups
were obtained. New pumps were implanted in dams on postnatal day
(PD) 10. Choline acetyltransferase (ChAT) mRNA was measured by
Northern blot analysis in the striata of 10- or 22-day-old male pups,
using an a-32P dCTP-labelled 300 bp ChAT cDNA probe. The ratio of
ChAT mRNA to 28S RNA was significantly decreased in 10-day-old
pups exposed to either M or B perinatally. By PD. 22, only pups with
continued postnatal exposure to M had reduced ChAT mRNA.
Therefore, M and B reduce expression of mRNA for ChAT, which may
reflect a delay in the development of striatal cholinergic neurons.
However, expression of ChAT mRNA returns to control values by PD
22 in the B-exposure group and in pups after exposure to M is stopped.
[This research was supported in part by NIDA grant 1P50 DA05274].

SUBSTANCE ABUSE DURING PREGNANCY IN A HISPANIC
POPULATION: PREVALENCE AND EFFECTS ON PROGENY.
N .E. Del Valle1* Z. Rivera1, J. A. Capriles2, M.P. Casado2 and A.C.
Segarra1' University of Puerto Rico, Physiology Department and
Municipal Hospital, Department of Pediatrics2’ Medical Center, San
Juan, Puerto Rico 00936.
A sample of newborn children in the San Juan area Municipal
Hospital was taken for a prospective longitudinal study. Each week, •
ten neonates, 5 males and 5 females, of less than 24 hrs were randomly
selected to participate in the study. Urine samples of the newborn
were collected and assessed by radioimmunoassay for cocaine and
nicotine. Birth parameters such as birth weight, length, head
circumference and fontanel size were recorded. In our sample, no
neonates tested positives for morphine, 6% tested positive for cocaine
and 14% tested positive for nicotine. A decrease in birth weight and
length was observed in neonates whose urine tested positive for
cocaine but not in nicotine-positive neonates. No effect was observed
in head circumference nor in fontanel size in these nicotine and cocaine
positive neonates. We also observed a sex difference in birth weight
and length, males being larger and weighing more than females. No
sex difference was observed in head circumference nor in fontanel
size. We are currently in the process of establishing nicotine and
cocaine urine cut-off values in neonates.

792.15

792.16

THE EFFECTS OF PRENATAL NICOTINE EXPOSURE ON
DEVELOPMENTAL CHANGES IN BRAIN BIOGENIC AMINE CONTENTS. &
Muneoka*. K. Kamei. S. Muraoka. R. Tomiyoshi. T. oqawa and M. Takiaawa,
Dept. of Neuropsychi., Faculty of Med., Kagoshima Univ., Kagoshima and
Safety Research Department, Teikoku Hormone Mfg. Co., Ltd., Kawasaki-shi,

SEX DIFFERENCES IN BODY WEIGHT EFFECTS OF PRENATAL
NICOTINE IN RATS S. M. Nespor, E. J. Popke. M. A. Rahman,

Japan.
We have reported that prenatal stressful treatments such as injections, or
glucocorticoids administration affected the development of serotonergic
neuronal system in rat brain. On the other hand, prenatal nicotine exposure
via maternal injections is a treatment inducing hypoxia and ischemia to fetus,
that is mimic to the effect of maternal tobacco use. Some studies indicate that
effects of nicotine itself can be discriminated from overall effects of nicotine
exposure by using infusions. In the present study, we investigated effects of
maternal nicotine injections(inj.) or infusions(inf.) on monoaminergic neuronal
developments including serotonergic system. Pregnant SD rats were
exposed to nicotine via injections twice a day (6mg/kg/day) or infusions by
implanted osmotic minipumps (flow rate; 6mg/kg/day) from gestational day
(GD) 4 to GD 20. In the midbrain+pons-medulla (M+P-M) and the forebrain of
rat pups on postnatal day (PD) 7 and PD 15, NE, DA, DOPAC, HVA, 5HT and
5HIAA contents were measured by HPLC with ECD. Data were analyzed by
two-way ANOVA (factors of treatment (inj. or inf.) and nicotine). Main
significant changes are summarized below. In M+P-M, effects of inj.
treatments were increases in NE, DOPAC, HVA, 5HT and 5HIAA. Effects of
nicotine were decrease in HVA and increase in 5HT. In forebrain, effects of
inj. were increases in NE, DOPAC, HVA and 5HIAA, and decreases in DA and
5Ht . Effects of nicotine were increase in DA and decrease in DOPAC. In
addition, these changes in M+P-M and forebrain were dominant in PD7 and
PD15 respectively. Our results indicated that nicotine exposure affected not
only dopaminergic system but serotonergic system while inj. treatment was
likely to affect various aminergic systems.

792.17
IN UTERO EXPOSURE TO PAROXETINE LEADS TO ALTERED
PHYSICAL AND MOTOR DEVELOPMENT. J. H. Patton*. C, H. Raver. J.L.
Langdoc. Neuroscience Program, Baylor University, Waco, TX, 76798-7334.
Previous research in our laboratory has demonstrated that in utero
exposure to fluoxetine can cause morphological and behavioral teratogenic
effects (Stanford & Patton, Pharm. Biochem. & Beh., 1993, 45, 959-962; Patton,
Langdoc, & Rayer, Poster Presented at SWPA, 1995). To test the generalizability
of these effects, we exposed dams to approximately seven times the maximal
human dose of paroxetine on a mg/kg basis (4.66 mg/kg) via oral gavage
beginning on day seven of mating and ending the day of birth. Control animals
received distilled water in similar volume by gavage during the same time period.
On day three, all litters were culled to eight members, and individual pups were
weighed, measured, and toe clipped for identification. Behavioral assessment
began on day five. Paroxetine exposed litters had an increased number of
stillbirths and neonatal deaths (Stillbirths: t = -2.26, p = 0.037, df=Yl; Neonatal
deaths t = -2.49; p = 0.023,
17). In utero paroxetine exposure had no effect
on weight and length, nor upper and lower incisor protrusion time; paroxetine
exposure did, however, result in earlier eye openings (F 1,12.5 = 23.043, p <
0.001). Although paroxetine pups performed similarly to controls on surface
righting, paroxetine exposed pups performed faster on tests of negative geotaxis
(Latency: F 1,122 = 4.33, p = 0.039; Trials to Criterion: F
= 4.516, p =
0.036). The paroxetine pups also required fewer trials to reach criterion on cliff
avoidance (7'i,i26 = 3.218, p = 0.050). Combined with our previous work with
fluoxetine, results of this study suggest caution in the administration of SSRIs
during pregnancy.
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Y. Tizabi.and N. E. Grunberq* Uniformed Services University of the
Health Sciences, Bethesda, MD 20814-4799; and Dept, of Pharmacology,
Coll, of Med., Howard University, Washington, DC 20059
Maternal cigarette smoking during pregnancy results in decreased infant
birthweight.
These effects are consistent with the inverse relationship
between cigarette smoking and body weight and between chronic nicotine
administration and body weight. The effects of smoking on body weight in
adults result from effects of nicotine on energy intake and energy expenditure
and may involve effects of nicotine on plasma and hypothalamic insulin levels.
The present experiment examined effects of prenatal nicotine exposure on the
body weights and blood and hypothalamic insulin levels of Sprague-Dawley
rat pups during the first five weeks post partum. Twenty-four pregnant dams
received nicotine (6 mg/kg/day) or saline, administered by osmotic minipump,
during days 4-22 of the 22-day gestation period. Body weights for the 118
male offspring and 104 female offspring were measured 18 days, 24 days, 30
days, and 34 days post partum. Blood and hypothalami from these offspring
were assayed by radioimmunoassay for insulin levels. Nicotine significantly
and consistently reduced the body weights and the plasma and hypothalamic
insulin levels in female offspring. Nicotine slightly reduced the body weights
and the plasma and hypothalamic insulin levels in male offspring. In addition,
for female and males, the body weights correlated positively with the plasma
and hypothalamic insulin levels (p<0.01). These results are consistent with
previous reports that nicotine affects body weight and insulin levels and that
females are more sensitive to these effects of nicotine..
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IDENTIFICATION OF CORTICOSTERONE-RESPONSIVE GENES INVOLVED
IN HIPPOCAMPAL DEGENERATION. E. Vreugdenhil.* J. de Jong. J. S. Busscher
and E.R. de Kloet. Leiden/Amsterdam Center for Drug Research, Division of Medical
Pharmacology, PO box 9503, 2300 RA Leiden.
Fluctuating levels of adrenal corticoids play a pivotal role in the viability of
hippocampal neurons. In animal experiments, removal as well as excess corticosteroids
may result in the neurodegeneration of hippocampal neuronal circuits and consequently
result in deficits in cognition and in adaptation to stress.
To investigate the molecular mechanisms underlying corticosteroid-mediated
neurodegeneration in the hippocampus we have applied the differential display
technique to compare the hippocampal expression profile of four groups of animals.
We have used ADX rats and compared these with sham-operated animals. Furthermore,
as glutamate is an important additional factor in hippocampal neurodegeneration,
kainic acid was administrated to ADX rats and to sham operated rats. The display of
approximately 5000 gene products results in the identification of two differentially
expressed products between the ADX and sham-operated group and four between the
sham-operated and kainic acid-treated animals. The comparison of the ADX, sham and
kainic acid-treated groups with the ADX/kamic acid group, however, reveals 18
differentially expressed genes. These results indicate that the main mode of
corticosteroid receptor-controlled gene expression in the hippocampus is interaction
with other transcription factors (e.g. CREB, AP-1) and not primarily by binding to
hormone responsive elements of corticosterone-specific genes. Furthermore, because
corticosterone levels in the kainic acid-treated group were such that only the highaffinity MR was occupied, we suggest that the modulating effect of corticosterone on
kainic acid-induced gene expression is mediated by the MR and not by the GR.
In conclusion, we will present data on the nature of some of the differentially
expressed genes and discuss their possible role in hippocampal neurodegeneration.

SERUM RESCUES NEURONS FROM HYPEROSMOTIC-INDUCED
PROGRAMMED CELL DEATH. C. Dieckmann* and E.L. Feldman.
Department of Neurology, University of Michigan, Ann Arbor 48109.
SH-SY5Y neuroblastoma cells are a cloned cell line which ultrastructurally
resembles developing neurons. These cells are a good model system in which to
study the potential mechanisms which underlie neurotoxicity secondary to
hyperglycemic, hyperosmotic exposure, as seen in diabetes. In the current study, we
determined if serum could rescue neural cells from hyperosmolar induced growth
arrest.
SH-SY5Y cells (9 x 104 cells/cm^) were rinsed and plated directly in serum-free
media ± 5, 20, 50, 100 and 300 mM mannitol. Cell number was measured at days 1,
2 and 3 by a colorimetric assay which detects reduction of the tetrazolium salt MTT.
By day 2, 20 mM mannitol had significantly decreased SH-SY5Y cell number. The
extent of growth arrest over time correlated with the severity of hyperosmolar
exposure and was maximal at 300 mM mannitol. Serum rescued SH-SY5Y cells
from glucose-induced growth arrest in a dose-dependent fashion with significant
improvement in cell number within 24 hrs.
Programmed cell death (PCD), or apoptosis, is an active process which occurs
when an essential signal is withdrawn or a noxious signal is introduced. In
normosmolar media, withdrawing serum from SH-SY5Y cells did not precipitate
PCD measured by flow cytometry. In contrast, approximately 25, 40, 60 and 80% of
cells undergo PCD in serum-free media made hyperosmotic in 300 mM mannitol
after 24,48, 72 and 96 hrs respectively. Addition of serum rescued cells from PCD;
indeed, only 6, 14, 16 and 20 % of cells underwent PCD at 24,48, 72 and 96 hrs
respectively after hyperosmotic exposure in the presence of 10% serum. Rescue was
serum dose dependent and initially observed at 0.6% serum. Collectively, our results
imply that a factor in serum can act as a neural osmoprotectant by rescuing cells from
PCD. Sponsored by R29 NS32843 and an award from the Juvenile Diabetes
Foundation International, Number 194130.

793.4

793.3

RELIABILITY AND VALIDITY OF THE PHYSICAL DISECTOR.
G.J. Popken. P.B Farel*. Curriculum in Neurobiology and Dept. of
Physiology University of North Carolina School of Medicine Chapel Hill,
NC 27599
The analysis of many neurobiological phenomena requires accurate and
reliable estimates of neuron number. The physical disector (Sterio, 1984)
has been offered as an unbiased and efficient means to estimate neuron
number. The disector method provides estimates of neuron number based
on a small sample of cells, providing efficiency, but at a potential cost in
reliability. In this study the reliability and validity of the disector method

were investigated using frog dorsal root ganglia. Effects of variables
related to tissue orientation, volume estimation and sample size were also
considered. Recommended protocols for data acquisition by means of the
physical disector were found to introduce variability in estimates of neuron
number ranging from 0.7-95%. This variability could mask experimental
effects or introduce spurious trends. Though recommended sampling
protocols can lead to unreliable estimates, statistically reliable and valid
estimates were achieved with this method when the sample size exceeded
the recommended value by 3-6 times and when careful attention was paid
to tissue preparation and volume measurements. Disector estimates were
consistently lower than empirical estimates for ganglia cut parallel to the
long axis of the dorsal root but not for ganglia cut transverse to this axis.
Application of the physical disector thus requires empirical validation and
careful consideration of variables that may be specific to the particular
experimental situation. Supported by grants NS 16030 and NS 14899.

UPREGULATION OF BCL-2 FOLLOWING DEAFFERENTATION IN AVIAN
NUCLEUS MAGNOCELLULARIS . L.A. Adams. D.M. Hockenberv and E.W
Rubel* Virginia Merrill Bloedel Hearing Research Cntr and Fred
Hutchinson Cancer Research Cntr, Univ. of WA, Seattle WA 98195.
Interruption of Vlllth nerve activity in young chickens results in apoptotic cell death of 30% of the neurons in the ipsilateral nucleus magnocellularis (NM), the avian homolog of the mammalian anteroventral
cochlear nucleus. The protooncogene bcl-2 blocks apoptotic cell death
in many cell types, including neurons. To evaluate a possible role of
bcl-2 in mediating cell death or survival in this system, we have used
a novel antibody against chicken bcl-2 to examine the expression of the
protein in NM cells at 3,6 and 1 2 h, and 1-5 d following unilateral cochlea removal (CR) in P11 chickens. In unoperated control animals, bcl-2
is expressed constitutively in NM cells and is localized predominately to
the cell nucleus. By 3 h after CR, bcl-2 expression increases in a subset
of ipsilateral(ipsi) NM neurons, and by 6 h there is an apparent increase
in all ipsi NM neurons. Furthermore, at 6 h the subcellular localization of
the protein has become predominately cytoplasmic. At 12 and 24 h,
there are two distinct populations of ipsi cells, one with markedly lower
bcl-2 levels and the other with increased protein levels in the cytoplasm;
this pattern persists between 2 and 4 d. By 5 d, most of the surviving
cells express low levels of bcl-2 and the subcellular localization has
reverted to a predominately nuclear pattern. These results indicate that
bcl-2 expression is upregulated as an early response to deafferentation
injury, and suggest that those cells which survive are able to sustain
elevated levels of bcl-2 during a critical post-injury period. During, this
critical period, bcl-2 may exert its protective effect by interacting with
cytoplasmic constituents. (Supported by NIH grant DC00520).
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ALTERED
EXPRESSION
OF
BH1/BH2
FAMILY
GENE(S)
FOLLOWING RETINAL GANGLION CELL AXOTOMY. L. A. Levin*.
K. Geszvain. R. W. Nickells. Department of Ophthalmology and Visual Sciences,
University of Wisconsin Medical School, Madison, WI 53792.

A NEW MINIMAL ESTIMATE OF THE MAGNITUDE OF CELL DEATH IN
THE GANGLION CELL LAYER OF THE DEVELOPING RAT RETINA. L
Galli-Resta.* B. Mareheritti and M. Ensini Istituto di Neurofisiologia CNR, Via
san Zeno 51, 56127 Pisa, ITALY.
Overproduction of cells and the subsequent elimination of the excess are
common features of nervous system development. In a typical brain region about
twice as many neurons can be found in development than in adult life. However,
as many investigators have already indicated, the number of dying cells could be
higher than these figures suggest, since in many neuronal populations death
begins when new cells are still appearing. A realistic estimate of the magnitude of
cell death is missing for the lack of precise methods for assesment. However, by
labelling cells according to their time of genesis with 5-bromo-2'-doexy-uridine
(BrdU), we have been able to follow cells bom in limited intervals of time and
obtain a minimal estimate of the number of dying neurons in the rat retinal
ganglion cell layer. Surprisingly, our data suggest that at least 5 times as many
ganglion cells die than commonly believed, and a similar figure is obtained for
displaced amacrine cells.

Certain apoptosis-related genes, including bcl-2, bcl-x, and bax, share homology at the amino acid level in the BH1 and BH2 domains, through which they
also interact. As part of a search for novel members of this family, we studied
their expression in retinal ganglion cells after axotomy.
We designed degenerate oligonucleotide primers to the BH1 and BH2
domains, reducing multiplicity by eliminating nucleotides specific to human
sequences. Total RNA was isolated from Long-Evans rat retinas at 1 and 4 days
after intraorbital crush of the ipsilateral optic nerve; the contralateral retinas were
used as a source of control RNA. Reverse-transcribed (RT) cDNA was amplified
by the polymerase chain reaction and the products separated with a 1.5% agarose
gel.
A single band of the predicted 160 bp length was seen in the control retinas;
this monotonically decreased in retinas undergoing axotomy. There were no
differences in levels of a control amplimer (SI6 ribosomal protein). RT-negative
controls demonstrated no banding. This suggests that expression of one or more
members of this family decreases after axotomy, and may correlate with retinal
ganglion cell apoptosis in this setting. We are currently testing this hypothesis
with in situ hybridization studies. (Supported by NIH EY00340, Research to
Prevent Blindness, and American Health Assistance Foundation.)
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BASAL CELLS, IMMATURE NEURONS AND MATURE OLFACTORY
RECEPTORS UNDERGO PROGRAMMED CELL DEATH IN THE RAT
OLFACTORY EPITHELIUM. Thomas J. Mahalik? Dept, of Cellular and
Structural Biology. Unlv. of Colorado Health Sciences Center. Denver,
Colorado. 80262.
In the olfactory epithelium of the adult rodent olfactory receptor neurons
are generated throughout the lifetime of an animal. Despite the continual
generation of new neurons, there is no corresponding increase in the thickness
of the epithelium. This means that cell death must occur in the epithelium to
offset the continual generation of new cells. In the present study, a sensitive
method to label nicked DNA in dying cells, was combined with immunocytochemistry to determine the identity of dying olfactory cells. In addition, the
positions of apoptotic cells were mapped to provide additional information
about the identity of dying cells.
Eight adult Sprague-Dawley rats were intracardiaHy perfused with 4%
paraformaldehyde. Sections through the epithelium were mounted on slides
and were labeled with the TUNEL method. Sections were then labeled with
antibodies against NCAM, keratin, GAP43 and OMP.
The double labeling experiments revealed that each of the olfactory cell
types (i.e basal cells (keratin), immature neurons (GAP43) and mature receptor neurons (OMP)) undergo apoptotic cell death. The results of the
mapping study suggest that apoptotic cell death occurs in the lower 1/3 of
the olfactory epithelim. That is cell death is most likely to occur in basal
cells and immature neurons.

IN VIVO examination

of the electrophysiological
and
anatomical
properties
of an identified
motoneuron
committed to die . A. W. DflLonra0*. K. A. Klukas0. S. E. Fahrhach*.

and K. A. Mesce°. Dept. of Entomology and Graduate Prog, in
Neuroscience0, Univ. of Minn., St. Paul, MN 55108; Dept. of Entomology and
Neuroscience Prog.A Univ. of III. at Urtetna-Champaign, Urbana, IL 61801.
In the abdominal ganglia of the moth Manduca sexta, pairs of
motoneurons, the MN-12 cells, undergo programmed cell death within 4 days
of adult emergence. Preliminary studies on the degeneration of MN-12's
target muscle (DE-5) indicate that it degenerates early, 6 - 8 hours before the
neuron is committed to die. In addition, it has been shown that there is a lag
time of 8 -14 hours from the time the MN-12 cells are committed to die, to
when the first histological indications of somata deterioration are observed.
Our aim was to determine if and when the anatomical and electrophysiological
properties of MN-12 become altered in relation to the time of muscle
degeneration and the 8 -14 hour lag between commitment to death (at about
29 hours after adult emergence) and somata degeneration.
Neurobiotin-filled electrodes were used to examine the anatomical and
electrical properties of the MN-12s. Filled cells were reacted with a
Neurobiotin antibody conjugated to Cy-5, and viewed with a laser scanning
confocal microscope. Thus far, we find no discernible differences in the
electrical and morphological characteristics of MN-12s examined from 1 to 20
hours post ecdysis and those MN-12s older than 30 hours, even though the
older MN-12s have lost their muscle targets and experienced the triggers' for
their death hours earlier. Recordings and subsequent dye fills of both MN-12
cells in a single ganglion were sometimes obtained during cellular
degeneration. We found that one of the MN-12s had a normal appearance
while the other MN-12 lacked all arborizations. It appears that the MN-12 cells
degenerate rapidly as the two cells are known to die in close synchrony at
about 8-14 hours after the cell is committed to die.
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PHOSPHORYLATIONS ANALYSIS IN CEREBELLAR GRANULE CELLS
UNDERGOING APOPTOSIS. C. Galli. D. Mercanti. M.T. Ciotti. M. Hribal.
L. Milazzo. C. Volontd* and P. Calissano.
Institute of Neurobiology CNR, Via K. Marx 43, 00137 Rome, Italy.
We have previously described and characterised cerebellar granule cells
undergoing apoptosis following removal of high potassium (PNAS 90:1098993,1993). The drop of intracellular calcium was recognised as one of the first
events in the signal transduction of apoptotic message in this model (J.
Neurosci. 15:1172-79,1995). In this study we have analysed by two
dimensional gel electrophoresis the phosphorylation pattern of cerebellar granule
cells undergoing apoptosis. The apoptotic neurons showed a pattern similar to
control cells for the majority of protein product analysed. One single peptide
bearing about l2OkDa of molecular weight and an acidic isoelectric point
showed an increase in 32P labelling triggered by shifting extracellular potassium
from 25 to 5 mM. We followed the kinetic of the phosphorylative event from 0
to 2 hours after the triggering of apoptosis. The increase in 32P incorporation in
the 120 KDa protein occurred in the first 20 min, a plateau was kept up to 1
hour and a slow decrease leading to basal control level was observed in the
second hour of the apoptotic process. The serine threonine kinase inhibitor
staurosporine selectively prevented the low potassium induced phosporylation of
the l2OkDa protein. The phosphatase blockers okadaic acid induced an overall
augmentation of the proteins phosphorylation including the l2OkDa peptide.
Interestingly, forskolin and i Gf -1, which block apoptosis in cerebellar granule
cells, were able to prevent any change in the phosphorylation state of the
l2OkDa protein. These data confirm that an imbalance between kinases and
phosphatases is an important step in the apoptotic biochemical pathway and
describe a protein phosphorylation placed downstream the decrease of
intracellular calcium in the pathway leading to neuronal programmed cell death.

DENDRITIC APOPTOSIS: A NEW MECHANISM FOR RESTRICTED
NEURONAL DEATH. M. Sugimori* B.D. Cherksev and R. Llinas, Dept.
Physiology & Neuroscience, New York University Medical Center, 550 First
Avenue, New York, NY 10016.
While studying calcium concentration changes in Purkinje cell dendrites in
vitro using calcium dependent fluorescent dyes, we noticed that certain
manipulations resulted in the death of well defined dendritic segments. Upon
further study, we found that iontophoresis of glutamic acid could trigger local
release of calcium from intracellular stores even in the absence of extracellular
calcium and in conditions where dendritic spikes were totally absent. When the
iontophoresis injection was continuously repeated on to the same site (6 to 8
times), the calcium concentration increase became permanent and a lack of
dendrite response to further iontophoresis was noticed. In order to determine
whether the calcium concentration changes observed were triggered by the
activation of a metabotropic glutamate ligand, most probably activating IP3
dependent calcium release from intracellular stores, we repeated these experiments
after intracellular injection of heparin (500 mgms/ml). This protein prevented
the secondary release of intracellular calcium during glutamatic iontophoresis.
We further observed that following glutamate iontophoresis to a given
dendritic branch, the large release of lntrakeiiuiariy stored calcium did not,
necessarily, spread to other branches within the period observed in a slice
condition. These results are viewed as indicating localized release of calcium
from intracellular stores may, under conditions, produce apoptosis of particular
dendritic branches rather than the whole cell. There is evidence from
neuropathology, especially in aging subjects, that such dendritic apoptosis is one
of the main determinants of grey matter loss as opposed to the actual loss of
whole neurons. Supported by NIA-AG09480.
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MULTIPLE CED-3 AND CED-9 HOMOLOGUES ARE EXPRESSED IN
THE MURINE NERVOUS SYSTEM. A,Sh. Parsadanian*. J.L. Elliott, and
W.D. Snider. CSNSI, Dept, of Neurology, Washington University School of
Medicine, St. Louis, Mo. 63110.
Recent investigations in vivo and in vitro have confirmed the central
importance of ced-3 and ced-9 homologues in the regulation of neuronal
survival. However, each of these families is complex and appears to contain
many interacting members. Whether these molecules are expressed spatially and
temporally in patterns appropriate to regulate neuron survival is unclear. We
show here, using in situ hybridization, that the survival promoting ced-9
homolgues (bcl-2 and bcl-x), the death promoting ced-9 homologues (bax and
bad) and the bcl-2 binding protein (BAG-1) are diffusely expressed in the murine
peripheral and central nervous systems both during development and in maturity.
Similarly, the ced-3 homolgue, nedd-2, is expressed by virtually all neurons at
all developmental stages. In contrast, the ced-3 homolgue ICE is not expressed
in the murine nervous system.
There are however, some developmental differences in expression
patterns between the various family members. Temporally, mRNA for all of
these molecules appears to decrease as animals mature, except for BAG-1.
BAG-1 is expressed in low levels in embryonic mouse brain, then increases
during early post-natal stages and into adulthood. In maturity, both ced-9 and
ced-3 family members exhibit some cellular specificity in that expression is
much more intense in neurons than in glial cells.
These results demonstrate that multiple ced-3 and ced-9 homologues are
expressed in the murine nervous system, underscoring their central importance
to regulating both naturally occurring neuronal death during development as well
as neuronal survival in adult animals. These results also suggest that
programmed cell death in all neurons may be regulated by similar intracellular
mechanisms.

GENES ASSOCIATED WITH APOPTOSIS ARE EXPRESSED BY DYING
MOTONEURONS AFTER NEONATAL AXOTOMY. R.W . Gerfen*1. J . L.
Elliott! E. M.2 Johnson Jr., and W. D. Snider! CSNSI, Dept, of Neurology1 and
Molecular Biology2, Washington Univ. School of Medicine, St.Louis, Mo. 63110
Molecular mechanisms underlying neuronal programmed cell death are being
clarified by the identification of genes which are associated with apoptosis in vitro.
In order to assess the significance of these genes in an in vivo system, we asked
whether facial motoneurons dying after neonatal axotomy exhibit morphological
and molecular markers of apoptosis. After a right facial axotomy on post-natal day
1, newborn rat and mouse pups were sacrificed at 0.25, 1, 2, 3, 4, 5, 6, and 7 days.
Hoechst staining revealed the presence of condensed and brightly fluorescent
chromatin in facial motoneurons beginning 3-4 days after axotomy. Motoneurons
exhibiting postive Hoechst staining were most numerous at days 4 -5 post
axotomy, although they never comprised more than a few percent of facial neurons.
Terminal transferase labeling using the Tunel method also demonstrated postive
staining in facial motor neurons, again most abundant on days 4-5 after axotomy.
Using 33p labeled oligonucleotide in situ hybridization, we determined whether
axotomized motoneurons in vivo exhibit changes in mRNA expression for
transcription factors that have been linked to apoptosis in vitro. C-jun mRNA
expression is heavily increased in facial motoneurons beginning at 24 hours after
axotomy, remains elevated until day 3 and then declines. This increased c-jun
expression appears uniformly in all axotomized motoneurons. In contrast, c-fos and
NGF la mRNA expression begin to rise at 48-72 hours after axotomy, and remain
intense even at 5 days post axotomy. Importantly, intense expression is limited to a
small subset of facial motoneurons which appear shrunken and condensed. Levels of
mRNA expression for other genes linked to apoptosis either decline in motoneurons
post axotomy (JunD, cyclin Dl, nedd-2) or are never expressed (Jim B, Fos B,
ICE, Cyclin D2 & D3). These results confirm that motoneurons dying after
neonatal axotomy, do so via apoptosis. In addition the temporal pattern of
transcription factor expression is similar to what has been described in vitro (J. Cell
Biol, 127:1717).
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LONG-TERM
SURVIVAL
OF
NEONATALLY
LESIONED
MOTONEURONS IN BCL-2 TRANSGENIC MICE. F. de Bilbao and M.
Dubois-Dauphin* Dept, of Physiology, University Medical Center, 1211
Geneva, Switzerland.
We have previously reported that neonatal axotomized facial
motoneurons which overexpress Bcl-2 were protected against neuronal
death for a period of 7 days. Using the TUNEL technique, we have now
observed that following facial nerve lesion in two days old wild type mice
motoneurons die by apoptosis within 72 hours. In contrast, in transgenic
pups apoptosis was not detected in lesioned facial motoneurons during
this same period.
Furthermore we have examined the long-term survival of these
lesioned facial motoneurons overexpressing Bcl-2. Twelve weeks after
the lesion in two days old pups, 74% (n=3) of facial motoneurons
survived axotomy in transgenic mice (when compared to the control
nucleus), whereas in wild type mice all lesioned neurons had died during
the first week after the lesion. The mean diameter of control motoneurons
was 26 p.m whereas lesioned surviving motoneurons were smaller (13
nm, p< 0.001). The nucleus size of control facial motoneurons was 13 nm

IMMUNOBLOT AND IMMUNOHISTOCHEMICAL ANALYSES OF
ISCHEMIC
NEURONAL
INJURIES
IN
THE
MONKEY
HIPPOCAMPUS WITH REFERENCE TO CALPAIN ACTIVATION

and 9 nm in lesioned ones (p< 0.05).
These results suggest that Bcl-2 confers long-term survival to the
lesioned facial motoneurons. Moreover, this survival may be independent
of neurotrophic factors since we have not observed facial nerve regrowth
at the level of the facial musculature. However, ipsilateral to the lesion,
facial nerve axons were always presents in the portion of the facial nerve
travelling in the brainstem of transgenic mice.

J.Yamano*. T. Yamashima and J. Yamashita Dep.of Neurosurgery, Kanazawa
Univ., School of Med., Kanazawa 920, Japan
Calcium-activated neutral cysteine protease, calpain, is known to
proteolyze fodrin or protein kinase C. However, the role of calpain in
ischemic cell injuries has not been clarified. This study was performed to
clarify the role of calpain in the development delayed neuronal death after
transient brain ischemia in the hippocampal CA1 of the primates, using
Westernblot and immunohistochemical analyses. Two mate and two female
monkeys weighting 7.5 to 8.5 kg were used. Monkeys were anesthetized
with 1.0 to 2.0% halothane in a gas mixture of 40% oxygen and 60% nitrous
oxide. Brachiocephalic artery and subclavian artery were exposed and
occluded with vascular clips for twenty minutes. Rectal temperature was
monitored throughout the experiment and maintained at 37’C with a
heating sheet. Three antibodies that specifically recognize inactivated or
activated forms of p-calpain, and fodrin breakdown products were used.
Increase of activated p-calpain together with decrease of inactivated pcalpain were observed especially in the perikarya of CA1 neurons after
transient brain ischemia. In contrast, fodrin breakdown products, which
were not observed in the control hippocampus, increased in all sectors of
hippocampus after the ischemia. These results suggest that the activation
of p-calpain after brain ischemia pteys an important role in the development
of delayed neuronal death of the hippocampal CA1.
Key words ischemia, delayed neuronal death, calpain, hippocampus
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Bcl-2 PREVENTS OXYGEN-INDUCED APOPTOSIS IN PC12 CELLS.
T.Kubo', Y.Enokido, T.Oka, N.Sato*, Y.Uchiyama1 and H.Hatanaka. Institute
for Protein Research Osaka Univ., 3-2 Yamadaoka, and '1st Department of
Anatomy, Osaka Univ. School of Medicine, 2-2 Yamadaoka, Suita, Osaka
565, Japan.
The brain is one of the most energy consuming organs and exclusively
depends on the aerobic energy metabolism using oxygen and glucose.
Thus, the neurons are always exposed to oxidative stress in their long lives.
It has been reported that the oxdative damage was deeply related to
Parkinson's and Alzheimer's diseases. It is therefore important to investigate
the mechanisms by which the oxdative damage brings about the neuronal
death. We have reported that apoptotic neuronal death was observed when
embryonic rat hippocampal neurons were cultured in a 50% oxygen
atmosphere (Neuroscience, 57:965-972 1993). To study the mechanisms of
oxygen-induced neuronal apoptosis in molecular levels, we established the
system using PC12 cells. When cultured in a 50% oxygen atmosphere,
PC12 cells largely died within 3 days. This cell death was prevented by
protein and RNA synthesis inhibitors and the chromatin condensation was
observed in cells grown in a 50% oxygen atmosphere. These results suggest
that this cell death is mediated by an intracellular active death program, so
called apoptosis. The high concentrations of potassium (>26 mM) in culture
medium also inhibited oxygen-induced apoptosis in PC12 cells.
To
characterize the oxygen-induced apoptosis further, we used PC12 cells
overexpressing the proto-oncogene bcl-2, which has been reported to
prevent apoptosis in various types of cells. A large number of the bcl-2transfected cells survived in a 50% oxygen atmosphere for 3 days in contrast
to those transfected with the control vector. These results strongly suggest
that Bcl-2 prevents oxygen-induced apoptosis in PC12 cells.
This system should be useful for analyzing the molecular mechanisms of
oxygen-induced neuronal apoptosis in detail.

THE TUMOR SUPPRESSOR PROTEIN p53 MEDIATES DNA STRAND
BRAKES-INDUCED APOPTOTIC NEURONAL DEATH. Y. Enokidc*, T. Araki,
S. Aizawa* and H. Hatanaka. Institute for Protein Research, Osaka Univ., 3-2
Yamadaoka, Suita, Osaka 565, # Institute of Molecular Embryology and Genetics,
Kumamoto Univ. School of Medicine, 2-2-1 Honjyo, Kumamoto, Kumamoto 860,
Japan.
The tumor suppressor protein p53 serves as a critical regulator of a G1 cell
cycle checkpoint and of apoptosis following exposure cells to ionizing radiation or
DNA-damaging agents. Although the physiological function of p53 in the nervous
system is still unknown, recent studies have shown that p53 is surely expressed
both in the PNS and CNS. Especially, it was also reported that p53 induction is
associated with neuronal damage in the CNS. In this study, we focused on the
effect of DNA damage on the neuronal survival, and investigated the role of p53
in DNA damage-induced neuronal death by using p53 deficient (p53_) mice.
When mouse cerebellar granule neurons (postnatal day 15-16) were treated with
cytotoxic drugs that cause DNA damage: etoposide, a topoisomerase n inhibitor;
bleomycin, which cleaves DNA; cisplatin, which creates intrastrand cross-links; and
mitomycin C, an alkylating agent, massive neuronal death was observed within 1224 hr. In contrast, neurons from p53"z’ mice showed evident resistance o etoposide
and bleomycin but not to cisplatin and mitomycin C. Although p53'z" neurons were
also resistant to the neurotoxicity of cytosine arabinoside (AraC), neuronal death
induced by low K+ medium was similarly induced in both wild type and p53-/‘
neurons.
Furthermore, in cultures continuously labeled with 5-bromo-2'~
deoxyuridine (BrdU) for 24 hr, neither wild type nor p53_/" neurons were labeled
by BrdU. These results indicate that p53 is directly involved in DNA strand
brakes-induced apoptotic neuronal death and it mediates the different intracellular
death cascade from low K+ medium-induced neuronal death.

793.17

793.18

Global ischemia induces several genes associated with apoptosis in the
gerbil hippocampus. J. Honkaniemi*. S.M. Massa. M. Breckinridge and F,R.
Sharp. Dept, of Neurology, University of California, Department of Veterans
Affairs Medical Center, San Francisco, CA 94121.
We studied the effect of global ischemia on the expression of interleukinlB converting enzyme (ICE), bcl-2, bcl-x, and box in the gerbil hippocampus.
Using in situ hybridization bcl-2, bcl-x, and bax were all found to be expressed
in CA1-CA3 pyramidal region and dentate gyrus of the normal adult gerbil.
Following 5 or 10 min of global ischemia bcl-2 and bcl-x mRNAs were induced
24h later in CA1 neurons whereas the expression of bax was unchanged. At 72h
following global ischemia ICE mRNA was weakly induced in the CA1 region.
At this time the expression of the other genes was markedly decreased in the
CA1 pyramidal cells. Using DNA nick end labelling, neurons showing DNA
fragmentation were mainly localized in the CA1 neurons, although 72 h after 10
min ischemia, labelled neurons were also observed in the cortex and the CA3
region. The bcl-2, bcl-x and bax oligonucleotide probes detected bands of
expected size on Northern blots. However, the two ICE oligonucleotide probes
used detected two additional bands of 3 kb and 1.5 kb in addition to the
expected prominent 2 kb band. All three isoforms of bcl-x were expressed in
normal hippocampus as demonstrated by RT-PCR. 24 and 72 h after ischemia,
the relative mRNA levels of the large isoform (bc/-xL) were decreased, whereas
little change was seen in the expression of the short (bcl-xsS and transmembrane
deleted (bcl-x^) isoforms. The induction of bcl-2 may tend to prevent
apoptosis at 1 day. However, the decrease in the protective bcl-x{ compared to
the apoptotic bcl-xs may be an important factor leading to apoptotic death. This
data suggests that after global ischemia CA1 neurons express a number of genes
associated with apoptosis implying that the CA1 neurons undergo apoptosis-like
death with activation of endonuclease and fragmented genomic DNA.

A MONOCLONAL ANTIBODY THAT INDUCES
APOPTOSIS IN NEOCORTICAL NEURONS BINDS TO A
NOVEL CLASS OF DEATH RECEPTOR L.T. Zhong, L.
Noterpek. J. Oh. Y.L. Ruan. L. Butcher. K.F. FaulL A.L.
Fluhartv and D.E. Bredesen* UCLA Neuroscience Program,
Los Angeles, CA 90024, La Jolla Cancer Research Foundation,
La Jolla, CA 92037
Neuronal apoptosis during development and pathogenesis of
degenerative diseases may be induced by both internal and
external signals. In the process of searching for these death
signals and their receptors, a monoclonal antibody, designated
NAIM-1 (neural apoptosis-inducing monoclonal 1; 1 out of
13,000 clones screened), was found to induce apoptosis in some
rat neural primary cultures and cell lines. The killing was not
due to complement related cell lysis. Bcl-2, P35, and Cu-Zn
SOD, gene products which were shown to block apoptosis
induced by several but not all stimuli, prevented apoptosis
induced by the antibody. Histochemical staining showed no
antigen expression outside the central nervous system. Within
the CNS, the antibody bound predominantly to cortical neurons,
especially pyramidal cells of cortical layer V. The antigen that
the monoclonal antibody recognizes is not a member of the FASTNF receptor family. Characterization of the antigen will be
presented.
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APOPTOSIS CONTRIBUTES TO
ISCHEMIC
BRAIN
INJURY
IN
OCCLUSION/REPERFUSION MODEL IN THE CAT Z.S, Vexler*. I.V.
Klimgnskava. T.P.L. Roberts. .N, Derugin. J. Kucharczyk, .A. Arietf. Neuroradiologv
Section, Departments of Oral Biology and Medicine, University of California, San
Francisco, CA 94143, USA.
Apoptosis and necrosis, two morphologically and biochemically distinguishable
forms of cell death, have been implicated in neuronal loss following cerebral
ischemia. The purpose of this study was to evaluate the contribution of apoptosis in
brain injury in relation to the degree of hypoperfusion, using the model of focal
transient middle cerebral (MCA) occlusion in the cat.
The right MCA of three cats was occluded for 2 hours followed by 10 hours of
reperfusion. Diffusion-sensitive and contrast-enhanced MRI were performed every
two hours and maps of the apparent diffusion coefficient (ADC) and of cerebral
microcirculation (AR2*) were constructed. At the conclusion of experiments,
triphenyl-tetrazolium chloride (TTC) was perfused intracardially. 5 pm coronal
sections anatomically matching those observed on MRI were cut from formalin-fixed
brain tissue. Ischemic brain damage was established using TTC and H&E staining.
Presence of apoptotic cells was evaluated in situ by direct fluorescence or
immunoperoxidase detection of digoxigenin-labeled genomic DNA. The

LOCALIZATION OF ICE-LIKE PROTEASES, ENZYMES ASSOCIATED
WITH APOPTOSIS, IN THE MAMMALIAN CENTRAL NERVOUS
SYSTEM. R. Simanf S. Trusko. R.I. DiRocco, V.R. Marcy and R.W. Scott.
Cephalon, Inc., West Chester, PA 19380
Interleukin-lp converting enzyme (ICE) is a cysteine protease responsible
for production of mature IL-lp. Recent molecular genetic and cell biological
findings have implicated ICE and a family of homologous proteins as key
mediators of programmed cell death via apoptosis. The role of apoptosis in
neurodegenerative processes in the adult CNS and the involvement of members

contralateral MCA territory served as a control.
By two hours of MCA occlusion, the ratio of peak AR 2* effects in ischemic parietal
cortex and basal ganglia was decreased (17±8%) compared to anatomically
matched contralateral tissues, and brain edema (30-50% drop of the ADC) was
detected. Upon reperfusion, a complete restoration of cerebral microcirculation was
observed. A delayed decline of the cerebral microcirculation varied in different
areas. Lack of TTC staining correlated well with areas of prolonged perfusion deficit
on the contrast-enhanced MRI. Cells showing digoxigenin staining were present in
basal ganglia ipsilateral to the occluded "MCA, regardless of the degree of
disturbance of the microcirculation during reperfusion. In the cortex, cells showing
digoxigenin staining were preferentially exhibited in the perifocal areas of ischemic
core which were moderately perfused during reperfusion. Digoxigenin labeling was
found both in pycnotic nuclei, and in the nuclei with normal morphology as revealed
by double-labeling with 4,6-diamidino-2-ehenyliedole (DAPI) or methyl green. Our
data suggest different stages of apoptotic process in individual cells.
Apoptosis appeared to be an important early contributor to ischemia-induced cell
death in cats with focal transient ischemia.

of the ICE family are not well-understood.
We have used
immunohistochemistry to map the distribution of members of the ICE family in
the rodent CNS, and have investigated effects of neuronal injury on expression

of ICE family members. Synthetic peptides were used in preparation of antisera
predicted to recognize either all known members of the ICE family, or
specifically react with ICE (p2O subunit) of human and mouse origin or with
mouse Nedd2. In the gerbil brain, prominent ICE-like immunoreactivity was
restricted to the neuropil of substantia innominata of the basal forebrain.
Nedd2-like immunoreactivity, on the other hand, was broadly localized and
abundant in most neurons throughout the neuraxis. Although present in the
cytoplasm of neuronal perikarya, axons, and proximal dendrites, Nedd2-like
immunoreactivity was most intense in neuronal nuclei. The immunostaining
was specific; it was confirmed with a second antibody raised to a distinct
domain, and could be preabsorbed with peptide immunogen. The effect of
neuronal injury on protease content was assessed in gerbils subjected to
transient global ischemia. Immunoreactivity for ICE and Nedd2 declined in
hippocampal CA1 pyramidal neurons over 3 days, and began to appear in
astroglia as they became reactive. These results indicate that ICE and especially
Nedd2 could be involved in apoptotic mechanisms in adult central neurons, and
suggest that one target of Nedd2 action may be the nucleus.

CEREBRAL CORTEX AND LIMBIC SYSTEM IV
794.1

794.2

CALBINDIN, CALRETININ AND NADPH-DIAPHORASE IN DIFFERENT
CELL CLASSES IN LAYER I OF THE ADULT HUMAN NE0C0RTEX.
G.Meyer*,D.Galindo-Mireles,F.Carrillo-Padilla■and R.Ferres
Torres. Dept.Anatomia,Fac.Medicina,La Laguna, Spain.
Cajal-Retzius cells are considered the principal cell
type of neocortical layer I. They are common during fetal
life, but only a subpopulation survives into adulthood. We
analyze here the distribution and morphology of neurons in
layer I in 22 different cytoarchitectonic areas (primary
sensory, motor and association cortices) of 10 human brains
aged 27-96 years, by using calbindin (CB) and calretinin
(CR) immunohistochemistry and NADPH-diaphorase histochemistry. Like the fetal forms, adult Cajal-Retzius cells
have a long horizontal axon and dendrites restricted to
layer I. They occur in all areas examined, but show a topographical preference for the bottoms of the sulci. Most
Cajal-Retzius cells are CR-immunoreactive (ir), but a few
ones express CB. A subgroup of Cajal-Retzius cells, located deep in the sulci around entering blood vessels, is
moderately NADPH-d positive. A second class of large cells
in layer I is CB-ir. These neurons, observed in the prefrontal and non-auditory temporal areas, have long smooth
dendrites descending to layer III, and an apparently local
axon in layer I. Their similarity with CB-ir neurons in
deeper layers suggests that they do not belong to the group
of Cajal-Retzius cells, but rather share the morphology,
and possibly the developmental history, of neurons derived
from the cortical plate.

POSTNATAL DEVELOPMENT OF LAYER IIIC PYRAMIDAL NEURONS IN
THE HUMAN PREFRONTAL CORTEX: A RAPID GOLGI STUDY. H.B.M.
Uvlines (11. Z. Petaniek (1.2). I. Kostovid (2HSPON: European Neuroscience
Association); (1) Netherlands Institute for Brain Research, Meibergdreef 33, 1105 AZ
Amsterdam, The Netherlands, (2) Croatian Institute for Brain Research, Zagreb,
Croatia.
We studied the dendritic development of layer IIIC pyramidal neurons in the
region of Brodmann’s area 9 of the human prefrontal cortex (PFC) in rapid Golgi
stained sections using a 3-dimensional semiautomatic system developed at the
Netherlands Institute for Brain Research. Quantitative analysis was performed on
basal dendrites of 25 subjects ranging from newborn up to 91 years. Research
questions are (a) which phases of developmental growth can be detected, (b) is
dendritic overgrowth apparent in this crosssectional study, (c) which life-span
alterations are detectable, (d) does the development of layer IIIC pyramidal dendritic
processes take place later than those in layer V pyramidal neurons and (e) can data
of this silver rapid Golgi study be compared with those of the mercury Golgi-Cox
study. So far, the results show a rapid dendritic growth of layer IIIC pyramidal
dendrites in the first year. The number of branches in basal dendrites did not increase
further after the first month, but especially terminal segments elongate and as a
consequence total dendritic length until 1-3 years. Somata size reached adult values
around 1 year and, at the age of 6 years, two specimen showed overgrowth in size.
In addition, a temporary exuberant number of spines on these pyramidal cells was
detected during the period of 3-6 years (Petanjek et al., 1995). In this study no
dendritic regression in normal aging was evident, although interindividual differences
increased after the age of 50.
In this rapid Golgi study, the maturation of layer IIIC pyramidal cells ended no later
(if not earlier) than that of layer V pyramidal cells (Petanjek et al., 1995). A similar
conclusion was reached in our Golgi-Cox study (Koenderink et al., 1994). Finally this
study indicates that after structural maturation of layer IIIC pyramidal dendrites,
chemical maturation of these neurons will continue (Kostovid et al., Neurosci. Lett.
90: 107, 1988).

Supported by the Ministry of Science, Croatia, and the Van den Houten Foundation,
The Netherlands.

794.3

794.4

CALLOSAL NEURONS AND GLIAL CELLS IN THE DEVELOPING
CEREBRAL CORTEX OF HUMAN FETUSES. L. deAzevedo, R. Lent and

CALLOSALCY-PROJECTING SUBPLATE CELLS IN FETAL HUMAN
BRAINS. R. Lent* L deAzevedo and C. Hedim-Pereira. Institute de

C, Hedin-Pereira* Instituto de Ciendas Biomedicas, UFRJ, 21941-590 Rio
de Janeiro, and Institute Fernandes Figueira, FIOCRUZ, 22250-020 Rio de
Janeiro, Brazil.
Wk have studied the morphology of developing callosal neurons and glial
cells in human fetuses, by implanting Dil crystals respectively into the
corpus callosum and in the marginal layer of two premature fetuses
deceased at estimated ages of 28- and 33-weeks gestation. Small,
paraformaldehyde-fixed blocks containing the cingulate gyrus and the
callosum were dissected and implanted with crystals of Dil. The blocks
remained in fixative during 4-6 months before being cut coronally at 300pm

and counterstained with DAPI. Most callosal neurons were spiny pyramids
located at different 'depths in the cortical plate, with well-developed basal
dendrites, and apical dendrites that consistently arborized within the
marginal layer. Other cell types were rare, such as bipolar and multipolar
neurons, and inverted pyramids. Glial cells became labelled with Dil ether
by the pial crystals or by contiguity with labelled callosal fibers. Three
morphological types could be discerned: (1) radial glia with processes
attached to the pial surface but not to the ventricular wall; (2) glia) cells with
short apical processes, and (3) astrocytes. Results show that by 28 weeks
gestation callosal neurons are advanced in their morphological

differentiation and radial glial cells are transforming into astrocytes,
suggesting that radial neuronal migration has ceased in the human cerebral
cortex.
Financial support: CNPq, Finep^.
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Ciendas Biomedicas, UFRJ, 21941-590 Rio de Janeiro, and Institute
Fernandes Figueira; FIOCRUZ, 22250-020 Rio de Janeiro, Brazil.
Subplate neurons have been implicated in the formation of cortical
pathways of developing non-human mammals. To verify if these neurons
project callosal axons in the developing human brain, and to study their
morphology, we placed crystals of Dil into the callosal tract of two
premature fetuses deceased after birth. Their estimated ages at death were
respectively 28 and 33 weeks of gestation. Small, paraformaldehyde-fixed
blocks of the cingulate gyrus containing the corpus callosum were dissected
and implanted with crystals of Dil. The blocks remained in fixative during 46 months, before being cut coronally at 300 pm. Sections were
counterstained with DAPI, and screened under a fluorescence microscope
to identify the labelled cells and delimit the cortical subplate. Several
neurons located within the subpate were detected in both brains, and were
documented photographically or drawn through a camera ludda. Most of
these neurons were smooth, bipolar cells with long, tangential dendrites
spanning a large extent of the Cegulato gyrus, and some had labelled
axons that could be followed into the corpus callosum. A few were radially
oriented bipolar neurons, multipolar cells with no particular orientation, and
inverted pyramids. Results reveal that subplate cells in the developing
human brain do project axons through the callosum. Furthermore, the
characteristic tangential orientation of these cells' dendrites provides a
favorable architecture for interactions with afferents.
Vandal support: Finep, CNPq.
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SEX DIFFERENCES IN RESTING CEREBRAL GLUCOSE
METABOLISM IN MONKEYS. M. J. Raleigh*. W. P. Melega. S-C.
Huang. S. Cherry. Michael T. McGuire, and M. E. Phelps. Depts. of

Psychiatry and Molecular and Medical Pharmacology, UCLA School of
Medicine, Los Angles, CA 90024-1759.
This positron emission tomography (PET) study examined the
relationship between sex differences in local cerebral metabolic rates for
glucose (LCMRGlc) and the emergence of gender differences in behavior
in developing vervet monkeys. We documented LCMRGlc in nine regions
of interest (ROI) in conscious monkeys. The seven male and eight female
subjects ranged two to 12 months and lived in complex, species typical
social groups. Sex differences in aggression, affiliation and play were not
present prior to six months of age but became prominent between six and
12 months of age. Similarly there were no sex differences in LCMRGIg in
any ROI before subjects were six months old. However between six and
12 months of age, females had higher LCMRGlc than males in the
orbitofrontal, dorsolateral frontal, temporal, and parietal cortex by 21%,
23%, 25%, and 23% respectively. By contrast, there were no sex
differences in LCMRGlc in the visual cortex, primary motor cortex,
thalamus, cerebellum, or brainstem. Thus sex differences in LCMRGlc
are more pronounced in cortical association areas than in other regions and
emerge coincident with the appearance of sex differences in complex
social behavior. Gender may be a critical variable in specifying the links
between developmental changes in LCMRGlc and behavior. Supported by
the Dana Foundation, the Veterans Administration, and the NINDS.

794.7

THE ROLE OF CELLULAR ACTIVITY IN THE DEVELOPING CEREBRAL
CORTEX. G .Maeowan. and D.J. Price* Department of Physiology, University
Medical School, Edinburgh EH8 9AG, U.K.
An in vitro organotypic co-culture system was used to examine the
development of the thalamocortical system. In culture embryonic day 15
thalamus innervates postnatal day 6 cortical explants and axons terminate
within layer 4, as in vivo. Our hypothesis is that the release of
neurotransmitters contributes to the determination of cell fate and target
selection within this co-culture system. Neurotransmitter release may require or
induce fluctuations in activity.
We either added tetrodotoxin (TTX), a sodium channel blocker, or increased
potassium levels (to depolarise cells) in the developing co-culture system. TTX
(10'6M) resulted in increased thalamic outgrowth and eliminated the recognition
of layer 4 by thalamic axons. KC1 ( 5xlO°M) resulted in excessive thalamic and
cortical outgrowth and abolished target recognition. TTX and KC1 treated cocultures were sectioned and Nissl stained to reveal effects on cell viability.
Preliminary results indicate that TTX enhances cortical cell viability, perhaps
by reducing glutamate induced cell death in these co-cultures.
These experiments support a role for activity in the determination of cell fate
and target recognition in the cortex. We are currently investigating whether
neurotransmitters are involved in these processes, by adding specific receptor
antagonists to the co-culture system.

794.8

POSTNATAL DEVELOPMENT OF ANATOMICAL AND
ELECTROPHYSIOLOGICAL PROPERTIES OF LAYER I
NEURONS IN RAT NEOCORTEX. Fu-Ming Zhou* and John J.
Hablitz Neurobiology Research Center, University of Alabama at
Birmingham, Birmingham, AL 35294.

Layer I and Cajal-Retzius (CR) cells are thought to be important in neocortical
development with the CR cells thought to mature very early. Using whole cell
patch clamp techniques and intracellular biocytin staining, we have studied the
postnatal development of layer I neurons in the rat neocortex. Physiologically, in
the first postnatal week, all layer I neurons had low resting membrane potentials, .
high input resistances and long membrane time constants. Action potentials (APs)
were short in amplitude and long in duration. The firing frequency attained in

very young cells was lower than in older ones. These parameters matured rapidly
during the first 10 postnatal (PN) days. Very young layer I neurons had a
prominent hyperpolarization-activated depolarizing “sag” which decreased with
age. Morphologically, within the first postnatal week, bipolar horizontal neurons
were prominent in layer I. These cells had very simple axonal arbors which did
not extend into deep layers. Starting around p N7, these horizontal cells declined

in number. Around PN10, nonpyramidal neurons with diverse morphology
became the main neuronal components in layer I. Axonal collaterals of these cells
were extensive and formed elaborate arbors, reaching into deep layers. These
results suggest that 1) membrane properties of rat neocortical layer I neurons,
including CR cells, are very immature at birth, 2) CR neurons do not show
significantly earlier maturation in membrane properties than other layer I
neurons, and 3) both membrane and morphological properties of layer 1 neurons
mature rapidly in first two postnatal weeks.

DUAL COMPONENT mEPSCs IN LAYER I NEURONS OF RAT
NEOCORTEX. John J. Hablitz* and Fu-Ming Zhou. Neurobiology
Research, University of Alabama at Birmingham, Birmingham, AL
35294.

Dual component miniature miniature excitatory postsynaptic currents (mEPSCs)
involving NMDA and AMPA receptors have been described in neocortical
pyramidal cells. Using whole-cell patch clamp techniques and direct visualization
of neurons, we examined the properties of mEPSCs in enigmatic layer I neurons.
mEPSCs were recorded from all the layer I neurons tested. mEPSCs were
prominent, occurring at rates of up to 10 Hz. In normal extracellular solution
containing 1.3 mM Mg2*, the inward mEPSCs consisted of fast and slow
components. The slow component was absent at -70 mV, became apparent at -30
mV, was outward at +60 mV, and did not shown significant rectification. In
Mg2+-free solution, the slow component was observed even at -70 mV. D(-)2amino-5-phosphonovaleric acid (D-APV) at 20 pM completely blocked the slow
component indicating mediation by NMDA receptors. At -70 mV, the fast
component had a rise time of about 1 ms, decayed with a single exponential time
course of about 2.5 ms and was blocked by CNQX, suggesting mediation by
AMPA receptors. In all layer I neurons tested (N=2O), the fast component never
reversed polarity even at holding potentials as positive as +80 mV. Thus, synaptic
AMPA receptors on layer I neurons were highly inwardly rectifying. Bath-applied
kainate (30 pM) induced an inwardly rectifying current which was blocked by
CNQX. The degree of rectification of kainate responses was less than for
mEPSCs. Layer I neurons have dual component mEPSCs mediated by NMDA and
AMPA receptors. Synaptic AMPA-mediated responses are highly inwardly
rectifying perhaps reflecting lack of GluR2 subunits.

794.9

794.10

CHAOS CONTROL IN THE DEVELOPING HIPPOCAMPUS?. J.V,
Sanchez-Andres*. L. Menendez de la Prida and S. Bolea. Dept. Fsisologia,
Inst. Neurociencias, Univ. Alicante, Aptdo. 374, 03080-Alicante, Spain.
Intracellular recording in hippocampal slices from rabbit shows sequential
changes in the spontaneous activity of CA1 cells along early post-natal
development (days 0-20 after birth). The maturation can be described as four
stages: 1. Aperiodical bursting is the predominant event just after birth,
accompanied by aperiodical spiking. 2. Spiking becomes more frequent and
periodic while the bursting frequency decreases. 3. Bursting disappears, while
periodic spiking remains. 4. Spiking frequency decreases to the level usually
recorded in adult animals. The transitions among patterns are not
homogeneous in the CA1 field of every single subject, pointing to an
asynchronic maturation of the neurons. Independently of this heterogeneity the
majority of cells behave similarly (stage 4) by the end of the studied period.

ONTOGENY OF THE PAIRED-PULSE INDEX: A MEASURE
OF THE DEVELOPMENT OF HIPPOCAMPAL DENTATE
GRANULE CELL MODULATION. J.D, Bronzino/ J.H. Blaise. RJ,

The transition from stages 1 to 3 correlates with a reduction in the
afterhyperpolarization following injection of depolarizing current. This
transition has been modeled with a Hodgking and Huxley formalism, showing
that the reduction in the afterhyperpolarization can account for the sequential
change in the pattern.
The transition from the early aperiodic to the adult-like pattern can be
theoretically analyzed in terms of interspike interval maps showing a
progressive degree of organization.
We hypothesize that the maturation of the afterhyperpolarization constitutes
the main element in the early maturation of the pattern, while the last stage
would be a consequence of both the development at the network level and of
the synaptic interactions. If this process constitutes formally a case of chaos
stabilization or a dynamical bifurcation would require further studies.
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Austin-LaFrance and PJ, Morgane. Dept. of Engineering and Computer Science,
Trinity College, Hartford, CT 06106 USA.
Measures of hippocampal dentate granule cell field potentials recorded in
response to paired-pulse stimulation of the perforant pathway applied over a
range of interpulse intervals (IPI) were used to evalauate developmental changes
in modulation of granule cell excitability. Population spike amplitude differences
between the first and second evoked response of a pulse pair were used to
construct a paired-pulse index (PPI) for chronically implanted, freely moving
male Sprague-Dawley rats recorded at 15, 30, and 90 days of age. Comparison
of the resulting PPIs indicated a distinct developmental progression involving the
early inhibitory, facilitatory, and late inhibitory phases of granule cell modulation
identified in adults. This progression was characterized by markedly less early
inhibition (IPI = 20 and 30 msec.), a lower level of facilitation (IPI = 50 -150
msec.), and a complete lack of late inhibition (IPI = 300 -1000 msec.) in 15 day
old rats when compared to 90 day old animals. Values of the PPI obtained from
30 day old rats fell intermediate between the 15 day and adult groups. These
results suggest that the PPI can be effectively used as an indicator of the level
of functional maturation of intrinsic (i.e., GABA-ergic basket cells) and extrinsic
(e.g., medial septum, median raphe, and locus coeruleus) afferent systems
modulating dentate granule cell excitability. This research supported by NSF

Grant # BCS-9208128.
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ALTERATIONS IN THE PROPER-TIES OF HIPPOCAMPAL NEURAL
NETWORKS FOLLOWING EXPERIMENTALLY-INDUCED DECREASES IN
NETWORK SIZE IN INFANCY. Karen L. Smith. Chong L. Lee and John
W. Swann*. The Cain Foundation Laboratories, Department of
Pediatrics, and Division of Neuroscience, Baylor College of Medicine.
A number of neurological disorders are thought to be characterized by a
reduction of hippocampal pyramidal cell number in early life. Experiments
were undertaken to assess the effects of reduced pyramidal cell number
on hippocampal network operations in adulthood. Infant rats (3-5 days of
age) were injected intrahippocampally with NMDA (5 nmoles in 5OnL) and
allowed to mature (50-60 days of age). Injection were made in area CA3.
Histological examination of the hippocampus demonstrated a marked
reduction in the size of the CA3A and CA3B hippocampal subfields.
Hippocampal neuronal number was reduced. However, a well formed
CA3 cell body layer was present and there was no evidence of reactive
gliosis. Recordings from hippocampal slice preparations were undertaken
in medium containing picrotoxin (2OpM). These experiments assessed the
status of pyramidal cell recurrent excitatory networks. Prolonged
synchronized population discharges (3-10 sec in duration) occurred in
NMDA treated hippocampus but were not observed in slices from
contrateral hippocampus or vehicle injected controls.
Field potential
analysis and recordings from minislices suggest that the discharges arose
from CA3c. Paired intracellular recordings suggest that when discharges
occurred in CA3a or CA3b neurons they were driven by events originating
in CA3c. Thus in areas of the CA3 region most altered by NMDA
injections recurrent excitatory connectivity maybe poorly developed. In
adjacent regions, hyper-interactive networks may exist.
Supported by NIH Grants NS18309 and NS11535.

ELECTROPHYSIOLOGICAL ASPECTS OF POSTNATAL DEVELOPMENT OF RAT NUCLEUS ACCUMBENS IN VITRO. M. Belleau and R. A
Warrai*. Centre de recherche Fernand-Seguin, Montreal, Quebec, H1N 3 V2.
The nucleus accumbens (nAC) receives important glutamatergic input from
several limbic structures. Each of these structures innervates the nAC with
a characteristic pattern. These patterns are presumably achieve in part through
the mutual interactions between these fibres within the nAC during development. In addition, the interactions between these different inputs may have
global effects on nAC development itself. As a first step to study the influence
ofglutamateigic input cm the development of the nAC, we have characterized
the physiological properties of nAC neurons and of the hippocampal
innervation of the nAC during postnatal development in rat in vitro.
Whole cell recording ofnAC neurons was performed in parasagittal 4OOpm
thick slices from animals aged from less than a week up to 60 days . A
unipolar tungsten microelectrode was used to electrically stimulate
hippocampal fibres.
Young nAC neurons displayed high input resistance, long membrane time
constant, slow action potential and a poor capacity to fire repetitively as
compare to neurons from older animals. The stimulation of the fimbria usually

produced a dual excitatory postsynaptic potential presumably consisting of a
non-NMDA and of a NMDA component in young nAC neurons. During the
second postnatal week, a third late inhibitory component appears which
presumably depends upon the maturation of nAC intrinsic circuitry to be
expressed.
These results show that glutamatergic input is present early during postnatal
life and, as a consequence, that it may have an important influence on the
normal development of nAC.

VISUAL CORTICAL DEVELOPMENT II
795.1

795.2

INTRINSIC INTERLAMINAR CONNECTIONS IN AREA V2 OF MACAQUE
MONKEYS ARE ALTERED AFTER MONOCULAR DEPRIVATION.
I.Stepniewskal. J.H. Kaask and M. H. Tipges2*. DepL of Psychologyl,
Vanderbilt University, Nashville, TN 37240 and Yerkes Reg. Primate Res. CtA
of Emory Universiiy,, Atlanta, Ga 30322
We studied the organization of intrinsic laminar connections in V2 of macaque
monkeys monocularly deprived from birth, either by surgical removal of the lens
(aphakic group) or by wearing a black contact lens (occluded group). Connections
of cortical layers in these 2 groups and in control non-deprived monkeys were
determined by making 100-200pm injections of the Fluororuby under visual
control into approximately 2 mm thick cortical slices incubated 3-4h in a chamber
with oxygenated Ringer’s solution and then cut sagittaly into 5Opm sections. One
series of sections was used for fluorescent microscopy, alternate sections were
reacted for CO and Nissl substance to reconstruct the laminar borders. All
injections produced narrow radial bands 200-300pm in diameter of dense label
within columns extending across cortical layers. Other features of transported label
depended on the laminar location of the injection. Injections in supragranular
layers produced the densest label in layers 2/3 and 5 that was often laterally offset
from the injections axis. Label in layers 4 and 6 was always more confined.
Injections in infragranular layers led to dense, widespread label in layers 5/6 and
more confined label in layers 2/3. Monocularly deprived monkeys exhibited
differences from normal in density and lateral extent of horizontal connections. In
comparison with controls, horizontal connections were denser in occluded and
sparser in aphakic monkeys. They were unusually widespread in occluded
monkeys, extending laterally up to 4mm, and often unevenly distributed, forming
zones of dense and sparse label. Conversely, the extent of horizontal connections
in aphakic animals was restricted in comparison with control (approx. 0.5 and
1mm from the injection site, respectively). These data show that deprivation
effects can be traced into association cortex, past the geniculostriate
system. {Supported by EY-09737; RR-00165 and EY-02686).

DIRECTION SELECTIVITY OF CORTICAL NEURONS IN CATS
REARED WITH CONVERGENT STRABISMUS. S. Hatta. Y.M,
Chino. & E.L. Smith III*. College of Optometry, University of
Houston, Houston, TX 77204-6052
Early discordant binocular visual experience disrupts the signal
transfer characteristics■ of LGN X-cells in cats (Chino et al., PNAS,
1994). Specifically, contrast sensitivity of l Gn units is reduced
relative to their retinal inputs and substantial delays in signal transfer
occur in some, but not all, LGN units. According to the linear
summation model' for direction selectivity in simple cortical neurons
(Reid & Shapley, 1991; Albrecht & Wilson, 1991; Jagadeesh &
Ferster, 1993), our results in the LGN predict that the direction
selectivity of simple cells is likely to be abnormal in strabismic cats.
To test this prediction, unilateral convergent strabismus was
surgically induced in 3-week-old kittens. Upon their maturity,
extracellular single-unit recording- techniques and stimulation methods
with drifting or contrast-reversing sine wave gratings (24% contrast,
1.6 Hz & 3 .1 HH wwe used to measise die direction selectivity of
striate simple cells. We found that direction selectivity determined
with rcifting gratings was significantly reduced in strabismic cats
compared to that in normal control cats. The reduction was directly
related to alterations in the spatio-temporal summation characteristics
of afferent signals revealed by contrast reversing stimuli. The results
suggest that functional anomalies in LGN relay cells may be closely
associated with the development of anomalous receptive field
properties in cortical neurons. Supported by NIH Research Grants
EY-08128, EY-03611, & RR-07146.

795.3

795.4

GENICULOCORTICAL AFFERENT
ARBORS
IN
BINOCULARLY
DEPRIVED KITTENS.
AAmtonuri and! M.P.Srryke**. K<xk Cotter for
Integrative Neuroscience, Dept. Physiol., Univ. California, San Francisco, CA
94143-0444
In the kitten as little as 6 days of monocular deprivation by lid suture (MD)
during a critical period causes a remarkable remodeling of the geniculocortical
projections serving the deprived eye (Antonini & Stryker, 1993). These plastic
changes correlate with physiological changes in MD animals in which visual
cortical neurons become almost completely unresponsive to the deprived eye.
These physiological and morphological changes may be due either to activitydependent competitive interactions between the projections serving the two eyes or
to disuse. We addressed this question by analyzing the morphology of
geniculocortical arbors in binocularly deprived kittens in which the afferents

ROBUST TWO-DAY OCULAR DOMINANCE PLASTICITY REVEALED BY
SINGLE-UNIT RECORDING AND INTRINSIC SIGNAL IMAGING OF KITTEN
AREA 17. TK Hensch*. MC Crair. ES Ruthazer. M Faeiolini. DC Gillespie, and
MP Stryker. Dept of Physiology, Univ. of California, San Francisco, CA 94143.
Occluding vision through one eye during a critical period in early life results in a
loss of responses to the deprived (D) eye in visual cortex. D-eye geniculocortical
arbor rearrangement appears to account for some of this loss, since their size is
reduced by about half following 6 days of monocular deprivation (MD) (Antonini &
Stiyker Science ‘93). Anatomical effects of 4 days MD are less pronounced (A & S,
pers comm), however, and varying degrees of plasticity in striate cortex have been
noted for much shorter periods of deprivation. Rapid MD effects may reflect an
important transitional state when D-eye afferents are anatomically present but
functionally ineffective. We, therefore, investigated whether a brief MD of 2 days

serving the two eyes were equally deprived and subject to disuse, and neither had a
competitive advantage.
Kittens were deprived by binocular eye-lid suture (BD) for one or two weeks prior
to perfusion at 6 weeks of age. The arbors were anterogradely filled with
Phaseolus lectin iontophoresed into the main laminae of the lateral geniculate
nucleus.
The lectin was visualized immunohistochemically, and single
geniculocortical arbors were serially reconstructed in 3-dimensions.
BD
geniculocortical arbors were altogether indistiguishable from arbors in normal
kittens or non-deprived arbors after short-term MD. They were significantly
different from deprived arbors in the total length (mean: 15728 vs 7744pm,
p<.001), number of branch points (mean: 150 vs 57, p<.001) and maximal density
(mean: 78 vs 49pm/1000pm2,p<.02). These results support the notion that
competitive mechanisms rather than disuse are responsible for gross morphological
remodeling of geniculocortical arbors.

can consistently produce a loss of functional connections from the D eye to area 17.
Physiological recordings were carried out blind to the status of monocular vision
initiated between postnatal day 27 to 31. During 48 hours of eyelid suture, kittens
were either returned to their home cage or handled throughout the day to ensure
that they remained alert. Ocular dominance of single units was profoundly shifted
in both cases (CBI=O. 10; u =1O7 cells, N=2 animals, and n=l77 cells, N=3 animals,
respectively). Robust orientation maps of intrinsic optical images from the same
regions of cortex were acquired for the non-D eye but never observed for the D eye
(N=4/4 cats). Our earlier work has shown that two potential initiators of plasticity,
metabotropic glutamate receptors and nitric oxide . synthase, do not mediate effects
of 5-day MD. Similarly, neither MCPG (5OmM) nor NOArg (22mM) affected the
shift in single-unit responses (CBI=O. 12, n=5O cells each) or the disappearance of D
eye orientation maps following two days of eyelid suture.
Thus, powerful two-day ocular dominance plasticity at the peak of the critical
period is indistinguishable by these analyses from week-long MD effects.

Antonini A. & Stiyker. MP, (1993)
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VISUALLY EVOKED POTENTIAL (VEP) ASSESSMENTS OF VISUAL
FUNCTION IN A MONKEY MODEL OF TREATMENTS FOR HUMAN
UNILATERAL INFANTILE CATARACTS. A.D. Aiyer, R.J, Brown, L. Stevens,
and R.G. Boothe*. Division of Neurobiology and Vision, Yerkes Research
Center, Emory University, Atlanta, GA 30322.
The purpose of these studies is to analyze treatment strategies for children
with unilateral infantile cataracts. Infant rhesus monkeys received a lensectomy within 10 days of birth to mimic the surgical treatment that is typically
given to human infants. Then infants were placed into two groups. The first
(AFP-NP) wore extended wear contact lenses that focussed the aphakic eye
to a far point and the fellow eye to a near point. The rationale for this
treatment was to force usage of the aphakic eye when viewing far targets and
the fellow eye when viewing near targets. Targets at mid distances would be
expected to provide some binocular stimulation. The second group (ANP-PO)
wore an extended wear contact lens on the aphakic eye that focussed it to a
near point, and an occluder contact lens on the fellow eye for up to 90% of the
time. The rationale for this group was to use part time occlusion to force usage
of the aphakic eye. Animals in both groups were reared with the lenses until
1.5
years of oge. Behavioral assessments with preferentini looking methods
during the rearing period indicated good acuity development in all eyes.
However, VEP assessments at 3 years showed that the acuities in the aphakic
eyes of the AFP-NP group had deteriorated substantially while acuities in the
ANP-PO group were relatively stable. All animals exhibited directional motion
asymmetry which is a marker for impaired binocular function, although
strabismus was not as prominent in the AFP-NP group. It is concluded that
selective defocus treatment methods are somewhat better at promoting
binocular function, but part time occlusion methods are better at maintaining
spatial vision. Supported by EYO5975 and RR00165.

THE POSTNATAL DEVELOPMENT OF DENDRITIC
MORPHOLOGY IN THE RAT VISUAL CORTICOCOLLICULAR
PROJECTION. G. Prusky*. Department of Psychology, The University
of Lethbridge, Lethbridge, Alberta, Canada T1K 3M4.
Previously, we have reported that rat occipital corticocollicular axons
undergo predictable and significant reorganization during early
postnatal development; a pattern that is altered by removing visual
input. In the present study, we examine the growth of dendrites in this
projection, during normal postnatal development and under visuallyaltered conditions, in order to elucidate the mechanisms that control the
maturation of dendritic morphology.
During the first month of postnatal development, corticocollicular
neurons were retrogradely labelled in vivo with injections of a
fluorescent retrograde tracer into the superficial layers of the superior
colliculus. Two -three days after these injections, between P5 and P30
at 5 day intervals, animals were perfused, their brains were fixed and
sectioned, and cells were identified and intracellularly-injected with a
horseradish peroxidase conjugate. The peroxidase was converted into
a permanent, dark reaction product, the cellular dendrites were
reconstructed and the number and centrifugal order of the branches
were analyzed.
Between P5 and PI5 corticocollicular dendritic arbor gradually
increased in size and complexity. However, after PI5 there was no
significant alteration in dendritic morphology. This pattern of growth
was not altered by neonatal enucleation, or by early eye opening at P7.
These data suggest that the growth of corticocollicular dendrites may
be guided by an intrinsic mechanism that is independent of
environmental influence.
Supported by an NSERC grant to G.P.

795.7

795.8

DEVELOPMENT OF CAMP-LINKED METABOTROPIC
GLUTAMATE RECEPTOR (mGIuR2/3) AND DARK REARING
INFLUENCE ON mGluRs (1, 2/3 AND 5) IN THE CAT VISUAL
CORTEX. S.N.M. Reid*. C. Romano. T, Hughes. D. Devlin and N.W.
Daw. Department of Ophthalmology and Visual Science, Yale University
School of Medicine, New Haven CT 06520-8061; Department of

ALTERATION OF THE LTP/D MODIFICATION FUNCTION IN VISUAL
CORTEX OF DARK-REARED RATS. A. Kirkwood* and M.F. Boar Dopt. of
Neuroscience and HHMI. Brown University. Providence. RI 02912.
Experience-dependent modifications of binocular connections in the immature
visual cortex may employ the mechanisms of long-term potentiation (LTP) and
long-term depression (LTD). Induction of both LTP and LTD require tho
activation of NMDA receptors. The magnitude and sign of plasticity appears to
depend on tho pattern and amount of NMDA receptor activation during
conditioning stimulation. In visual cortex. the duration of NMDA recoptormodiatod EPSCs undergoes a developmental decline that is prevented by roaring
animals in complete darkness. Wo have tested the prediction that theso changes
in NMDA receptor function are paralleled by alterations in synaptic plasticity.
Slices of visual cortex wore prepared from 4-6 woek-old Sprague-Dawley rats
that had been roared either in complete darkness or in a standard lighted
environment. Synaptic responses to.layer IV stimulation wore recorded
extracellularly in layer III. LTP was attempted with two patterns of high
frequency stimulation. One pattern. thota-burst stimulation (TBS: 200 pulses
delivered in 100 Hz bursts). evoked LTP of comparable magnitude in slices from
dark reared (122 ± 5% of baseline at 20 min after TBS. n = 7 rats) and control
rats (128 ± 4%. n = 6). However. the same number of pulses delivered in 20 Hz
bursts caused significant potentiation in slices from dark-reared rats (118 ± 7%.
n = 7). but little synaptic change in slices from light-reared rats (104 ± 3%. n =
6). Finally. low frequency stimulation (LFS: 1 Hz. 15 min). induced robust
LTD in slices from control (82 ± 4% of baseline 30 min aftor LFS. n = 6). but
not from dark roared rats (95 ± 3%. n = 7). Theso data suggest that patterns of
synaptic activation are less likely to induce LTD. and more likely to induce
LTP. in visual cortex of dark-roarod animals. Theso results aro consistent with
the idea that tho '"modification threshold" - the critical level of NMDA receptor
activation at which synaptic modifications change sign from LTD to LTP varies as a function of the stimulation history of the visual cortex.

Ophthalmology and Visual Science, Washington University School of
Medicine, St. Louis MO 63110.
Metabotropic glutamate receptors (mGluRs) are involved in NMDAdependent and NMDA-independent synaptic plasticity. These receptors may
also participate in sensory-dependent developmental plasticity in the visual
cortex. mGluRs are coupled to various signal transduction pathways. In this
study, we examined the developmental profile of cAMP-linked mGluR2/3.
We also examined effects of dark-rearing on mGluR2/3 and Pi-linked mGluRs

(1 and 5) in the cat visual cortex. Immunohistochemical results show that the
laminar distribution of mGluR2/3 changes with age. The change is different
from either mGluRla or 5. Besides laminar distribution, the quantity of
mGluR2/3 also changes during postnatal development. In contrast to mGluRl
and 5, mGluR2/3 increases during the early postnatal stage. Dark-rearing
increases quantity of the mGluR5 at the peak of the critical period for
monocular deprivation; however, it has little effect on the quantity of
mGluRl. As in the case of mGluR5, dark-rearing affects the laminar

distribution of mGluR2/3. These results suggest that these receptors are
probably involved in different developmental processes of the visual cortex.
mGluR2/3 and mGluR5 are involved in sensory-dependent events, but
mGluRl is not. Supported by ROl EY 00053 and HFSPO.

795.9

795.10

PROBING THE "PLASTICITY GATE" IN VISUAL CORTEX USING
PAIRED-PULSE STIMULATION. H. Frank. A. Kirkwood. M.A. Paradiso*
and M,F, Bear Dopt. of Nouroscionco and HHMI, Brown University,
Providence, RI 02912.
Previous work in our lab has shown that high frequency stimulation of a site
in tho middle of tho cortex (corresponding to layer IV). but not of white matter
(WM). results in LTP of layer III field potentials (FPs) in visual cortical slices
from adult rats. It has been hypothesizOd that inhibitory circuitry within or deep
to layer IV normally acts as a "plasticity gate": a filter that constrains tho types
of activity patterns that can gain accoss to the modifiable synapses in layer III.
In this study we have used pairod-pulso stimulation to better understand tho
different patterns of synaptic activation that result from high-frequency
stimulation of WM and layer IV. Extracellular FPs wero rocordOd in layer III as
different sites were stimulated. In each experiment, pairod-pulso stimulation
was applied to the WM while systematically varying stimulus strength and
inter-stimulus interval (ISI). Then. while keeping the recording electrode in a
fixed position. the stimulating electrode was moved to layer IV and the
experiment was repeated. Stimulation of either site generally resulted in pairodpulse suppression (PPS) of tho test response relative to tho condition response.
particularly at short ISIs (20-80 ms). Across theso ISIs. PPS increased as
stimulation intensity was increased. but this effect was far greater for white
matter stimulation than for layer IV stimulation. With a 40 ms ISI. for
example. low intensity stimulation of WM resulted in PPS of 89.1 ± 9 (test as
% of condition response) compared with 92.6 ± 4 after stimulation of layer IV.
However. at stimulation intensities yielding a FP > 50% of the maximum.
there was much larger PPS from WM stimulation (54.8 ±11) than from layer
IV stimulation (83.8 ± 6). The difference between WM and layer IV PPS at
high stimulation intensities is significant at P < 0.02 (n = 8). An
interpretation consistent with these data is that WM stimulation at high
intensities recruits inhibition that is bypassed by stimulating layer IV.

SEQUENCE ANALYSIS OF cDNA CLONES WHOSE EXPRESSION
IS ENHANCED WHEN THE VISUAL CORTEX DISPLAYS
ENHANCED ACTIVITY-DEPENDANT PLASTICITY S.S. Prasad*1. J
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Hankins1. D. .Mitchell2and M.S. Cvnador1. 'Dopt. of Ophthalmology.. Univ. of British
Columbia. Vancouver. B.C.. Canada V5Z3N9 and 2Dept of Psychology. Dalhousie
University. Halifax. N.S.. Canada.
It is now well established that the functional capabilities of the adult cerebral
cortex aro not fully mature early in postnatal life. The experience-dependant
modifications of cortical connectivity and physiology in kittens have a well defined
critical period which peaks at about 30 days of age. This critical period is inputdepondant and can be prolonged into adulthood by restricting visual input to tho cortex.
This critical period for ocular dominance plasticity can be greatly prolonged simply by
rearing kittens in tho dark throughout the naturally-occuring critical period.
Previously we reported our initial analysis of a subtracted cDNA library comparing the
30 day old kitten visual cortex relative to the adult visual cortex. This library was
screened with subtracted probes from tho visual cortices of dark roared older kittens (4
months of ago) that wore well past the peak of their chronologically-defined critical
period as well as normally rearOd adult animals. Together thoso experiments identified
twenty six cDNA clones that hybridized with high intensities to both the subtracted
probes for tho visual cortex of young kittens. and also thoso of dark-roared older
animals. Northern blot hybridization confirmed overoxpression in kitten vs cats for ton
of tho clones. tho other were too rare to bo detected. Two of thoso cDNA clones detected
signals only in the 30 day old kitten visual cortex . Wo have determined tho partial
nucleotide sequences for all of the differentially expressed cDNA clones in an attempt to
identify any known homologies. Although four of the ten sequenced cDNA clones
show sequence homologies to submitted human expressed sequence tags. our results
indicate that majority of those clones have not boon examined with respect to their
actual function in the brain development. In order to examine tho structural domains of
these cDNA clones. wo are screening the cDNA libraries to obtain tho larger cDNA
clones. Our current focus will bo on those cDNA clones which are uniquely expressed
in tho kitten and older dark-reared visual cortex relative to the adult visual cortex.
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INVOLVEMENT OF PROTEASES IN OCULAR DOMINANCE
PLASTICITY IN KITTEN VISUAL CORTEX C.B. Griesineer* and C.M.

Muller, Ma*-Pianck-i,nstUute-fQr Developmental Biology, TObingen, Germany

Ocular dominance stripe segregation during visual cortical development relies
on selective growth and retraction of the initially overlapping geniculocortical
afferents from either eye. As suggested by recent in vitro studies, the molecular
mechanisms underlying such axonal remodeling may include the action of
proteases, such as the plasminogen-activator/plasmin system (Pittman et al,
JNeurochem., 64:566, 1995) and thrombin {Liu et ai, PNAS, 91:10300, 1994).
We therefore investigated the role of proteases in ocular dominance plasticity by
chronically infusing serine-protease inhibitors into the visual cortex of kittens by
means of osmotic minipumps. Coincidently we performed monocular deprivation
(MD) or reverse occlusion (RO) for 7 days. Thereafter we electrophysiologically
assessed ocular dominance (OD) distribution, orientation selectivity and response
strength. Leupeptin (lOOmM; all concentrations refer to pump reservoir) did not
influence the OD shift after MD. However, the reversal of OD after RO was
significantly retarded by leupeptin infusion (10.9% reversal index compared to
76% in controls). Orientation selectivity and response strength were unimpaired.
Since leupeptin exhibits strong inhibitory activity against plasmin, but only weak
affinity for thrombin, we tested the highly potent thrombin inhibitors hirudin
(5Ojj M) and SDZ 217-766 (lOOpM; gift of Sandoz LTD, Switzerland) in
additional MD experiments. While hirudin failed to influence OD plasticity, the
low molecular weight inhibitor SDZ 217-766 attenuated the OD shift towards the
experienced eye (47% binocularity versus 21.7% in controls). The results indicate
a role for leupeptin-sensitive proteases in progressive plasticity after RO, most
likely mediated by the plasminogen-activator/plasmin system, known to
participate in axonal growth. In contrast, thrombin might contribute to regressive
changes like synapse elimination during MD. Supported by the BMFT 0316902

FAILURE TO REROUTE OR COMPRESS THALAMOCORTICAL
PROJECTIONS AFTER PRENATAL POSTERIOR CORTEX ABLATIONS
J, K. Niederer*. G. Maimon and B. L. Finlav. Developmental Neuroscience
Group. Cornell U. Ithaca N.Y. 14853
The topographic specificity of
the developing thalamocortical afferents resembles the adult pattern of
connectivity from their initial entry into the cortical plate. In order to explore
the nature of the cues producing this precise pattern of early innervation, we
removed a large region of posterior neocortex on embryonic day 14, when the.
thalamic axons are just beginning to enter the subplate and before any
innervation of the cortical plate has occurred.
On E14, two days before normal delivery, ablations of posterior cortex were
made in hamster pups in utero. Under anesthesia, unilateral ventral incisions
were made in the dams and 2-4 pups were exteriorized. Using the saggital and
transverse sinuses as guides to the caudal and medial borders of the developing
neocortex, we undercut variable amounts of the posterior neocortex with a
small scalpel. Neonates were raised normally to weaning (P30). The cortex
and thalamus of each animal were reconstructed to determine the extent of the
cortical ablation and its subsequent effect on the thalamus. The cortex and
thalamus contralateral to the ablation served as controls.
In the four experimental animals, we examined the following cortical areas,
Ocl (31-86% ablation), Tel (0-89% ablation) and Sl (14-47% ablation), and
compared their residual volume to their respective primary afferent thalamic
nuclei. We found that the surface area of cortex removed was highly correlated
with the volume of its remaining thalamic nucleus (r=0.87). This suggests not
only that the thalamic axons are unable to innervate inappropriate cortical
areas but also that they are unable to compress their projections into the
remaining appropriate cortex even at this early developmental stage.
Supported by NIH ROl NS 19245

795.13

795.14

DEVELOPMENT OF CORTICAL BINOCULAR DISPARITY TUNING
AND CORTICOGENICULATE FEEDBACK

A MODEL FOR THE DEVELOPMENT OF ORIENTATION SELECTIVITY
BASED ON EARLY SPONTANEOUS ACTIVITY. B.A. Olshausen* and D.J.
Field. Dept. of Psychology, Cornell University, Ithaca, NY 14853.
During early visual development, the retina exhibits spontaneous neural
activity in the form of “waves” (Meister et al., Science, 252:939-943). It has
previously been observed that these waves provide the type of spatiotemporal
correlations that could help to refine topography within the LGN, as well as to
segregate inputs from left and right eyes into different layers. Assuming that the
patterns of activity in the retina are reflected to some degree in the LGN, the
question then arises as to what role these waves play in cortical development,
particularly since the waves contain oriented structure that could be used to
develop oriented receptive fields in the cortex. In previous work we have shown
that a learning algorithm that attempts to find a sparse coding of a set of images
will develop wavelet-like receptive fields that are localized, oriented and
multiscale when trained on natural scenes. Here, we show that when the
learning rule is applied to scenes consisting of static snapshots of simulated low
spatial-frequency waves, the receptive fields that emerge are oriented, localized,
and low frequency. (By contrast, learning rules based on linear hebbian rules
will converge to the principal components of the input stream, which are not
localized and generally unoriented.) Once these receptive fields have been
learned, the amount of training required on natural scenes in order to develop
localized, oriented, multiscale receptive fields is substantially reduced (by at
least a factor of 4). It is hypothesized that the retinal waves of activity provide
the cortex with early “visual experience” that approximates the localized and
oriented structure of the natural environment, and that by learning on these
waves the cortex is put into a good initial state for later learning on natural visual
input.

A Grunewald* and S. Grossberg. Department of Cognitive and Neural Systems, Boston University, Boston, MA 02215.

The rapid processing of binocular disparity information requires highly
tuned disparity-selective neural responses, yet at birth infants only show
a coarse level of stereopsis. A model shows how complex cells can develop
fine disparity tuning starting from coarse tuning. Competition across cortical complex cells determines a local winner, which is allowed to learn the
pattern of activities that feed into the complex cell. Antagonistic rebound
responses at the retina ensure that whenever learning occurs for one type of
edge contrast at the complex cell stage, learning also occurs for the complementary edge contrast. In this way, complex cells develop to be insensitive

to the polarity of contrast. At the same time, complex cells learn to fuse
only stimuli where both eyes have the same polarity of edge. Whenever a
complex cell emerges as the winner, a top-down matching, or confirmation,
signal is sent to the LGN. This confirmation signal stabilizes the learning
process. When the confirmation signal matches the LGN activity patterns,
then the matched LGN activities are amplified. A mismatch between the
the confirmation signal pattern and the LGN pattern leads to a reduction
of LGN activity, so that a new winner is picked at the complex cell stage.
Feedback signals are disparity-tuned, because, whenever a winner is picked
at the complex cell stage, learning also occurs in the feedback pathways.
Thus the model explains the importance of corticogeniculate pathways for
the self-organization of disparity timing.
AG supported by AFOSR F49620-92-J-0225 and AFOSR F49620-92-J-0334.
SG supported in part by AFOSR F49620-92-J-0499, ARPA (ONR N0001492-J-4015), and ONR N00014-91-J-4100.

795.15

Correlation-Based Learning Model of Joint Orientation and Ocular
Dominance Column Formation. E. Erwin* and K.D.
W.M. Keck
Center for Integrative Neuroscience, UCSF, San Francisco CA 94143.
Previously, we have shown that correlation-based competition between leftand right-eye inputs can lead to development of ocular dominance (OD) columns,
while that between ON- and OFF-center inputs can lead to simple cell receptive fields (RFs) and orientation (OR) columns. Here, we study a similar model
involving four input types, ON- and OFF-center inputs from left and right eyes.
We assume time-invariant input correlations. We have determined the conditions for concurrent development of ocular dominance and orientation columns
with preferred orientation varying continuously across OD boundaries. We are
studying the relationships that then develop between the two columnar systems.
We assume symmetries between left and right and between ON and OFF.
This leaves four independent correlation structures: those between input cells
of same or opposite eye, of same or opposite center type. By a linear transform, the development equations decompose into four independent equations
describing development of receptive fields and of maps of four synaptic weight
combinations: (1) the sum of all four weight types (SUM); (2) left-eye minus
right-eye strength (OD); (3) ON-center minus OFF-center strength (OR+); (4)
ON-center minus OFF-center from left eye, plus OFF-center minus ON-center
from right eye (OR—). Each weight combination develops independently under
a distinct correlation function formed as a linear combination of the original
four correlation functions. We call these functions CSUM, COD, c OR-h , c ™~.
Joint maps of ocularity and binocularly-correlated orientation preference develop in a large regime where (1) COD is positive over the arbor radius (radius
of LGN cells converging onto a cortical cell), favoring monocular RFs; (2) the
Fourier transform of COR+ (or C°R“) has a single peak at a wavelength corresponding to 0.6-1 arbor diameter, favoring oriented RFs; (3) the principal
eigenvalues associated with COD and C°R+ (or C°R~) are of comparable size
and larger than the eigenvalues associated with the other two functions. These
other two functions are otherwise largely unrestricted in structure.

Supported by NIH grants NS07067 and EY11001-01.
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796.2

NON-INVASIVE DOPAMINE DETERMINATION BY REVERSED PHASE
HPLC IN THE MEDIUM OF FETAL MESENCEPHALIC CULTURES. A
TOOL TO ENRICH GRAFT CAPACITY PRIOR TO TRANSPLANTATION.
L. Studer*. C. Sponger. B. Buhler. L. Evtouchenko. and R.W. Seiler. Dept. of
Neurosurgery, Univ. of Bern, CH-3010 Bern, Switzerland.
Free floating roller tube (FFRT-) cultures allow long term maintenance of
human and rat fetal ventral mesencephalic tissue (Spenger et al., 1994; J.
Neurosci. Methods 54:63-73) which permits in vitro characterisation of tissue
prior to transplantation. Ventral mesencephali of E13 rat embryos (n=10)
were divided into 4 equally sized pieces each and were individually prepared
as FFRT-cultures. After 4, 8, 12 and 16 days in vitro (DIV) medium (1ml) of
each culture was collected during routine medium change and immediately
stabilised adding 50 gl of orthophosphoric acid (7.5%) with O.22mg
metabisulfite. Dopamine was extracted after ultracentrifugation by an

analytical kit (Chromosytems, No. 5000) and probes were determined with
reversed phase HPLC using electrochemical detection (ESA, Mod. 5011).
The mean dopamine concentration in medium derived from one culture
increased from 21 ± 11 pg at day 4 to 58 ± 43 pg at day 12 and decreased to
39 ± 30 pg at day 16, (n=24 each). In all cultures devoid of dopamine after 4
and 8 DIV (12.5%) levels remained below detectability at 12 and 16 DIV.
There was a substantial variation in dopamine levels of medium derived from
cultures of different embryos ranging from 82 to 282 pg dopamine.
Statistically higher dopamine levels were detected in medium derived from
cultures of the rostral part of the mesencephalon compared to that from
cultures of the distal zone. After 12 and 16 days in vitro between 78% and
81% of dopamine was localised in 50% of the cultures assessed. These
results show the feasibility of non-invasive individual characterisation of
FFRT-cultures of fetal rat mesencephalon prior to transplantation.
Supported by SNF No. 31-36243.92 and by BBW No. 93.0349.

796.3

HUMAN FETAL VENTRAL MESENCEPHALIC TISSUE CULTURES
MAINTAINED IN VITRO FOR 7 TO 14 DAYS AND TRANSPLANTED TO
6-OHDA LESIONED RATS GIVE RISE TO GRAFTS RICH IN
DOPAMINERGIC NEURONS.
Christian Spenger*. Lorenz Studer. Ljudmilla Evtouchenko. Beatrice Buhler.
and Rolf W. Seiler. Department of Neurosurgery, University of Bern, Bern,
Switzerland.

Free floating roller tube cultures of human fetal ventral mesencephalon
of embryonic age (EA) 43 to 72 days post conception have been prepared
(Spenger et al., 1994; J. Neurosci. Methods 54:63-73) and transplanted.
After 7-14 days in vitro the mesencephalic tissue cultures were transplanted
to the striatum of adult Wistar rats which had received unilateral injections of
6-hydroxy-dopamine into the nigrostriatal bundle 3-5 weeks prior to
transplantation. Graft survival was assessed in tyrosine hydroxylase (TH)
immunostained serial sections of the grafted brains between 7 to 27 days
post transplantation
All transplanted animals showed large, viable grafts containing TH
immunoreactive (ir) cells. The density of TH-ir neurons in these human fetal
xenografts was 1949± 404 TH-ir cells / mm3 (N=26). No significant difference

was detected when TH-ir cell density of grafts derived from human foetuses
EA 43 to 56 days post conception was compared to grafts from human
foetuses EA 56 - 72 days post conception. This shows that ventral
mesencephalic tissue from foetuses older than 8 weeks can successfully be
cultured and transplanted when using the free floating roller tube technique.
These results promote the feasibility of effective in vitro maintenance of fetal
human nigral tissue prior to transplantation.
Supported by SNF No. 31-36243.92 and by BBW No. 93.0349.

796.4

NESTIN POSITIVE MULTIPOTENTIAL NON-PASSAGE EGF-RESPONSIVE
NEUROSPHERES
Y. H. Chiang* and F. C. Zhou. Program in Medical Neurobiology and Dept, of Anatomy,
Indiana Univ. Sch. Med., Indianapolis, IN 46202
Epidermal growth factor (EGF) screens and supports multipotential neurospheres from
either adult or fetal brains (Reynolds, et at ‘92), and fetal sympathetic ganglia (Silani, et
al, ‘94). To simplify previous laborious procedures of dissociation and obtain a greater
number of large size neurospheres, we adopt a new non-passage culture method of
procuring EGF-responsive neuropsheres for a long period of time. Undifferentiated and
differentiated features of the cells derived from these non-passage neurospheres were
examined by immunocytochemistry.
Single cells from cerebral cortex, striatum and mesencephalon were obtained after
enzymatic dissociation of gestational day 14 fetus of Sprague Dawley rats and cultured in
flasks with DMEM/F12, N2 and EGF (2Ong/ml). EGF was added every 4 days. No
further passage of neurospheres was made. Then, 3 to 10 month-old neurospheres of
cortex, striatum and mesencephalon were subplated respectively on chamber slides with _
Neurobasal medium and 2% fetal calf serum (FCS) for 14 days before cells were fixed and
immunocytochemically stained with antibodies against nestin, proliferating cell nuclear
antigen (PCNA), microtubule associated Protein 2 (MAP2), 5-HT, 5-HTlA receptor,
glutamic acid decarboxylase (GAD), glial fibrillary acidic protein (GFAP) and S-100.
Average diameter of non-passage neurospheres was about 200 - 650 pm by 3 weeks in
culture. By 3 months, some of neurospheres had reached a size of more than 1 mm in
diameter. After being subplated, under the Neurobasal medium and 2% FCS, cells
migrated out of the neurospheres and differentiated. Nestin positive cells were found
mainly inside and near the neurospheres. The size of these cells was smaller than that of
nestin-negative cells. Cells both inside and outside neuropsheres were proliferative as
indicated by PCNA immunostaining. Immunoreactive 5-HT, GAD, 5-HTl A receptor,
MAP2 were observed on the cells with neuronal morphology. Cells with glial
morphology stained positive with antibodies against GFAP and S-100. Current results
suggest that EGF-responsive non-passage neuropsheres possess nestin and continuously
proliferate. They can give progenies of both neuron and glia even after 3 to 10 months in
culture.

796.5

HUMAN NEURONAL NTERA-2 CELLS (NT2) IMPLANTED INTO MURINE
SPINAL CORD MATURE AND INTEGRATE ALONG THE HOST
ARCHITECTURE
INDEPENDENT OF HOST AGE OR LOCATION
R.S.Hartley*, J.Q.Trojanowski and VM.-Y. Lee Inst, of Neurol. Sci. and Dept, of
Path., Univ. of Penn. Sch. of Med., Philadelphia PA 19104
NTera-2 cells, derived from a human teratocarcinoma, were differentiated into
neuron-like cells (NT2N) with retinoic acid and implanted into the spinal cords of
nude mice to investigate the influence of the host milieu on the grafted cells. NT2N
cells were implanted in the dorsal, ventral or central cord in either midline or lateral
locations. Post-implantation survival times were varied for neonatal, young adult
and adult grafts. Morphologic characteristics of the grafted cells were assessed,
including nuclear size and shape and outgrowth of processes into the host
parenchyma. Maturation of neurites was determined by expression of adult forms of
tau and highly phosphorylated high molecular weight neurofilament (NF-H).
Phenotypic characterization was also assessed by a panel of antibodies to neuronal
markers, neurotransmitters and neuropeptides. No differences in NT2N grafts were
observed between hosts of different ages. The phenotype, nuclear size and shape of
the cells remained consistent within post-implantation survival times regardless of
graft location or age of host at implantation. The morphology of neurite outgrowth
mirrored that of the surrounding host tissue in all grafts. Confocal analysis
suggested graft/host synapses. Robust axonal outgrowth was observed in white
matter tracts at all host ages where cells were implanted in or near host tracts.
Interestingly, long term neonatal grafts did not show longer outgrowth when
compared to adult grafts. This may reflect a changing responsiveness to
environmental cues as the NT2N cells mature in vivo. These results suggest that the
engraftment of NT2N cells follows the host architecture, but not necessarily the
neurotransmitter phenotype of the host neurons. Thus, the cells may mature in a
self-determined manner while using the existing framework of the host to guide
outgrowth. These characteristics in a human neuronal cell line may be useful for the
delivery of therapeutics targeted at neurological diseases as well as for investigation
of basic science questions such as process outgrowth and pathfinding.

796.6

IMMUNOHISTOCHEMICAL CHARACTERIZATION OF THE
IMMORTALIZED MESENCEPHALIC CELL LINE, 1RB3AN27
F.S.Adams*. K.N.Prasad. J.Edwards-Prasad & C.R. Freed.
U. Colorado. Sch. of Med. Denver, CO 80262
The immortalized mesencephalic cell line, 1RB3AN27 has several
neuronal and dopaminergic properties that make it a candidate for
neurotransplantation in Parkinson's Disease.
In order to further
characterize this cell line, we stained IRB3AN27 with antibodies directed
against the neuronal marker, neuron specific enolase. (NSE), the
astrocytic marker, glial fibrillary acidic protein (GFAP) and a marker
of neural progenitor cells, nestin. For positive controls, cultures of
dissociated E15 mesencephalon containing both neurons and glia were
used. Nestin immunoreactivity showed a filamentous pattern in
IRB3AN27 and NSE showed more dense and diffuse staining. This
pattern of staining was mirrored in the controls. In contrast, IRB3AN27
showed faint and diffuse immunoreactivity for GFAP which was unlike
the controls. HPLC analysis of cell homogenates of IRB3AN7 revealed
that in the presence of 40 gg/ml pargyline and 5 gg/ml 2-amino-6-7dimethyl-4-hydroxy-5,6,7,8-tetrchydropteridine,
an
analog
of
tetrahydrobiopterin, these cells contained 0.73 ± 0.04 ng / (106 cells)
of dopamine. These findings are consistent with a neuronal and
dopaminergic phenotype for 1 RB3 AN27.
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GENETIC METHODS FOR INCREASING THE VIABILITY OF FETAL
MESENCEPHALIC NEURONS IN VITRO AND IN VIVO
P.R, Borghesani1.2, L H. Burns1 *, D.R. Jacoby2, U Yu2, F. Smith4, X.O.
Breakefield2’3 and O. Isacson12. 1Neuroregeneration Laboratory, McLean
Hospital, Belmont, MA 02178 2Program in Neuroscience, Harvard Medical
School, Boston, MA 02115 3Neurology and Neurosurgery Services,
Massachusetts General Hospial, Boston, MA 02114 4e .K. Shriver Center,
Waltham MA 02254.
In an attempt to increase the number of viable dopaminergic cells following
intra-striatal implantation of fetal ventral mesencephalic (VM) tissue, two
different genetic techniques are being explored. First, we have constructed both
recombinant adeno-associated virus (AAV) vectors and herpes simplex virus
(HSV) amplicons containing the human bcl-2 gene. These constructs were
packaged with their appropriate helper viruses and the replication incompetent
particles are currently being used to directly infect dissociated El2-14 rat VM
cells prior to transplantation into unilaterally 6-OHDA lesioned rats. Graft
viability and functional integration are evaluated by monitoring the reduction in
amphetamine-induced rotation and by characterizing immunohistologically the
cellular composition and gene expression within the graft. Second, in order to
stimulate stable vector-mediated gene integration/expression in post-mitotic
neurons the AAV inverted terminal repeats (ITRs) have been placed flanking a
transgene within an HSV amplicon. ITR flanked transgene expression and
integration is being evaluated in non-mitotic cells in vitro in the presence and
absence of the AAV rep gene. Other methods of direct gene transfer into fetal
neurons are being investigated, including transplacental delivery of plasmids.
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VESICULAR RELEASE OF GABA FROM ENGINEERED AtT-20
CELLS. R.CL Weatherwax*. A. Sandrasagra. and A.J. Tobin.
Departments of Physiological Science and Neurology, Brain Research
Institute and Molecular Biology Institute, University of California, Los
Angeles, CA 90095.
Benzodiazepines, barbiturates, volatile anesthetics, and alcohol all
act on GABAa receptors. Because such GABA mimetics are widely
used to treat anxiety, seizures, and movement disorders, direct delivery
of GABA itself may be experimentally and therapeutically useful.
GABA, a zwitterion, cannot cross the blood-brain barrier, but
transplanted engineered cells offer a method for the in situ delivery of
GABA in experimental models of movement and seizure disorders.
With this possibility in mind, we have used retroviral vectors
containing GAD65 and GAD67 cDNAs to create GABA-producing cell
lines. We have studied several such lines, including a number from
AtT-20 cells, a tumor of mouse anterior pituitary. These engineered
cells produce appropriate GADs, GAD mRNAs, and GABA.
Unstimulated cells release accumulated GABA at a basal level, as
determined by HPLC analysis. Treatment with 8-Br-cAMP stimulates
the GABA release, but depolarization with 50 mM KC1 does not. Our
data suggest that, in engineered AtT-20 cells, GABA accumulates in
large, dense-core vesicles that contain ACTH. (Supported by NINDS,
NS22256)

796.9

Non Transformed Human Stem Cell Lines Survive And Integrate Upon
Transplantation Into The Embryonic Rat Brain. $E.Cattaneo, #L.Magrassi,
AR.Galli, AP.Frolichsthal, #S.Pezzotta, #G.Butti, @S.Govoni and AA.L.
Vescovi*, $Inst. Pharmacol. Sciences, Univ. of Milan; #Dept. of Surgery,
Univ.of Pavia, Policlinico San Matteo; ANeurol. Inst. "C.Besta", Milan; @lnst.
of Pharmacology, Univ. of Pavia, Italy.
We previously reported that conditionally immortalized neuronal progenitors
and primary neuroepithelial cells isolated from the E14 rat striatum survive upon
transplantation into the embryonic rat brain and organize into clusters of cells
that progressively lose antigenic markers characteristic of immature cells
(Cattaneo et al.,Dev. Brain Res., 1994). In this study we adopted the same
experimental procedure to study the in vivo behavior of EGF-responsive human
stem cell lines isolated from the diencephalon of 10 week old fetuses. Human
donor cells were subcultured for up to two years and were exposed to lpM
BrdU, 6 days prior transplantation. On the day of the transplant, cells were also
loaded with Dil. The animals were sacrificed on postnatal day 1. Following
vibratome and cryostat sectioning cells were found widely dispersed and
integrated into the host brain, and processes were often visible as judged by the
Dil signal. The chromatin inside the nucleus of the Dil labeled cells was also
distinguishable after Hoescht staining due to its more dispersed nature and lack
of prominent eterochromatic spots. Despite the heterologous nature of the donor
cells, no cluster segregation of the transplanted cells was ever observed
following transplantation. Clear cases of BrdU and Dil double labeled cells were
visible. These results indicate that fetal transplant may represent a suitable way
to test for the stability and differentiation potential of non-transformed human
CNS stem cells (partially supported by the Alzheimer's Association PRG-94-057
to E.C. and by funds of the Italian Ministry of Health to A.L.V.).

TRANSPLANTATION OF TWO HUMAN TYROSINE HYDROXYLASE
PRODUCING NEURAL CELL LINES INTO THE ADULT RAT BRAIN. NL
Heredia*1, A.S. Riolobos1. J. Yaieva1, J.M. Criado1. A. de la Fuente! M.
Santacana2 1 Dept de Fisiologia y Farmacologia, Univ. de Salamanca,
Spain, 2 Instituto Cajal (CSIC), Madrid, Spain,

BE(2)C-M17, a human neuroblastoma cell line, and NT-2, a human
teratocarcinoma cell line with the tyrosine hydroxylase (TH) gene
transferred (kindly provided by Dr. R. Robbins), were stereotaxically
grafted in four different regions of the rat brain; i.e., cerebral cortex,

cerebellum, striatum and amygdala. Rats (n = 55) received injections of
suspended M17 or NT-2 cells in HBSS (8-16 x 104 cells). Controls received

an injection of vehicle only. At 1, 4 and 8 weeks after implantation, rats
were anesthetized and perfused with 10% formaldehyde. The brains were
sectioned and immunostained for TH and GFAP. The grafted M17 and NT2 cells survived up to two months post-transplantation. NT-2 cell grafts
never appeared to revert to a neoplastic state. By contrast, the M17
grafted cells generated tumors within 15 days after transplantation in 30
% of the grafted rats, generally affecting the striatum and amygdala grafts.
The cells stained positively for TH in vitro but failed to stain in vivo. At 1
week post-grafting the M17 and NT-2 cells were round. At 4 and 8 weeks
post-grafting most M17 cells were polygonal and extended neurite-like
processes, while NT-2 cells were round or fusiform without processes.
M17 cell grafts were strongly
vascularized by invading host brain
capillaries.
Our results show that both cell lines can survive for at least 2
months after intracerebral implantation, but they differ with respect to their
pathogenicity. While the M17 cell line showed tumorigenic potential, the
NT-2 cell line did not. (Supported by MEC- PB 91-0066 and DGICYT).

796.10
HOST REGULATION OF PROTEIN EXPRESSION IN INTRASTRIATAL GRAFTS OF
CONDITIONALLY IMMORTALIZED NEURAL CELL LINES.
C. Lundberg and A. Bidrklund (SPON: Euro. Neurosci. Assoc.) Dept, of Med. Cell Res.
Lund University, Lund, Sweden
Conditionally immortalized neural progenitor (CINP) cells has proven to be interesting
candidates in ex vivo gene therapy experiments. The cells survive and integrate
extensively when transplanted to the adult rat brain. Although the grafted CINP cells
differentiate predominantly into glial-like cells, only 10-15% could be shown to express
glial markers by immunohistochemistry when grafted to the intact brain. To investigate
if a possible pool of resting, non-reactive astrocytes was present among the transplanted
CINP cells we designed a study where astrogliosis was induced two weeks post-grafting of
the CINP cells. The cells used in this study was HiB5 and ST14A (of embryonic
hippocampal and striatal origin, respectively) created by immortalization with a
replication defective recombinant retrovirus carrying a temperature sensitive allele of the
SV4O Large T-antigen. The cell lines were grown under standard cell culture conditions at
33°C. After labelling with 3H-thymidine (lpCi/ml) for 72 hrs, 100 000 cells/side were
injected bilaterally into the striatum of intact, adult rats as a single cell suspension. Two
weeks later the animals were unilaterally lesioned either with ibotenic acid (ST14A n=4;
HiB5 n=5) at the transplant site or with 6-hydroxy dopamine (ST14A n=4; HiB5 n=6)
into the ipsilateral medial forebrain bundle to induce terminal degeneration around the
transplant. One week later the brains were processed for immunihistochemistry for glial
acidic fibrillary protein (GFAP), vimentin (VIM) or OX-42, a marker of microglia and
macrophages, and processed for 3H-thymidine autoradiography. The excitotoxoic lesion
induced a strong astrogliosis with up-regulation of all the markers tested. The percentage
of transplanted cells expressing glial markers increased from 9% to 32% for GFAP, from
3% to 16% for VIM and from 2% to 12% for OX-42. In the 6-OHDA lesioned animals the
percentage grafted cells expressing GFAP increased from 9% to 35%.while no significant
changes in VIM or OX-42 was observed, in addition the GFAP-positive grafted cells
changed their morphological appearance towards that of reactive astrocytes. The findings
suggests that transplanted CINP cells differentiate to a large extent, respond to host
derived stimuli and may take active part in the brain's reaction to injury, when
transplanted into the adult rat brain. .

796.11

796.12

TRANSPLANTATION OF EGF-GENERATED NEURAL STEM
CELLS IN A RAT MODEL OF FOCAL ISCHEMIA. L. Santschi. D.M.
Rosenbaum. R.E. Gross. S. Rvbak. J.A. Kessler*. Albert Einstein
College of Medicine, Bronx, NY 10461.
Neural transplantation following brain injury is a potentially
promising technique for promoting functional recovery. The present
study examined the feasibility of transplanting a population of EGFresponsive neural stem cells into infarcted tissue and analyzed the
graft efficacy in supporting behavioral recovery. Progenitor cells
isolated from E16 - E17 mouse subventricular zone were
mechanically dissociated and plated in serum free medium containing
EGF (Reynolds and Weiss, Science 255:1707,1992). After 5-6 DIV,
spheres of mitotically active cells growing in suspension were
harvested, labeled with the Dil derivative, CM-Dil (Molecular Probes
Inc.), and utilized for transplantation into the caudate/putamen of
ischemic rats. Focal ischemia was induced in S-D rats by a suture
model to produce MCA occlusion for 30 minutes. The cells were
grafted 2 weeks after ischemia. Viable cells were clearly detected 30
days following transplantation, the latest time examined. Although
most cells remained near the site of infusion, there was some
migration of cells into surrounding parenchyma. We are currently
examining whether cell grafting ameliorates behavioral deficits due
to the stroke. Nevertheless, the survival of progenitor cell grafts in
ischemic brain suggests that cell grafting may provide a means of
intervening therapeutically after stroke.

NEURAL
PROGENITOR
TRANSPLANTATION
FOR
HYPOXIC
ISCHEMIC (HI) BRAIN INJURY IN IMMATURE MICE. K. I. Park*,
F. E. • Jensen, E. Y. Snyder Depts. of Neurology & Pediatrics, Harvard Med.
Sch., Children’s Hospital, Boston MA 02115.
We have demonstrated that immortalized, central nervous system (CNS)
progenitors (or "stem-like cells") may replace gene products & neural cells
in various models of neurodegeneration. The present study was designed to
explore the therapeutic potential of CNS progenitors transplanted into the
brains of immature mice subjected to focal HI (FHI) or global ischemic
injuiy. We hypothesized that stem-like cells could prove efficacious in
either of 2 ways: 1) They might engraft within brain regions subjected to
HI injury & differentiate into injured neural cells; 2) They might provide
factors, trophins, cell-to-cell contact signals, or support structures which
could promote the survival or recovery of some of the host's ow^ injured
neural cells & circuitry. Unilateral common carotid artery ligation combined
with hypoxia on postnatal day 7 (P7) reliably produced FHI injury in the
CD1 mouse brain' with extensive ipsilateral infarction while leaving the
contralateral hemisphere in tacit The animal received a transplant of C17-2
neural progenitor cells within the cerebral ventricle ipsilateral to the region
of infarction on Pll. At maturity, there was evidence of robust engraftment
& reporter gene expression by donor derived cells within the ischemic
region. The donor progenitors appeared to have migrated to the region of
infarction & integrated into fairly extensive areas of the infarct. Some
progenitors may have differentiated into oligodendrocytes & neurons, the 2
neural cell types typically lost or compromised by HI. Other cell types were
astroglial, though there was no evidence of scarring. Therefore, one
strategy for the therapeutic use of neural progenitors in HI injury might be
cell replacement of degenerated neural cell types & another one may
involve using such cells to express therapeutic, regenerative factors (either
intrinsically produced by the cells or engineered to do so ex vivo) within
areas of infarction.
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TRANSPLANTATION OF CNS STEM-LIKE CELLS AS POSSIBLE
THERAPY IN A MOUSE MODEL OF SPINAL CORD DYSFUNCTION.
J. D. Flax* and E. Y. Snyder. Depts. of Neurology and Pediatrics, Harvard
Medical School, Children's Hospital, Boston, MA 02115.
Spinal cord (SC) injury is characterized by a loss of neurons, glia, and
myelin, and a disruption of neuronal pathways within the cord. Utilizing neonatal
sciatic nerve transection as a model for depleting populations of segmental SC
motor neurons (MN) in the mouse, we have sought to replace specifically those
degenerated cells by transplantation of a v-myc immortalized, multipotent clonal
CNS stem-like cell line. This cell line, C17-2, has been previously shown to
differentiate into and replace in mature animals, cortical neurons that have been
induced to degenerate (Exp. Neurol. 129:9, 1994). Preliminary studies demonstrate
that C17-2 is capable of long term engraftment in the SC of sciatic nerve
axotomized hosts, transplanted at 4 weeks of age, i.e. 4 weeks following injury
which effectively eliminates 70% of the MNs in the ventral horn. Normally
progenitors give rise to SC MNs only during fetal neural development. However
in this experimental paradigm a subpopulation of these engrafted progenitors have
differentiated into cells with a morphology, size, and anatomical location in the
ventral horn characteristic of the degenerated MNs. These results suggest the
feasibility of this lesion/transplantation paradigm to study the replacement of
specific populations of injured neurons in the dysfunctional SC. Furthermore,
these neural stem-like cells are capable of expression of exogenous gene products
in vivo, allowing for the expression of candidate genes that might not only
enhance differentiation and engraftment of these cells but also potentiate host SC
function following insult through the regeneration of endogenous cells and
circuitry. (Supported in part by grants from the APA and PVA).

EMBRYONIC STEM CELLS TRANSPLANTED TO THE ADULT
BRAIN: TYROSINE HYDROXYLASE (TH) POSITIVE
NEURONS DEVELOPED SPONTANEOUSLY AND BY
TRANSFECTION WITH HUMAN TH GENE. T.W. Deacon.1*!.
Dinsmore.2 W. Galpem1 and O. Isacson1 (1) McLean Hospital/Harvard
Medical School, Belmont, MA 02178; (2) Diacrin, Inc., Charlestown MA
02129
Embryonic stem (ES) cells derived from mouse blastocyst and maintained
in culture with leukemia inhibitory factor (LIF) were transplanted into the
lateral ventricle, striatum, cerebral cortex and midbrain of adult rats and
mice. Before transplantation they were subjected to 3 different treatments:
a) retinoic acid (RA) treatment, b) transfection with a plasmid containing the
human tyrosine hydroxylase (Th ) gene, or c) left untreated. Rat hosts were
immune suppressed with Cyclosporin A; mouse hosts were not immune
suppressed. Untreated and RA treated cells produced grafts with variable
numbers of Differentiated TH-positive neurons and fibers. These were
negative for dopamine^-hydroxylase (DBH). Effect of graft location on
differentiation could not be unambiguously determined, but differences in
TH cell numbers were associated with different treatments. RA treated cells
produced grafts that were acetylcholinesterase (AChE) positive, while no
untreated grafts expressed AChE. Transfected cell grafts showed high
numbers of lightly TH-immunoreactive cells, however many cells also
stained intensely TH-positive with extensive dendritic arbors and axonal
outgrowth. Transfected cells and axons were DBH-negative. TH-positive
axons from all ES cell grafts often exhibited varicosities, and graft axons
from TH-positive cells in the striatum innervated the host striatum. These
characteristics hold promise for use of ES cells as neural precursors and
gene delivery vehicles for transplantation.

796.15

796.16

MOUSE EMBRYONIC STEM CELLS: IN VITRO MANIPULATION AND USE
FOR INTRACEREBRAL TRANSPLANTATION. J. Dinsmore*! J, Ratliff1.

(125)1 DOI BINDING IN SPINAL TRANSECTED RATS.
V. Adipudi1*. A. Radzievskv2. M. Murray1 and S. CrouP• 1Departments of
Anatomy/Neurobiology, 2Pathology. Medical College of Pennsylvania & Hahnemann
University, Philadelphia, PA 19129.
Mid-thoracic transection eliminates descending input to the lumbar spinal cord,
thereby denervating target neurons. Fetal neural tissue transplanted into the lesion site
permits regeneration of the descending serotonergic axons into and sometimes through
the transplant into the host tissue caudal to the transplant, and thus may be expected
to reverse denervation supersensitivity. 5-HT agonists improve locomotor function in
animals receiving transplants as neonates or as adults through actions directly or
indirectly on denervated targets (Miya et al., this volume). We characterized the
serotonergic receptors in the spinal cord of spinal transected and transplanted rats. For
these studies mid-thoracic transection at T6-T7 is performed in rats on postnatal day 02 or at 8 weeks. Transplants of E14 embryonic spinal cord were placed at the
transection site in one group of animals. A separate group of normal littermates is
maintained as unoperated controls. The spinal cords were harvested 2 weeks to 8 weeks
postsurgery and processed for receptor autoradiography. 5-HT2 receptors were labeled
using (125)l DOI, in spinal cord rostral and caudal to the area of
transection/transplantation. In adult transected rats, we observed high levels of specific
binding in lamina IX of the ventral horn, lamina I of dorsal horn and in the IML.
Lamina IX caudal to transection showed significantly more binding than that seen
rostral to the transection. The behavioral effects of serotonergic agonists are therefore
likely to be mediated by supersensitive serotonergic targets in the ventral hom.
Supported by grants NS 24707 from NIH, SCRF #300 from PVA and ASRI.

C. Lindterg1. M.Wunderlich1 andD. Jajobv1. T. W. Deacon2. and dl
Isacson2. *Diacrin, Inc., Charlestown, MA 02129. 2McLean
Hospital/Harvard Medical School, Belmont, MA 02178
We have Developed methods to induce Differentiation of mouse
embryonic stem (ES) cells at high efficiency into either neurons or
skeletal muscle. We wanted to use mouse ES cells as a genetic screen
for novel factors capable of inducing differentiation and as a gene
delivery system for die central nervous system. Mouse ES cells were
transfected with the human tyrosine hydroxylase (TH) gene behind the
mouse phosphoglycerate kinase promoter. To alleviate problems with
down regulation of expression, plasmid vectors were used. We have
obtained several ES cell clones that exhibit long term expression of the
TH gene in vitro (> 2 mos.) and maintain this expression in vivo after
transplantation to the CNS. To use ES cells as a screen for
differentiation inducing factors, we introduced cDNA expression
libraries into ES cells, selected cells induced to differentiate and isolated
plasmids present within the differentiated cells. In this way, we
screened large numbers of genes for involvement in cellular
differentiation. One full length cDNA cloned by this method induces
neuronal differentiation, and was obtained from a fetal (E17) rat
hippocampal cDNA library. Expression of a truncated form of this
cDNA turned on the expression of the full length endogenous ES cell
gene. The DNA sequence for this gene showed no homology to any
other sequences in the Genbank database, and we are currently
charaterizing this gene further to identify domains within the cDNA
responsible for inducing neuronal differentiation.

796.17

796.18

FETAL HIPPOCAMPAL GRAFTS IN KAINATE LESIONED HIPPOCAMPUS
ESTABLISH SPECIFIC CONNECTIONS AND REDUCE ABERRANT MOSSY
FIBER SPROUTING. A. K. Shettv* and D. A. Turner. Neurosurgery and
Neurobiology, Duke Univ. Med. Ctr. and VAMC, Durham, NC 27710.
Lesion-induced host factors, particularly trophic support and denervation,
dramatically enhance cell survival in micrografts transplanted to adult rat hippocampus
at 4 days post-Kainic acid (KA) lesion [Shetty and Turner, Neuroscience]. We
hypothesize that restoration of hippocampal throughput in the KA model critically
depends on the establishment of specific graft-host connections. Large suspension
grafts of E19 hippocampal cells were prelabeled with 5’-bromodeoxyuridine, and were
transplanted at 4 days post-KA lesion. We have measured the formation of efferent
connections after 3-4 months survival using Fluorogold and Dil tracing and serial
section analysis. The effect of grafts on aberrant sprouting of mossy fibers into the
dentate supragranular layer (DSGL) was also quantified in Timm’s stained sections.
Many neurons in grafts located in the vicinity of the degenerated CA3 cell layer
established commissural connections with the contralateral hippocampus
(Mean±SEM=564±328, n=7). However, such connections did not occur with ectopic
grafts (<5 cells per graft, n=5). Neurons within all grafts made connections with the
medial septal nucleus (451+127, n=6). Host mossy fiber ingrowth into the graft area
was denser for grafts located near the degenerated CA3 cell layer than other grafts

TRANSPLANTATION OF SUBVENTRICULAR ZONE CELLS
FROM ADULT MICE INTO THE NEOCORTEX AND STRIATUM.
Panjgl Q, Hgrrgra and Apurp Alvarez-Buylla*. Cornell Medical
Center and Rockefeller University.
The subventricular zone (SVZ) of adult mice contains neuronal
precursors (Lois, C. & Alvarez-Buylla, A. Proc. Natl. Acad. Sci. USA
90, 2074-2077 (1993), Morshead, et al. Neuron 13, 1071-1082 (1994)).
These cells are known to migrate along a well DefineD pathway into the
olfactory bulb where they differentiate into granular and
periglomerular neurons (Lois, C. & Alvarez-Buylla, A. Science 264,
1145-1148 (1994)). To date there is no evidence that these cells can

within hippocampus. The region of aberrant mossy fiber sprouting in different blades
of the DSGL (measured as both width and area per length) was significantly reduced
in animals with grafts near the CA3 cell layer (n=5; p<0.01, 58-68% reduction)
compared to animals with ectopic transplants (n=5).
These results clearly show that grafted fetal hippocampal neurons both partially
reconstitute the damaged circuitry following KA lesions by establishing specific pointto-point connections with the host and significantly reduce the development of postKA abnormal circuitry in hippocampus. Supported by ROl NS29482-01 and VAMC.
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form new neurons outside of the olfactory bulb in vivo. To test
whether these precursors could form neurons when grafted into
neocortex and striatum, we transplanted SVZ cells from adult
transgenic mice carrying the B-Galactosidase gene attached to the
neuron specific enolase (NSE) promoter (Forss-Petter, S., et al. Neuron
5, 187-197 (1990)). The recipients, were adult non-transgenic mice
that had undergone an ischemic cortical lesion or a kainic acid-induced
lesion in the striatum 1 week prior to transplantation. The SVZ was
microDissecteD, the cells were dissociated and 30,000 to 50,000 cells
were transplanted into the lesion site of the recipient mice. The animals
were allowed to survive for 6 weeks. The brains were processed
histochemicaly to .reveal the presence of B-galactosidase. B-gal+ cells
were present in both striatal and cortical grafts. In 2/3 striatal lesions
we counted 78 and 120 B-gal+ cells. In the ischemic lesions in cortex
between 2 and 17 B-gal+ cells were observed in each graft. These
results indicate that SVZ cells from the adult brain survive and can
differentiate into neurons after transplantation.
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EGF-responsive neural progenitor cells survive, migrate and
differentiate after transplantation into the adult rat striatum.
Research, Biskopsgatan 5, S-223 62 Lund, Sweden. ^CytoTherapeutics, Inc.,
2 Richmond Square, Providence, RI 02906.
Neural progenitors or stem cells derived from the developing rat and mouse brain
with the capacity to generate both neurons and glia can be grown in culture. The
aim of our study was to characterize the migrational patterns and cell differentiation
of neural progenitor cells after transplantation into the striatum.
Striata of El5-transgenic mouse embryos, carrying the lac-Z reporter gene under
control of the glial fibrillary acidic protein (GFAP) promoter, were triturated to a
single cell suspension and cultured in serum-free medium containing 20 ng/ml
Epidermal Growth Factor. The arising so called neurospheres were triturated to a
single cell suspension and re-seeded every week for 14 weeks. During the last week
of culture the cells were labelled with ^H-thymidine and about 500.000 cells were
transplanted into the striatum of intact adult Sprague-Dawley rats. The animals
were immunosuppressed with cyclosporin A. Survival time was two weeks.
Autoradiography revealed good cell survival: While about 25% of the labelled
cells stayed in the transplantation core, about 75% migrated throughout the whole
striatum, many cells also entering the white matter tracts of the corpus callosum
and the internal capsule. Cells in the core of the transplant mainly differentiated
into astrocytes as revealed by immunohistochemistry for B-galactosidase (B-gal) and
GFAP in combination with autoradiography and by the mouse specific astrocytic
marker M2.
However, some cells developed a neuronal phenotype as seen by staining with
the mouse specific M6-antibody. The cells which had migrated away from the core
were B-gal negative and only a few cells stained for GFAP. Experiments
determining the identity of the migrated cells are currently under investigation.
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THE EFFECT OF AGE AND GONADAL STEROIDS ON THE EXPRESSION
OF GLIAL FIBRILLARY ACIDIC PROTEIN IN THE CEREBELLUM. J. E.
Anderson. B. C. Jones*. J. P. O’Callaghan. J. R. Day. Depts. Of Biology and
Biobehavioral Health, The Pennsylvania State Univ. University Park, PA 16802 and
the Neurotoxicology Div., Health Effects Lab., U.S. E.P.A., Research Triangle
Park, NC 27711.
Glial fibrillary acidic protein (GFAP) is an astrocyte-specific intermediate filament
protein which is used as an index of reactive gliosis and neurodegeneration. GFAP
increases in response to brain injury and normal aging, and its expression can be
manipulated by altering circulating adrenal and gonadal steroids. Gonadal steroids
decrease in women at the age of menopause, and testosterone concentrations are often
reduced in older men. One hypothesis is that lower levels of gonadal steroids might
render the brain more susceptible to neurodegeneration. The purpose of this study is
to examine the effects of gonadal steroid manipulation on GFAP in the rat brain
during aging. Three age groups (3, 12, or 24 mo) of male, Fisher 344 rats were
castrated and given hippocampal lesions. Castrated animals received either
testosterone implants or blank implants, resulting in marked differences in the
concentration of circulating testosterone. In this preliminary study, GFAP
immunoreactivity in the cerebellum (a region not effected by the lesion) was
measured by ELISA and compared between age and hormone treatment groups. The
results indicated that 3 and 12 mo intact and castrated animals had lower GFAP
content than their respective 24 mo groups. Testosterone implants in castrated rats
reversed this age-related increase in GFAP immunoreactivity. These data show that
the exogenous testosterone suppressed the age-related increase in GFAP in the
cerebellum, a brain region not generally associated with steroid hormone sensitivity.
These data support the hypothesis that changes in gonadal steroid hormones during
aging might render the brain more susceptible to neurodegeneration. Also, these data
suggest that hormone replacement therapy might have value in neurodegenerative
disease intervention. This study was funded by an AFAR research grant to JRD.

AGE-RELATED INCREASE IN TGF-Bl mRNA IN RAT HIPPOCAMPUS IS
LOCALIZED TO ACTIVATED MICROGLIA. N.R. Nichols*. C.E. Finch and T.E,
Morgan. Andrus Gerontology Center, Dept. of Biological Sciences, Univ. Southern
Calif., Los Angeles CA 90089-0191.
Increased TGF-Bl expression occurs in adult brain in response to injury and disease
and may mediate neurotrophic effects of glia. Previously, we showed by RNA blot
hybridization that TGF-Bl mRNA was up regulated in rat and human brain with
advanced age. We also showed that TGF-Bl was up regulated after lesioning of rat
brain and was localized to activated microglia following both deafferenting and
neurotoxic lesions. Several reports indicated that microglial numbers increased during
aging and that microglia in the aged brain exhibited an activated morphology
(shortened, thickened processes and increased expression of complement receptor 3
and MHC class II antigen). Collectively, these data suggested that the age-related
increase in TGF-Bl mRNA could be due to the increased number of microglia or to
increased expression per cell. Therefore, TGF-Bl mRNA was quantified in the
hippocampus and cortex on a per cell basis in young (7 mo) and old (24 mo) F344
male rats following in situ hybridization with a [35]S-labeled cRNA probe. TGF-Bl
grain density (grains/cell) increased 59% (P < 0.01) in hippocampus and 55% (P <
0.05) in cortex of old compared with young rats. We also performed combined
immunocytochemistry with antibodies against glial markers and in situ hybridization
for TGF-Bl mRNA. TGF-Bl mRNA in old rats is predominantly localized to OX42+ microglia with increased expression of complement receptor 3 compared with
young rats. In contrast, TGF-Bl mRNA in old rats did not co-localize with GFAP+
astrocytes. These data indicate that increased TGF-Bl mRNA prevalence is a marker
of activated microglia in the aged hippocampus and cortex. If increased TGF-Bl
peptide is secreted from activated microglia, this peptide may contribute to the
neurotrophic activity of microglia in the brain during aging. Supported by AG-07909
(CEF) and AFAR (TEM).

797.3

797.4

TRANSFORMING GROWTH FACTOR (TGF)-Bl AND THE
MICROGIAL RESPONSE TO AGING. T.E. Morgan*. I. Rozovskv.
T.H Hogan, and C.E. Finch. Andrus Gerontology Center, Department
of Biological Sciences, University of Southern California, Los Angeles,
CA 90089-0191.
Unlike microglia in young adult mammalian brain, microglia in aged
brains appear to be in an activated state that we hypothesize may
contribute to the age-related susceptibility to neurodegeneration through
altered response to TGF-Bl. TGF-JBl is a pleiotrophic peptide that
increases during the brain's response to neurodegeneration and aging.
In cultured microglia from neonatal rats, TGF-Bl effectively suppresses
activation, proliferation, and major histocompatibility factor class 2
expression. These studies examine the effects of TGF-Bl on cultured
microglia from aged rat brains. As observed in vivo, cultured microglia
from 24 month old rat brain ("aged") are morphologically distinct from
their "young" (3 month old) counterparts and appear to be in an
activated state. The mitotic index (MI), calculated from ^H-thymidine
labeling, of "aged" cultured microglia is 4 times higher than the MI of
"young" cultured microglia. TGF-Bl (1 ng/ml, 24 hours) treatment
does not inhibit the increased proliferation of "aged" cultured microglia.
Furthermore, TGF-Bl (1 ng/ml, 24 hours) failed to inhibit the
lipopolysaccharide (LPS)-induced formation of reactive nitrogen
intermediates (nitrite concentration in medium) in "aged" cultured
microglia. Therefore, "aged" microglia are less responsive to the
deactivating effects of TGF-Bl, which may be a factor in age-related
diseases, such as Alzheimers disease. Supported by AG-07909 (CEF)
and AFAR (TEM).

FOCAL SITES OF DEMYELINATION AND REMYELINATION
(MICROPLAQUES) IN PERIPHERAL NERVES OF AGED CATS. C. Bertolotto*.
J.K. Engelhardt. F.R. Morales and M.H. Chase. Department of Physiology,
Department of Anatomy and Cell Biology and the Brain Research Institute, UCLA
School of Medicine, Los Angeles, CA 90024.
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Previous morphological studies in our laboratory have demonstrated that segmental
demyelination and remyelination are present in the peripheral nerves of old cats
(Bertolotto C. et al. Soc. Neurosci. Abstr. Vol. 20; part 2, p. 1710, 1994). In the
process of examing myelin alterations during aging, we found that demyelination and
remyelination exhibited a consistent pattern along the fibers of peripheral nerves of old
cats, which is the subject of this abstract.
Two adult cats (1 to 3 years-old) and three old cats (17 to 19 years-old) were used in
this study. These animals were given a lethal dose of sodium pentobarbital and
perfused with a saline solution and a fixative (2% paraformaldehyde and 2%
glutaraldehyde in 0.1 M phosphate buffer at pH 7.4). Teased fiber preparations of the
hindlimb nerves were stored in 100% glycerin. The fibers -were mounted in pure
glycerin and examined with a light microscope.
Teased myelinated fibers from the adult cats exhibited a smooth myelin surface with
intact nodes of Ranvier. The internodes of each individual fiber were of similar
thickness and length. The teased fiber preparations from the old cats exhibited regions
that contained clusters of two or more adjacent fibers where demyelination or
remyelination had occurred. These regions were delimited by apparently normal
myelin. We refer to these regions, that appeared as small patches of abnormal myelin,
as "microplaques".
These focal abnormalities in adjacent myelinated fibers in the peripheral nerves, to
our knowledge, have never been described before in aging animals or in peripheral
neuropathies. However, we believe they were present in previous studies of others
because published microphotographs exhibit the same phenomena that we have
described in the present report. The presence of microplaques suggests that, during
aging, there is a focal process that affects clusters of Schwann cells which are located
in close proximity to each other. Supported by USPHS Grant AG 04307.
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DISTRIBUTION OF APOLIPOPROTEIN E PLAQUES AND GLIOSIS
IN THE AGING RHESUS MACAQUE TEMPORAL CORTEX. S.G.
Kohama* and H.F. Urbanski. Division of Neuroscience, Oregon
Regional Primate Research Center, Beaverton, Oregon, 97006.
Expression of the astrocyte marker, glial fibrillary acidic protein
(GFAP) increases during aging and neuropathology. Similarly, the
expression of apolipoprotein E (ApoE) increases with age in
nonhuman primates in association with amyloid deposits. Because of
the potential role of both of these markers in Alzheimer’s Disease, the
relative distributions of GFAP and ApoE were examined in the
temporal cortex of the aging Rhesus macaque (Macaca mulatto).
The distribution of GFAP in the temporal cortex of young and
middle-age adult monkeys was similar, with high levels seen in the
molecular layers of the dentate granule cells, Ammon’s horn and
glial limitans. In some older monkeys (>25 years), hypertrophic
astrocytes could be visualized in the hippocampal pyramidal and
deeper layers of the temporal cortex.
ApoE expression was only seen in the older monkeys. Although a few
plaques were seen scattered in the hippocampus of several of these
animals, the majority of plaques were seen in the temporal cortex.
Thus the more generalized distribution pattern of reactive astrocytes

overlaps with that of the ApoE plaques, suggesting that a causal
relationship may exist between astrogliosis and ApoE deposition.
Grant Support: Alzheimer’s Assn. PRG-94-123 and NIH HD-29186

797.7

ALTERATION OF MULTIPLE GENE EXPRESSION IN
INDIVIDUAL HIPPOCAMPAL CA1 NEURONS AS A
FUNCTION OF AGING. Y. Cao* and J. H. Eberwine. Depts. of
Pharmacology, School of Medicine, University of Pennsylvania,
Philadelphia, PA 19104.
Aging is recognized as a multifactoral event. The study of the
interactions between these factors is essential to understand the
fundamental mechanisms of the aging process. Using the antisense
RNA amplification (aRNA) technique, we were able to
simultaneously analyze multiple gene expression in individual cells
in live acutely cultured slices of the hippocampal CA1 field. 3month-old, 12-month-old and 24-month-old of Fischer 344 and
Brown Norway FI hybrid rats were used in the present study. We
found that the mRNA levels for individual subunits of the glutamate
receptor family were altered; specifically GIuR2, GluR5 and GluR7
mRNAs decreased as a fraction of total composition of these
receptor subunits as a function of age while GluRl, GluR3, GluR4
and GluR6 mRNAs had no significant compositional changes.
Superoxide dismutase (SOD) mRNA also showed age-related
changes, and interestingly the type II glucocorticoid receptor
mRNA had higher expression in some but not all neurons from aged
hippocampal slices. Presuming that protein levels parallel mRNA
levels, then it is reasonable to postulate that coordinate changes in
gene expression are reflective of functional significance.

797.8

AGE-ASSOCIATED CHANGES IN CNS TRANSCRIPTION FACTOR
ACTIVITY. T. Toliver*. J. Pajwconstantinou and R. Perez-Polo. Dept.
of Human Biological Chemistry and Genetics, Univ. of Texas Medical
Branch, Galveston, Texas 77555-0652.
Age-related cognitive deficits are usually associated with a loss of
cholinergic function. Transcription factors may play an integral role in
regulating cholinergic homeostatic gene expression. In the present
study, we tested the hypothesis that transcription factor nuclear factor
k B (NFk B) activity is altered in the basal forebrains and hippocampi
of aged rats. Nuclear extracts prepared from basal forebrains and
hippocampi of 3 and 30-month old Fischer-344 Brown Norway rats
were used to measure NFk B activity by electrophoretic mobility shift
assay. Basal levels of NFk B binding to cognate DNA consensus
sequences were significantly higher in hippocampi (p<O.Ol) and basal
forebrains (p<0.05) of aged rats. Basal AP-1 activity was also
measured and showed no significant difference between age groups.
NFk B activity in cerebellum and frontal cortex was also measured and
there appear to be no significant differences between age groups. The
data demonstrate increased basal levels of NFk B activity in the basal
forebrain and hippocampus of the aged rat. The regional differences
suggest a possible relationship between altered NFk B activity and
decreased neurotrophin action and cholinergic function associated with
aging. Supported in part by NINDS NS 18708. This is publication
#33A and is supported by USPHS grant P01AG 10514 awarded by NIA.

AGEING-RELATED DECREASE IN PSA-NCAM IS NOT RELATED TO
COGNITIVE DEFICITS. D.N. Abrous*. M.F. Montaron. 1 K.G. Petrv, 2 G,
Rougon. M. Damaud^rv. M. Le Moal. H. Simon, and W. Mavo. INSERM U259,
Bordeaux, France. 1 INSERM U394, Bordeaux, France. 2 CNRS-UMR 9943,
Marseille, France.
Age-dependent spatial memory impairments have been related to a decline in
hippocampal plasticity. It has been shown that highly polysialylated neuronal cell
adhesion molecule (PSA-NCAM) are highly expressed during adulthood within
regions associated with ongoing neurogenesis such as the hippocampus.
Furthermore, NCAM defeient mice lack PSA-NCAM and show deficits in spatial
learning when tested in the Morris water maze. The aim of the present study was to
examine the effect of ageing on the expression PSA-NCAM within the
hippocampus and other various brain regions using immunohistochemistry. In
addition in order to investigate whether age-dependent changes in expression of
PSA-NCAM were accentuated in aged rats with learning impairment, animals were
in a first step assessed for their memory capability using a Morris water maze.
Seven-month old and 24-month old rats were tested in the Morris water maze.
Three weeks later animals were sacrificed and sections were processed for PSANCAM immunohistochemistry. Ageing was accompanied by an overall decrease in
PSA-NCAM-immunoreactivity (IR) within the forebrain with a dramatic decrease
of the number of PSA-NCAM-IR perikarya within the hippocampus and the
piriform cortex. These results were confirmed by western blot analysis. No
difference was observed in aged rats with or without spatial learning impairment. It
is concluded that PSA-NCAM expression is dramatically reduced during ageing,
very likely reflecting a decrease in neurogenesis. Although these PSA-NCAM
changes parallel the decrease in cognitive abilities, our data did hot evidenced a
causal relationship between these two parameters.
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BDNF AND SOMATOSTATIN GENE EXPRESSION IN THE PRIMATE
BRAIN: DECREASED LEVELS OF mRNA DURING AGING. M. HAYASHI*

CALCIUM BINDING PROTEINS AND SYNAPTIC VESICLE PROTEINS
IN AGING RETINA. T.Yamaguchi*1. P.Papazafiri2. P.Podini 2and

and K. SHIMIZU. Department of Cellular and Molecular Biology, Primate

J . Meldolesi2- 1Dept. of Biochem. Tokyo Women's Medical Coll.,Tokyo

Research Institute of Kyoto University, Inuyama, Aichi 484, Japan.

Japan and 2 DIBIT, San Raffaele Scientific Institute , Milano Italy.

BDNF (Brain Derived Neurotrophic Factor) is one of the neurotrophic
molecules for the various neurons in the vertebrate central nervous system.
A recent study showed a marked decrease of BDNF gene expression in
the hippocampus in Alzheimer's disease. Furthermore, in the rat cerebral

cortex, BDNF was reported to enhance the level of mRNA of the

neuropeptide somatostatin, suggesting that BDNF may be a regulatory
molecule for the expression of the somatostatin gene. In the present study,

using the northern blot analysis, we investigated BDNF and somatostatin
mRNA expression in the central nervous system of the macaque monkey
(Macaca fuscata fuscata) during the aging process. BDNF and somatostatin

mRNA (1.6 and 4.0 kb transcripts for BDNF, 0.65 kb transcript for
somatostatin) were detected in various cerebral subdivisions (the frontal
cortex, the temporal cortex, the motor cortex, the somatosensory cortex
and the visual cortex) and the hippocampus. During the aging process (2

years, 10 years and >30 years), the levels of BDNF and somatostatin mRNA
significantly decreased in the cerebral subdivisions and the hippocampus.
These findings suggest that the decrease in the gene expression of BDNF

may cause the levels of somatostatin mRNA to decline in the primate brain
during the aging process. Supported by Grant-in-Aid (04268103) from the

Ministry of Education, Science and Culture, Japan.
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The changes of calcium homeostasis have been noticed to be one
of an important aspect responsible for morphological and molecular
deterioration in aging neurons. The functional alteration in aging retina
has not yet been investigated from the point of calcium homeostasis. A
high affinity calcium binding protein ,calretinin has been identified from
retina which is densely distributed in sensory neurons besides retina and
various subsets of cortical neurons was detected in the aging retina from
2 weeks to 30 months old rat. These changes were compared to that of
another family member of calcium binding protein ,calbindin D28K ,in the
retina as well as in the visual cortex. The synaptic vesicle proteins ,
synapsin and synaptophysin were also detected in the retina and cortex
as marker proteins of synaptic function in aging neurons. Both synaptic
marker proteins showed an age-dependent decrease only in the retina
while calretinin .densely distributed in the inner plexiform layer did not
show any change in aging retina . Howerver, calbindin D28K, localized

at the outer plexiform layer showed a comparable change in synaptic
marker proteins in the retina. A dramatic decrease of synapsin at the inner
plexiform layer
which started after 12 month old was the most
prominent change in aging retina,while in the cortices including occipital
cortex,no decrease was observed. As a whole, age-dependent decrease
is evident in synaptic marker proteins and calbindinD28K but not
calretinin in the retina .On the contrary, in the cortex, none of these
molecules showed age-depedent change.The role of these changes in
aging retina remains to be disclosed.
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797.12

INCREASING AGE ALTERS TRANSBILAYER FLUIDITY AND
CHOLESTEROL ASYMMETRY IN SYNAPTIC PLASMA
MEMBRANES OF MICE. U. Igbavboa. N. A. Avdulov. F. Schroeder.
and W. G. Wood*. VA Med Ctr, GRECC and Univ of MN, Dept. of
Pharmjaology, Minneapolis, MN 55417.
Previous studies on age differences in membrane structure have
reported on the total or average change in membrane structure. The
present experiments determined fluidity and cholesterol distribution of
the exofacial and cytofacial leaflets of brain synaptic plasma
membranes (SPM) from 4-5, 14-15, and 24-25 mo old C57BIV6NNia
mice using trinitrotenaenesulfonic acid quenching techniques and
fluorescent probes. The exofacial leaflet of SPM from young -mice
was significantly more fluid as compared to the cytofacial leaflet. The
large difference in fluidity between the two leaflets was abolished in
SPM of the oldest age group. Age differences in leaflet fluidity were
related to the distribution of cholesterol in the two leaflets. The
exofacial leaflet contained substantially less cholesterol than the
cytofacial leaflet (13% vs 87% respectively) in SPM of young mice.
This asymmetric distribution of cholesterol was significantly modified
with increasing age. There was approximately a - two-fold increase in
exofacial leaflet cholesterol in the oldest group when compared with
the youngest age group. The bulk SPM cholesterol/phospholipid
molar ratio did not differ among the three age groups. Transbilayer
fluidity and cholesterol asymmetry were altered in SPM of older mice.
This approach is a new and different way of viewing how aging
modifies membrane structure. Age differences in SPM leaflet
structure may contribute to modification of membrane function.
Supported in part by AG11056 and Dept. of Veterans Affairs.

DISTRIBUTION OF OMP mRNA IN THE CILIARY-DENDRITIC, SOMAL
AND AXONAL COMPARTMENTS OF HUMAN OLFACTORY RECEPTOR
NEURONS. T.V. Getcheir, N.S. Rama Krishna2. O.I. Buiakova3, F.L. Margolis3
and M.L. GetchelP. Depts. of 'Physiology and 2ENT Surgery. Univ. of Kentucky
College of Medicine., Lexington, KY 40536, and 3Roche Institute of Molecular
Biology, Nutley, NJ 07110.
Differential localization of mRNAs in subcellular compartments may indicate a
specific role for extrasomal protein synthesis in neuronal function. The localization
of OMP mRNA and protein was examined in olfactory receptor neurons in tissue
obtained at autopsy from humans who ranged in age from 26 weeks of gestation to
85 years of age, including three subjects with Alzheimer’s disease. Quantitative in
situ hybridization was performed on 10 pm-thick sections using 35S-labeled
antisense cRNA probes as described previously (Buiakova et al., Genomics 20:452,
1994; Rama Krishna et al., NeuroReport 6:817, 1995). The mean grain density
was 1.7 X greater in the ciliary-dendritic, 4.0 X greater in the somal and 2.6 X
greater in the axonal compartments than in the background. Also, the olfactory
nerve layer-glomerular compartment in the olfactory bulb had a substantially
higher grain density than tissue background. The mean grain density in the somal
compartment increased systematically with age except in subjects with
Alzheimer’s disease where it was significantly less than in age-matched controls.
The localization of grains over the compartments corresponded to the presence of
mature olfactory receptor neurons as determined by OMP immunoreactivity at all
ages studied. Our results indicate that OMP mRNA is localized in the ciliarydendritic, somal and axonal compartments of human olfactory receptor neurons
and that OMP mRNA is substantially reduced in subjects with Alzheimer’s
disease.
Supported by NIH grants DC 00159 (TVG) and DC 01715 (MLG).

797.14

797.13

EXPRESSION OF HEAT SHOCK PROTEINS IN AGING. M.C. Wilson.
S.B. Maggirwar. T.J-F. Lee* and V. Ramkumar. Dept, of Pharmacology,
Southern Illinois Univ. Sch. Med., Springfield, IL 62702
The expression of heat shock proteins by the cell helps it to cope with
rapid changes in its environment such as exposure elevated temperatures,
oxidants and toxins. In this study, we have assessed the expression of two
heat shock proteins (hsp), a constitutive form (hsp7O) and an inducible
form (hsp72), in the brains of adult (3 month old) and aged (18,24 month
old) rats. The levels of hsp7O, quantitated by Western blotting, in the 18
and 24 month old rats were 92 ± 8% and 83 ± 20% (mean ± SE) of the 3
month old, respectively. The basal levels of hsp72 for the 18 and 24
month old animals were 103 ± 3 and 124 + 8% of 3 month old,
respectively. Exposure of these different groups of rats to heat stress
(37°C, 1 h) resulted in substantial age-related differences in the induction
of hsp72 following 8 h of recovery. Increases in hsp72 elicited by heat
stress were 815 ± 17%, 202 ± 14% and 101 ± 8% compared to the naive
3, 18 and 24 month old control, respectively. Increases in hsp7O were
negligible under identical conditions, being 109 ± 6%, 100 ± 9% and 107
+ 6% of the respective naive age-matched controls. These studies
demonstrate that the aging brain has a markedly reduced response to
stress, which might make it more susceptible to damage following
adverse changes in its local environment.

• THE DISTRIBUTION OF UBIQUITIN-PROTEIN
CONJUGATES IN VARIOUS REGIONS OF
RAT BRAINS • E. R. Mesco *
Department of Biology, Moorhead State University,
Moorhead, Minnesota 56563
The accumulation of varied molecular compounds
is seen during the course of normal aging. In
addition, specific lesions are associated with various
age-related neuropathologies. These ageassociated accumulations may, in part, be the result
of alterations in proteolytic processing. The ATPdependent ubiquitin proteolytic system is one
candidate for such changes. Studies were
performed using young (1 to 3 months old) SpragueDawley rats, both male and female. Brain tissue was
isolated from cortex, cerebellum, hippocampus,
striatum, and thalamus. Analysis of proteins was
done using SDS-PAGE and immmunological
identification with anti-ubiquitin antibodies. Profiles
from the different brain regions were determined in
order to establish baselines for future comparison to
aged brain samples.

797.15

797.16

CELLULAR STORES OF THE IRON- AND ALUMINUM-BINDING PROTEIN,
L-CHAIN FERRITIN, ARE MASSIVELY ELEVATED IN OLD HIPPOCAMPUS.

DECREASE IN LIPOPIGMENTATION IN HEARTH AND SYMPATHETIC
GANGLION BY NITROCATECHOLS NITECAPONE AND ENTACAPONE.
A. Hervonen, S. Lahtivirta, 0. Ka.jander, M. Savola*, L.
Sopanen# and P. Pohto#. Lab. of Gerontol., Univ. of Tampere, 33101 Tampere, Finland and # Orion Corporation, OrionFarmos Pharmaceuticals, Helsinki, Finland.
Nitecapone and entacapone are new COMT-inhibitors with
antioxidant properties. We studied lipopigmentation after
two year administration of nitecapone and entacapone to
Spraque-Dawley rats. Intragastric administration of nitrocatechols was used as a basic method of a toxicological
study. Both male and female rats and three different doses
were used. Left ventricle of hearth (LV) and superior cervical sympathetic ganglion (SCG) have been analyzed by now.
The tissues were freeze-dried, fixed with paraformaldehyde
vapor and embedded in paraffin. Lipopigmentation was measured using image analysis system connected to a fluorescence microscope. Both nitecapone and entacapone diminished
the area covered by lipopigments both in SCG and LV. The
pigment granule size was smaller in nitrocatechol groups.
This decrease was more drastic in females and especially
with entacapone. The best results with low lipopigmentation were obtained with intermediate doses (80-90 mg/kg) of
nitrocatechols. In female intermediate groups the area
covered by lipopigments was about 50% of the control value.
This may be due to the antioxidative properties of nitecap-

SBBbiosoQ1’2 P-F, NQQne1’2...wndI.AjEtey2*

1Vlsion, Touch & Hearing Research Centre; and 2Deparment of Physiology and

Pharmacology, University of Queensland, St. Lucia, QLD, 4072. Australia.
Neuronal damage and loss in the aging brain may be caused by chronic
exposure to free radicals. The generation of free radicals is rate-limited by the
availability of iron and aluminum, which are stored within cells by ferritin. We have
compared the distribution and intensity of immunolabeling for ferritin in the
hippocampus of adolescent (3 months; n=7) and old (>20 months; n=7) male rats.
Rats were euthanased with sodium pentobarbitol (6Omg/kg; IP), perfused
transcardially with 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.2), and
their hippocampal formations sectioned at 100gm on a Vibrotome. Sections were
incubated in L-chain ferritin antisera for 5 days (1:2500; ICN), then in secondary
antisera and finally with streptavidin-HRP-DAB.
In adolescent rats, cells with weak ferritin immunoreactivity are common in the
stratum radiatum of CA2, but not elsewhere. There are no significant differences
between individual rats in the total numbers of labeled cells (p>0.1; 2-tailed t-test).
In old rats, the hippocampus contains more L-chain ferritin than any other brain
region. Large numbers of strongly labeled cells are found in the stratum radiatum
of CA2, CA3, CA4 and, to a lesser extent, the subiculum. The total number of
ferritin-immunoreactive cells in old hippocampus is 6.5-fold higher than in
adolescent hippocampus (p<0.0001; 2-tailed t-test), with CA4 showing a 78-fold
increase. CA1 is consistently devoid of labeled cells. The total number of labeled
cells differs significantly between individual old rats (p<0.05; 2-tailed t-test).
Comparisons with different titrations of the primary antisera indicate that the
maximal intracellular concentration of ferritin in old hippocampus is an order of
magnitude higher than in adolescent hippocampus. At both ages, most ferritinimmunoreactive cells resemble resting microglia. Microglia may be implicated in
age-related hippocampal degeneration through their storage of iron and
aluminum, or through an associated production of free radicals.

Supported by grants to SRR from the ARC and Mayne Bequest Fund.
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one and entacapone. The compounds may provide protection
against oxidative stress in a lifelong experiment.
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EXPRESSION OF INDUCIBLE NITRIC OXIDE SYNTHASE
(iNOS) IN SPINAL MOTOR NEURONS AFTER AXOTOMY
AND IN AGING F344 RATS. O. Hanson-Painton*. P.
Grammas and J.M. Jacob. Depts. of Pathology and Anat.
Sci., Unlv. of Oklahoma HSC, OKC, OK 73190.
Nitric oxide (NO) has been shown to be both an important

neuromodulator and neurotoxin in the CNS. The objective of
this study was to examine the effects of age and axotomy on

iNOS expression in spinal motor neurons. In 6 month F344
rats, the sciatic nerve was cut and iNOS expression
examined at 1-7 days after axotomy. The retrograde tracer

Fluorogold was used to locate the motor columns supplying
the right sciatic nerve. Using a polyclonal antibody directed
against iNOS and avidin-biotin enhanced DAB to visualize
protein immunoreactivity (IR), the distribution and temporal
expression of iNOS-IR was determined. The data demonstrate

iNOS-IR was increased by day 2 and maximally upregulated
by day 3; by day 7, iNOS-IR was reduced but still above

control levels. Also, a comparison of 6 and 24 month spinal

motor neurons showed a marked increase in iNOS-IR. These
data demonstrate an upregulation of iNOS after axotomy and
in aging, suggesting increased production of NO with axonal

injury and age.

AGE-DEPENDENT INCREASE IN INDUCIBLE NITRIC OXIDE
SYNTHASE IN CEREBRAL MICROVESSELS. M.A. Dorheim*.
W.R. Tracey and P. Grammas. Dept. of Pathology, Univ. of
Oklahoma HSC, Oklahoma City OK 73104, Dept, of
Cardiovascular and Metabolic Diseases, Central Research
Division, Pfizer Inc., Groton CT 06340
Vascular endothelial cells are a quantitatively important producer
of nitric oxide (NO) and could be a source of this
mediator/neurotoxin in the brain. We have previously demonstrated
that isolated rat brain microvessels possess both constitutive
(ecNOS) and inducible nitric oxide synthase (iNOS). The objective
of this study was to compare iNOS levels in microvessels from 3
month-old adult rats to that present in microvessels isolated from
aged (18-23 months) animals. Intact microvessels were isolated
from rat cerebral cortices, homogenized and supernatants collected.
Immunodetection was performed using an anti- iNOS antibody
(#8196, 1:1000) and a peroxidase labelled secondary antibody. Slot
blot quantitation was performed by scanning densitometry. iNOS
protein was found to be >12-fold higher in the microvessels from the
aged rats compared to the 3 month-old rats. These data suggest
that increased expression of iNOS and a concomitant elevation of
NO production may contribute to neuronal damage in the aged
brain. (Supported in part by NIH NS3O457 and OCAST)

Supported by grants to PG (NS 30457) and

JMJ (AFAR).

CHLORIDE AND OTHER CHANNELS
798.1

798.2

A CALCIUM-DEPENDENT CHLORIDE CURRENT IN MOUSE
SYMPATHETIC NEURONS . F. de Castro. E. Geijo-Barrientos and JL

SEROTONIN-ACTIVATED CI’CURRENT IN RAT BRAIN STEM
NEURONS

Gallego*. Instituto de Neurociencias y Departamento de Fisiologia, Universidad
de Alicante, 03080-Alicante, Spain.
Axotomized rat sympathetic neurons show a depolarization after spike firing
(ADP), which is generated by a calcium-dependent chloride current (S&nchezVives & Gallego, J. Physiol. 475: 391, 1994). In normal cells this conductance
may be located in the dendrites and only become evident in somatic recordings
after the dendritic retraction induced by axotomy. Therefore, we have investigated
whether this current is present in non-axotomized mouse sympathetic neurons
which have shorter dendrites than similar cells in the rat. The experiments were
done in an “in vitro” preparation of the superior cervical ganglion using singleelectrode current- and voltage-clamp techniques and intracellular staining with
neurobiotin. In the presence of TTX (1 pM) and TEA (25 mM), inward peaks and
outward currents were recorded during 50-200 ms depolarizing pulses from -50
mV, followed by slowly decaying inward tail currents that lasted 400-800 ms. The
tail current was blocked by anthracene-9-carboxylic acid (2 mM), a selective
blocker of chloride channels, and its reversal potential shifted in accordance with
the Nemst equation when the extracellular chloride concentration was changed.
Calcium-free solution or CdCl2 (200 pM) abolished both, the inward peak and the
tail current. In current-clamp recordings, a train of spikes evoked a marked ADP
in the majority of the cells. The amplitude of the ADP for a given neuron was
inversely correlated with the number and total length of dendritic branches. These
results suggest that mouse sympathetic neurons have a calcium-dependent chloride
current localized in the distal dendrites.
Supported by Grant PB92-0347 from the DGICYT (Spain).

798.3

University of Miami, Florida 33101, USA.
We studies RN46A cells, a serotonergic neuronal cell line

derived from E13 rat raphe (White et al., J.Neurosci,1994).
Intracellular recordings in the whole-cell configuration were made
at room temperature using CsCI-filled micropipettes. 5-HT
receptor agonists and antagonists were applied either
by
pressure pulses from closely positioned pipettes or by gradual
diffusion in the extracellular medium. Applications of 5-HT
evoked a dose-dependent inward current when holding

membrane potentials were negative. When the equilibrium
potential for Cl' was set near 0 mV, current responses to 5-HT
reversed polarity near 0 mV suggesting a dominant role for Cl'

ions in the conductance response. Bicuculline and strychnine

had no effect on 5-HT activating current while picrotoxin blocked
the Cl' current. The slow kinetics of activation of the Cl'
conductance suggest the participation of second messengers
in this process. (Supported VAMC MRIS #1769 and 3369 and

USPHS #NS 17577).

798.4

GABA AND PENTOBARBITAL ACTIVATED CURRENT IN
HUMAN DRG CELLS

A.Y.Valeyev* ,J.C.Hackman *, P.M.Wood+ and R.A.Davidoff1*
Neurophysiology Laboratory, Veteran's Administration Medical
Center*, Department of Neurology1 and Miami Project^,
University of Miami Miami, Florida 33101
Cells were cultured from embryonic (E) day 72 and
adult human dorsal root ganglia (DRG). Neurons were grown
for 5 or more days in serum-supplemented medium.
Intracellular recordings in the whole-cell configuration were
made at room temperature. GABAa receptor agonists and
modulators were applied by pressure pulses from closely
positioned pipettes.
All cells responded to micromolar
concentrations of GABA and the general anesthetic
pentobarbital, but not the steroid anesthetic alphaxalone (3ohydroxy-5o-pregnane-11,20-dion). When the equilibrium
potential for Cl' was set near 0 mV, current responses to
GABA and pentobarbital reversed polarity near 0 mV, which
corresponds to Ea- calculated from the Nemst equation and
suggests a dominant role for Cl' ions in the response.
Currents activated by GABA and pentobarbital were blocked
by bicuculline and picrotoxin. Remarkably, diazepam had no
modulatory effect on GABA-activated current. Noise analysis
of membrane current variance shows that the open times of
Cl' channels activated by GABA and pentobarbital are
different. (Supported by VAMC MRIS #1769 and 3369 and
USPHS #NS 17577).
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COMPARISONS OF AND INTERACTIONS BETWEEN THREE
TRANSMITTER-INDUCED CL-DEPENDENT RESPONSES IN
APLYSIA NEURONS.
J.S Kehoe» and C.A Vulfius. Lab. de
Neurobiologie, Ecole Norm. Sup., 46 me d'Ulm, 75005 Paris
King and Carpenter (Neurosci. Lett. 82:343-348,1987) observed
that transmitter-induced Cl-dependent responses in Aplysia neurons
often “interact” with one another: they cross-desensitize, and are
often blocked by the same antagonists. We have studied the Cldependent responses of the MediaJ cells of the pleural ganglion to fast
perfusion application of ACh, GABA and Glutamate. None of these
responses, studied in whole-cell patch clamp, could be selectively
blocked by the antagonists tested (strychnine, picrotoxin, bicuculline,
and tubocurarine). Furthermore, each of these transmitter-induced
responses desensitized with prolonged agonist application, and a
“desensitizing” pulse of any one of the three transmitters caused a
significant cross-desensitization of the responses induced by the other
two. Even when using ATP- GTP-free solutions in very low resistance
whole-cell pipettes, all three responses, as well as their crossdesensitizing interactions, persist.
In spite of the marked interaction between the GABA response
and those elicited by ACh and Glutamate, the GABA response
appears to be mediated by a different channel. When sulphate was
used as the anion in the pipette solution, the GABA response was
reduced by about 70-80% whereas the responses to ACh and
Glutamate remained unchanged. In contrast, when Cl was used, all
three responses, measured at a fixed number of mV less negative
than ECl, remained unchanged. It thus appears that the interactions
between these transmitter-induced responses are not simply the result
of a common activation of a single receptor-channel complex.
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798.6

SELECTIVE ANION PERMEABILITIES DISTINGUISH
SUBCELLULAR CALCIUM POOLS IN RAT BRAIN.
Stephen L. Facchina and Ajay Verma*.Depts. of Neurology and
Anesthesiology,Uniformed Services Univ. of the Health Sciences
Bethesda, Maryland 20814

RINGER CONDITIONS DETERMINE THE STABLE EXPRESSION OF
WHOLE-CELL CHLORIDE CURRENT IN RAT ASTROCYTES. C. D.

The anion selectivity of rat brain intracellular, nonmitochondrial 45Ca2+
sequestering compartments was studied using rat brain microsomal fractions
and fresh frozen sections. Mg-ATP dependent 45Ca2+ transport in sodium
azide containing buffers showed a strict requirement for anion cotransport
as no 45Ca2+ uptake occurred in buffers containing the impermeant
gluconate as the sole anion. Prominent 45Ca2+ accumulation was observed
with oxalate, fluoride and phosphate as the sole anions and intermediate
accumulation using acetate or chloride. By using a number of Ca2 +
transport inhibitors two distinct compartments could be distinguished, each
showing unique anion preferences. Thapsigargin (Tg), cyclopiazonic acid
(CPA) and 2,5-di-te//-butyl-hydroquinone (tBQ) potently blocked oxalate,
fluoride,or phosphate supported Ca2+ transport. Inhibition of Mg-ATP
dependent chloride supported 45Ca2+uptake, however, required much higher
concentrations of these inhibitors. Autoradiographic localization of 45Ca2+
sequestering compartments using fresh frozen rat brain sections revealed
unique anatomical distributions for the chloride selective pool with
enrichment in brain stem, deep cerebellar nuclei and spinal cord. 45Ca2+
uptake supported by oxalate, fluoride or phosphate was instead much more
prominent in forebrain structures and cerebellar cortex.

2033

Lascola* & R.P. Kraig. Dept. of Neurology, The University of Chicago, Chicago, IL
Increases in [Cl’j accompany astroglial depolarization in intact slices and primary
cultures’’2, suggesting a role for Cl ’ in many activity-dependent processes. The
dominant hypothesis based on whole-cell, excised and cell-attached patch clamp
recordings, however, is that astroglial chloride channels are normally inhibited in
culture by some constitutive intracellular factor3.
Cultures of astrocytes were prepared from neonatal rat pups, and maintained in
DMEM (10% FBS), following standard techniques. Whole-cell patch-clamp
recordings were made at 22-25°C using l4OmM NMDG C1 bath and 4OmM NMDGCl/ lOOmM NMDG-gluconate pipette solutions, both of which also contained Mg2+.
Following a >1 hour incubation of cells at 37° C in standard Ringer solution (10 mM
dextrose; l4OmM NaCl), we observed whole-cell chloride currents in 83% of cells 220 days after plating (n=24). Cells were voltage-clamped from -100 mV to +100 mV
in 20 mV increments to reveal outward rectifying chloride currents as expected in
asymmetrical Cl ’ solutions. The mean peak amplitude was 780 pA and the • current
reversal potential was -26.6 ± 9.4 mV (n=2O). When gluconate was substituted for
100 mM Cl, the reversal potential was 8.6 ± 5.0 mV (n=5), and the current-voltage (IV) relationship was linear, suggesting no voltage-dependence. When gluconate was
substituted for all but 8 mM Cl’, the reversal potential depolarized to 31 + 5.1 mV
(n=4), and the I-V became inwardly rectifying. Chloride currents were completely but
reversably blocked by ImM Zn2+ (n=3), a known chloride channel blocker. In cells
that were introduced to recording solutions at 22-25°C after removal from DMEM, no
whole-cell chloride current was observed (n=l9).
These results demonstrate that removal of cells from serum-containing media and
possibly temperature are important determinants of chloride current expression in
cultured astrocytes. 1. Ballanyi et. al., J. Physiol, 382, 1987; 2. Walz & Mukerji,
Exp. Neurol, 99, 1988; 3. Barres et. al., Annu. Rev. Neurosci, 13, 1990.

798.7

798.8

SWELLING-ACTIVATED AMINO ACID EFFLUX IN THE HUMAN'
NERUROBLASTOMA CELL LINE CHP-100. S. Basavappa1. C. Huang1.
A. W. Mange!2. K. Kirk1. P.N. Leijjgi3’* and J.C. Ellory1. 'University Laboratory
Physiology, University of Oxford, Oxford 0X1 3PT, UK, 2Dp>artments of
Medicine and Cell Biology, Duke University Medical Center, Durham, NC, USA
and ’Department of Neurology, Institute of Psychiatry, London SE5 8AF, UK.
Pathological disturbances (such as hyponatermia or ischemia) may result in
significant changes in neuronal cell volume which have not been investigated in
detail. The present studies evaluated the effects of hypoosmotic stress on cell
volume and ammo add efflux in the human neuroblastoma cell line CHP-100.
Using a Coulter Multisizer, CHP-100 cells were found to swell by ~35% + 5%
when the osmolarity of the extracellular solution was decreased from 290 to 190
mOsm/kg H20. The rapid swelling was followed by regulatory volume decrease
(RVD) with the cell volume approaching the isoosmotic value over 15 min.
In cells loaded with '4C-taunne, a similar hypoosmotic shock increased taurine
efflux to 299% + 22% (n=23, p<0.05) of control values. This efflux was
inhibited by the chloride channel blockers 5-nitro-2-(3-phenyl-propylamino)benzoic add (NPPB), 4,4’-dnsothocyarattotftil:bei<e2,2’-disulfoxic-aad (DIDS),
and nifl^ic add, and was also dependent upon extracdlular caldum. Hypoosmotic stress also caused a significant increase in 'C-gycme efflux, that was
sensitive to NPPB . By contrast, efflux of Tlglitamate was not significantly
affected by hypoosmotic exposure. It is conduded that CHP-100 cells undergo
RVD when confronted with hypoosmo^c stress and efflux of taurine and glycine
may contribute to this process via a caidm-dependent anon permeability
pathway.

LITHIUM PRE-TREATMENT PREVENTS ACTIVATION OF VOLUMESENSITIVE CHLORIDE CHANNELS IN BOVINE CHROMAFFIN
CELLS. P.A. Doroshenko*. Loeb Res Inst, Ottawa Civic Hosp, Ottawa,
Ontario K1Y 4E9, Canada
The role of phosphatidylinositol 4,5-bisphosphate (PIP2) hydrolysis
in activation of volume-sensitive chloride (VolS Cl) channels was studied
in bovine chromaffin cells using whole-cell patch clamp. Its involvement
is implicated by inhibition of the VolS Cl channels by intracellular
neomycin (Doroshenko & Neher, 1991) which is known to selectively
bind PIP2 making it unavailable as a substrate for PIP2-specific
enzymes (e.g. phospholipase C-y). It has also been reported that
hypotonic swelling of astrocytes intensified PIP2 hydrolysis, while its
inhibition resulted in suppression of regulatory volume decrease (Bender
et al, 1993). The ability of bovine chromaffin cells grown in primary
culture to generate the Cl current in response to intracellular
administration of 100 pM GTPyS was tested during their incubation in
the presence of 10 mM LiCI. Because LiCI is a potent inhibitor of inositol
monophosphatase involved in replenishment of the limited membrane
pool of PIP2, its presence is expected to cause a depletion of PIP2 in
the cell membrane. From about 10 cells tested from each coverslip
treated with LiCI, only the first cells tested within 10 min after the drug
addition to the bath produced the current, while those tested after longer
exposures did not. These results support the hypothesis that activation
of VolS Cl channels in bovine chromaffin cells involves stimulation of
PIP2 hydrolysis and suggest the role for lipid-derived second
messengers in volume-regulatory processes.

798.9

798.10

MECHANISM OF ACTION OF FLUFENAMIC ACID ON CaACTIVATED CHANNELS. L.P. Partridge*R.J. Lee. T. Shaw Depts.
of Physiol. & Path., Univ. of New Mexico, Albuquerque, NM 87131
Non-steroidal anti-inflammatory drugs (NSAIDs) are well known to
produce anti-inflammatory effects through actions on prostaglandins,
but their mechanism of analgesic action is less well understood. We
have shown previously that the NSAID, flufenamate (FFA) transiently
activates both a Ca-activated nonselective (I^) and a Ca-activated
outward (I**.) current in neurons and that this is paralleled by a
maintained rise in [Ca]i. These effects are specific and not shared by
two other fenamates.
In this study, we investigated the mechanism of action of FFA on
[Ca]i and these two currents. A rise in [Ca]i is still observed following
FFA application in dinitrophenol or thapsigargin but the transient
increase in
and I** is reduced. Application of protein kinase
inhibitors and membrane permeable cAMP analogs suggest that the
effect on membrane currents is not through channel phosphorylation.
Both the [Ca]i response and the current activation process were fully
recovered after a 20 min wash following FFA application.
We conclude that FFA causes a release of Ca from mitochondria and
ER that activates these Ca-activated currents and that these stores can
be rapidly refilled. The reduction in 1a N in the presence of a
maintained .elevation of [Ca]i does not appear to result from channel
phosphorylation.
These are the first descriptions of the mechanism of action of this
NSAID on neuronal Ca-activated channels. These actions may underlie
some of the analgesic actions of this drug.
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CALPAIN ACTIVATED CHLORIDE CHANNELS IN EXCISED
PATCHES OF MYOTUBES AND NEURONS. G. C. McCarter*
and R. A. Steinhardt Dept. of Molecular and Cell Biology, Univ.
of Calif., Berkeley, CA 94720
We have previously reported that exogenous calpain activates
chloride channels when applied to the cytoplasmic face of about
half of excised patches from mouse myotubes. We now report a
similar activation in cerebellar granule cells and provide evidence
that a membrane-resident protease may be responsible for
activating the channel when it arises spontaneously. The
channel in both cell types is outwardly rectifying, has a
conductance between 30 and 90 pS and is blocked by 5-nitro-2(3-phenylpropylamino)-benzoate (NPPB), similar to channels
seen in cells from airway epithelium and several other tissues.
Channels are also activated when bath calcium is raised from
0.18 to 1.8 mM, again in about half of excised myotube patches,
and this effect is blocked by the presence of the protease
inhibitor leupeptin. Cytochalasins have been reported to activate
chloride channels in myoballs and other cells and we report here
such an activation in neurons. This and the fact that cytoskeletal
proteins are known to be calpain substrates suggest that
proteolytic activation of the chloride channel may be mediated
via a cytoskeletal regulation of the channel.
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DEVELOPMENTAL EXPRESSION OF AN INWARDLY
RECTIFYING CHLORIDE CONDUCTANCE IN RAT BRAIN.
G.H. Clavton*. R.L. Smith. K.J. Staley. and C.L. Wilcox. Dept, of
Neurology, UCHSC, Denver, CO 80262 and Dept. of Microbiology,
CSU, Fort Collins, CO 80523.
A voltage sensitive, inwardly rectifying chloride channel, which
has been shown to play a significant role in the modulation of
neuronal responses to GABAa activation, is present in the same
neurons that express mRNA for a previously cloned chloride channel
(ClC-2) with similar properties. These results strongly suggest that
ClC-2 is the source of the inwardly rectifying conductance. Using
digoxigenin labeled riboprobes, we have examined the expression of
ClC-2 during early postnatal development of rat brain and have found
rapid changes in the pattern of developmental expression of ClC-2.
In hippocampus and in cortex, expression is more wide spread in
neonatal animals than in adult rats and can be found in proliferative
layers. Similarly, ClC-2 was expressed in neurons of caudoputamen
in the early stages of post natal development but was essentially
absent in adult animals. In contrast, in cerebellum, the expression of
ClC-2 is a relatively late post-natal event occurring between 7 and 14
days after birth during the period of purkinje cell synaptogenisis. To
summarize, ClC-2 is expressed extensively in developing rat brain
neurons including cells within germinal layers and becomes more
restricted in the adult. These results suggest that ClC-2 may subserve
functions which are different during migration and synaptogenesis
than in the adult.

CALCIUM CHANNELS:

MISCELLANEOUS BLOCKERS
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799.2

NIMODIPINE INHIBITS A PERSISTENT CALCIUM CURRENT IN
CHRONICALLY DEPOLARIZED CEREBELLAR GRANULE NEURONS C. Usai*.
C.Marchetti. A. Barberis and L.Moccagatta. Istituto di Cibemetica e Biofisica, CNR,
via De Marini, 6, 16149, Genova, Italy.
High [K+]o in the culture medium is a standard technique for maintaining in vitro
viability of neurons in defect of appropriate neurotrophic factors. Survival promotion
by high [K+]o is a long term phenomenon; cells, indeed, live for weeks in absence of
trophic factors. This effect is thought to be mediated by a chronic membrane
depolarization inducing a sustained elevation of free [Ca**],. The nature of the
voltage-dependent Ca** channel responsible for this persistent elevation was
investigated in cultured cerebellar granule neurons from 8-day old rats, by
measurements of [Ca*+]j in Fura2-loaded cells. Cultures, routinely maintained in 25
mM KC1 to enhance survival, were incubated with Fura2 either in 25 mM (chronic
depolarization) or 5.4 mM KC1 (control solution). In 25 mM KC1, [Ca*+], was l55±
32 nM (n=l3), and quickly decreased to 43±I9 nM (n=9) when [KCl^ was lowered
to 5.4 mM. Saturating doses of nimodipine (>10 nM) reduced [Ca**], to the same
level as in control solution. The IC5o of this effect was O.39±O.O9 nM. In contrast,
agatoxin IVA (200-500 nM) was ineffective. In 5.4 mM KC1 the basal calcium level
was 36±15 nM (n=95), and acute depolarization with 25 mM KC1 induced a [Ca4*],
elevation larger (*300 nM) than in chronic depolarization, suggesting the presence
in the last case of channel inactivation. In neurons depolarized with 15-75 mM KC1,
nimodipine strongly inhibited the [Ca4] rise. The dose-dependence of this effect
was best approximated by a two site curve with IC50<1)=0.27 nM and IC50(2)=65
nM. In agreement with previous findings in different tissues, these values might
represent the affinities of the drug for two different states of the channel, namely
closed (or resting) and open state. Chronic depolarizations activate DHP-sensitive
Ca** channels; the high level of [Ca**], due to the Ca** influx through these
channels is somehow responsible for the enhanced survival of granule cells.

EFFECTS OF NEFIRACETAM AND OTHER NOOTROPICS ON
NEURONAL CALCIUM CHANNELS AND PERIPHERAL-TYPE
BENZODIAZEPINE RECEPTORS. S. Watabe*1.Y. Nakamoto?.
M. Yoshii2. and T. Shiotani1. 1Tokyo R&D Center, Daiichi
Pharmaceutical Co., Ltd., Tokyo 134 and 2Dept. of Neurophysiology, Tokyo Institute of Psychiatry, Tokyo 156 . Jspan.
We have previously reported that neuronal Ca2+ channels

were blocked by the peripheral-type benzodiazepine receptor
(PBR) agonist Ro 5-4864, whereas they were activated by the
nootropic nefiracetam (DM-9384), although this compound has
a binding affinity to PBR. In the present study, we have further
investigated the effects of nefiracetam on the Ca2+ channel and
PBR by using various nootropic agents. Ca2+ channel currents
were optimally enhanced by nefiracetam at 1 pM and less
potently by aniracetam at 10 pM. The currents were not affected
by oxiracetam or piracetam, or chemically-unrelated cognitive
enhancers such as idebenone and bifemelane.
Unlike
nefiracetam and aniracetam, these compounds inhibited the
currents at higher concentrations. Binding of 3H-PK 11195, a
PBR antagonist, to the mouse brain was inhibited by nefiracetam
and aniracetam with ICso’s of 0.39 and 1.59 mM, respectively,
whereas it was not inhibited by oxiracetam and piracetam. The
results suggest that PBR is a low-affinity site for nefiracetam and
aniracetam and may be involved in their drug actions at high
concentrations, whereas PBR is not involved in drug 'actions of
other cognitive enhancers such as oxiracetam and piracetam.

799.3

799.4

FACILITATORY ACTION OF THE NOOTROPIC NEFIRACETAM
(DM-9384) ON CALCIUM CHANNELS IS MEDIATED BY
INHIBITORY G-PROTEINS IN NG108-15 CELLS. M. YoshiN.
S. Watabe2. T. Nukada3. T. Shiotani^ and M. Tanaka2. iDept.
of Neurophysiology, 3Dept. of Neurochemistry, Tokyo Institute of
Psychiatry, Tokyo 156 and 2Tokyo R&D Center, Daiichi
Pharmaceutical Co., Ltd., Tokyo 134, Japan.
We have recently reported that the cognitive enhancer,
nefiracetam (DM-9384), increases L-type Ca2+ channel currents
in NG108-15 cells and that the effect is inhibited by pertussis
toxin (PTX), suggesting that inhibitory G-proteins (Gi/Go)
mediate the drug action (Yoshii and Watabe, Brain Res. 642,
123-131, 1994). In the present study, we have further examined
whether stimulatory G-proteins (Gs) are involved in the action of
nefiracetam using the whole-cell patch-clamp technique. Under
the condition that L-type currents were blocked by nifedipine (10
pM), the remaining high voltage-activated long-lasting currents
were recorded. Leu-enkephalin (50 nM), which is known to
activate Gi/Go, reduced the currents in a PTX-sensitive manner.
The inhibited currents were reversed by nefiracetam (1 pM). On
the other hand, PGE1 (10 pM), which is known to activate Gs,
similarly reduced the currents, whereas dibutyryl cAMP (1 mM)

LIFARIZINE BLOCKS VOLTAGE SENSITIVE NEURONAL
CALCIUM CHANNELS. C.J. Siok.* R.D. Williams. L.F. Lanvon. RJ.
Post. D. Yohannes M.K. Ahliianian and A.H. Ganong Pfizer Inc, Central
Research Division, Groton, CT 06340.
Lifarizine (RS 87476) is a use- and voltage-dependent sodium channel
blocker (Br. J. Pharmacol., 113:600, 1994) which also blocks the effects
of calcium channel activators in smooth muscle (Br. J. Pharmacol.,
104:156P, 1991) and is neuroprottective (Radiology, 179:221, 1991). We
examined the effects of lifarizine on several classes of neuronal calcium
channel in both rat and human tissue. In rat SCG cells, using a holding
potential of -100 mV, 10 pM lifarizine blocked 70±2% (n=3) of the
nifedipine resistant current while 1 pM blocked 25±1% (n=6). The Nchannel blocker conotoxin GVIA blocks approximately 70% under the
same conditions. When the holding potential was lowered to -50 mV, the
block by 1 pM lifarizine significantly increased to 47±4% (n=6; p<.001).
Against P-type calcium channels in acutely dissociated rat cerebellar
Purkinje cells 10 pM lifarizine blocked 52±5% (n=3) of the m-Aga-IVAsensitive current at a holding potential of -80 mV. The effects of lifarizine
on human calcium channels were tested using fura-2 fluorescence
measurements in the human IMR32 neuroblastoma cell line. Lifarizine
blocked the ©-conotoxin GVIA-sensitive (N-channel) KCl-induced
calcium increase with an IC50=3.4 pM and nifedipine-sensitive (Lchannel) increase with an IC50=2.8 pM. At 10 pM, lifarizine also blocked
98% the current remaining in these cells after treatment with saturating
concentrations of both nifedipine and GVIA. These data indicate
lifarizine is a non-specific, voltage dependent blocker of neuronal calcium
channels which, along with its ability to block voltage sensitive sodium
channels, may play an important role in its neuroprotective activity.

did not affect the currents. The inhibited currents by PGE1 were
not recovered by nefiracetam. The results suggest that the
nefiracetam action is mediated by inhibitory G-proteins (such as
Gi/Go), but not by stimulatory G-proteins (Gs).
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VERAPAMIL AND LIDOCAINE PRODUCE A VOLTAGE-DEPENDENT
BLOCK OF CLASS B CALCIUM CHANNELS EXPRESSED IN XENOPUS
OOCYTES. ML WEBER*1. G.W. CAMPBELL1. C.P. TAYLOR1. J. OFFORp
AND D.M. ROCK1 1 Neuroscience Therapeutics and 2 Biotechnology, ParkeDavis Res. Div., Warner-Lambert Co., Ann Arbor, MI 48105.
There are a variety of subtypes of voltage-gated Ca2+ channels that have been
described using electrophysiological and molecular techniques. One subtype of
Ca2+ channels, designated as N-type, is found predominantly on neurons and has
been shown to be important in mediating neurotransmitter release as well as
neuronal excitability. Expressed Ca2+ channels that contain aiB (Class B) have
pharmacological and biophysical properties that are similar to N-type
Ca2+channels. Voltage-dependent blockers of N-type Ca2+ channels may be useful
in the treatment of neurological disorders, including stroke.
Microinjection of cRNAs encoding for human neuronal aa, human neuronal P
and rabbit skeletal muscle ex subunits produced high voltage-activated Ca2+
channels in Xenopus oocytes, whose activity was measured using two electrode
voltage-clamp techniques. The block of expressed channels by lidocaine and
verapamil was done at holding potentials where there was a small degree (5%) of
steady state inactivation (-80 mV) and at depolarized holding potentials (-55 mV)
where approximately 50% of the channels were inactivated. Using these two
holding potentials we found a 5-50 fold increase in the potency of these two
compounds when inducing current from the more depolarized holding potential.
The ro-conotoxin GVIA tested in the same paradigm blocked Class B Ca2+
channels, but showed no voltage-dependency. Lidocaine and verapamil are nonselective ion channel blockers, producing voltage-dependent blocks of sodium and
L-type calcium (verapamil) channels.
These results suggest that lidocaine and verapamil interact with a common site
on Na+ and Ca2+ channels that is revealed under depolarization or inactivation.

MISCELLANEOUS BLOCKERS
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799.6

ro-CONOTOXIN GVIA AND SPERMINE CAUSE THE SAME
EFFECT ON HIPPOCAMPAL FIELD POTENTIALS, BUT
SPERMINE DOES NOT PREVENT CONOTOXIN BINDING. P.A.
Ferchmir*: E.M. Rivera and V.A. Eterovic. Centerfor Molecular and
Behavioral Neuroscience, Department of Biochemistry, Univ. Central
del Caribe, Bayamon, PR 00960.
When stimulating in area CA1 of hippocampal slices with paired
pulses, 1/iM ro-conotoxin GVIA (ro-CTX) inhibited irreversibly the

first, or conditioning population spike (PS) and increased paired-pulse
facilitation. Similar but reversible effects were observed with 1-3 mM
spermine, suggesting that it too inhibits N-type Ca++ channels.
However, spermine did not protect PS from irreversible inhibition by
ro-CTX, which suggests a binding site on the channel not overlapping
with that of ro-CTX. Upon complete inhibition of PS by ro-CTX,
increased stimulation restored a full PS but did not decrease the
degree of paired-pulse facilitation. This restored PS was inhibited by
spermine with an 1C*, similar to that seen with naive slices. Since roCTX block is irreversible, strong stimulation could have recruited
other types of Ca++ channels or induced a voltage-dependent relieve
of ro-CTX inhibition; since spermine potency did not change, it may
act as a general inhibitor of voltage-dependent Ca+f channels.
Supported by NIH-MBRS GM5O695 and NIH-RCMI RR03035.

799.7

799.8

INTERACTIONS BETWEEN VOLATILE ANESTHETICS AND VOLTAGE
DEPENDENT CALCIUM CHANNELS IN ISOLATED RAT BRAIN
synaptosomes
. F. Xu, J. Zhang, V. White. tiC. Hemmings, Jr.*, T.JJ. Blanck,

MECHANISM OF ACTION OF CISSUS SICYOIDES WATERY
EXTRACT ON MALE GUINEA PIG AORTIC RINGS. E. Gijdn* . L.
Cartas, M. Lorenzana-Jimenez, and X. Garcia Dept of Physiology and
Dept ofPharmacology, School ofMedicine. UNAM. Mexico D.F.
04510. Mexico.
Tie extract of Cissus sicyoides (Cs) from dry leaves 1:10 w/v
produces vasoconstriction in aortic rings without endothelia in a dose
dependent manner (1). As this could be explained by calcium
movilization trough voltage dependent channels or receptor dependent
channels, we tested several potassium chloride (KC1) concentrations.
KC1 7.7-10 mM increased Cs contracts response while KC1 20-77 mM
decreased this response. Cs vasoconstriction dose response curve may
be observed in calcium free solutions with EGTA 0.2 mM and 3 mM
and caffeine 5 and 50 mM. Caffeine blocked Cs contraction dose
dependent These suggests that Cs contraction depends on calcium
channels activated by membrane voltage changes and on internal
calcium deposits.
1. Proc. Wese PhhmmoL Soc. 3
21999.

Dept. of Anesthesiology, Cornell University Medical College, NY 10021.
Presynaptic depression of Ca2* entry through CNS voltage dependent Ca2*channels (VDCC) leading to inhibition of neurotransmitter release may be a
primary effect of volatile anesthetics (VA) during general anesthesia. This work
describes a parallel inhibition of binding and Ca2* influx caused by halothane and
isoflurane and demonstrates interactions between VAs and inhibitors of L- and Ntype VDCC. Halothane and isoflurane (0.25-1.5 mM) inhibited dose-dependently
K*-stimulated Ca2* influx into rat cortical synaptosomes to 55% and 65% of
control value, respectively. Both anesthetics also depressed [3H]isradipine binding
to synaptosome membranes dose-dependently over the same concentration range.
In equilibrium binding studies. an increase of Kd and a decrease of Bmax were
observed in presence of 1.5 mM halothane or isoflurane compared to the control
values. In the absence of volatile anesthetics, nitrendipine (NTP, an L-type Ca2*channel antagonist) caused a slight increase in K*-sumulated Ca2* influx into rat
synaptosomes, whereas the N-type Ca2*-channel blocker w-conotoxin GVIA (CTX)
inhibited Ca2* influx dose-dependently. Simultaneous treatment with 1 pM NTP
and 200 nM CTX resulted in an intermediate inhibition of Ca2* influx. The
inhibitory effect of halothane on Ca2* influx was potentiated by NTP, by CTX, or,
more strongly, by NTP and CTX simultaneously. In contrast, the inhibitory effect
of isoflurane on Ca2* influx was potentiated by simultaneous use of NTP and CTX,
but not by NTP or CTX alone. These results suggest that the inhibitory effect of
halothane and isoflurane on depolarization-evoked Ca2* influx in rat cortical
synaptosomes involves L- and/or N-type VDCC located on synaptosomal plasma
membranes. Inhibition of VDCC may play an important role in the CNS effects
of VAs.

799.9

799.10

LAMBERT-EATON MYASTENIC SYNDROME IgGs INHIBIT NON-L, NON-N
Ca2+-CHANNELS IN RAT INSULINOMA RINm5F CELLS. C. Grass*. V.

PROPOFOL INDUCES EXTRA CELLULAR ACIDIFICATION IN
NEURONS.
K Bi0mstrSm1. H Eriksson2, A Schiipped3, A Salander3 C Eintrei!*
Departments of Anaesthesiology! and Cell Biology3,University
Hospital, S-581 85 Linkoping and Astra2, SOdertdlje, Sweden
The site of action of the anaesthetic drug propofol (Diprivan®) is still
unknown. We have previously shown that propofol induces changes in
the cytoskeleton arrangement after an intracellular calcium rise (1). Our
hypothesises is that anaesthetic drugs interact with the cell membrane
which change the state of the ion channels and induce changes in the
cytoskeleton.
We have used a microphysiometer (2) to measure the amount of
proton excretion in primary culture of neurons after stimulation with
propofol in the concentration of 0.3.3 and 30 gg/ml respectively. We
used medium or 10% Intralipid® as controls.
To further investigate how the propofol-induced rise in intracellular
calcium occur we used the tyrosine kinase inhibitor herbimycin A
incubated for 30 min, and thereafter measured intracellular calcium in
single cells as described previously (1).
The results shows dose dependent and reversible changes in the
extracellular acidification. We believe this acidification is caused by acidic
metabolites leaving the cell through open ion channels, probably
calcium channels. The intracellular calcium rise was reduced when
herbimycin A was added. The reduction was caused by reduced influx
of calcium ions. This shows that tyrosine kinase has a roll in the
intracellular pathways caused by propofol.
1. Jensen A.G., Lindroth M., SjOlander A., Eintrei C: Anesthesiology
81:1220- 1229, 1994
2. McConnell H. M., Owicki J:C: et al: Science 257:1906 -1912,1992

Magmelli*, E, Sher°, G.B, Azzena and E, Carbone*

institute of Human
Physiology, UCSC , Rome, Italy. ADept. of Anatomy and Human Physiology,
University of Turin, Italy. “Center of Citopharmacology, CNR, Milan, Italy
Lambert-Eaton myasthenic syndrome (LEMS) is an autoimmune disease
characterised by a widespread disorder of neurotransmitter release, which
has been attributed to down-regulation of presynaptic Ca2+-channels. We have
recently shown that LEMS IgGs reduce Ca2+-currents through N-type

channels and this might account for impairment of the autonomic functions
observed in this syndrome (Grassi et al., Neurosci. Lett. 181:50-56, 1994).
However, acetilcholine release at level of the mammalian neuromuscular
junction has been proposed to be due to activation of non-L non-N Ca2+channels. In the present study we investigated the action of LEMS IgGs on
Ca2*-currents in RINm5F cells, which show a high percentage (30-35%) of
non-L non-N Ca2+-channels (Magnelli et al., Pfltigers Arch., 1995 in press).
High-voltage activated (HVA) Ca2+-currents were recorded in 10mM Bai+ from
cells incubated (12 h) with IgGs (2 mg/ml) of either LEMS or control subjects.
After o-CTx-GVIA-treatment (3.2gM for 15 min) and in the presence of
nifedipine (5 gM), current amplitude was 84±12pA (S.E.M., n=18) in LEMS
IgG-treated cells and 160±20pA (n=19) in controls (47% depression, P< 0.01).
Activation and inactivation kinetics were not modified by LEMS IgGs. The
channel voltage-dependency in control- and LEMS-IgG treated cells did not
exhibit significant difference, derived from the absence of shift in the currentvoltage (IV) curve. Our data suggest that LEMS IgGs target non-L, non-N
Ca2+-channels as well as other HVA Ca2+ channels thus probably causing the

impairment of acetilcholine release at the neuromuscular junction level
observed in LEMS patients.
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GENETIC DISRUPTION OF THE Ml MUSCARINIC RECEPTOR
IN MICE S. E. Hamilton*. M. Oi. G. S. McKnight. N. M. Nathanson.
R. L. Idzerda. Depjpament of Phahmacologo, U ninersity of
Washington, Box 357280, Seattle WA 98195-7280
Ths m 1 muscarinic receptor is found in high concentrations in the
hippocampus where it is thought to be inrolred in memory and
learning. It is also present in sympathetic ganglia where it regulates
synaptic transmission through the ganglia from the central nervous
system (CNS) to the heart and blood vessels. We are generating
mouse strains deficient in the ml receptor in order to determine its
function in the nervous system. An allele of this gene was “knockedout” in mouse embryonic stem (ES) cells by homologous
recombination using a 7 kb fragment of the mouse m 1 gene in which
the sequence corresponding to the N-terminal 56 amino acids was
replaced with the sequence for the positive selectable marker,
neomycin phosphotransferase. In addition the gene encoding HSV
thymidine kinase was incorporated at one end of our construct as a
marker for negative selection. After introducing the construct into ES
cells by electroporation, colonies were grown in the presence of G418
and gancyclovir and were screened using both PCR and Southern
analyses. Two of our cell lines deficient in ml yielded chimeric mice
and the mutant ml gene was transmitted through the germline. The
resulting heterorygotes are being bred to obtain homorygotes
deficient in both copies of the m 1 gene. We will verify the loss of m 1
protein expression using an ml specific polyclonal antibody we have
generated and will use these mice to elucidate the role of ml receptors
in the CNS.

PRESENCE OF M4 AND M, MUSCARINIC RECEPTOR SUBTYPES IN
RAT OLFACTORY BULB AND M4 MEDIATES BIMODAL CONTROL
OF CYCLIC AMP FORMATION. H, Ladinskv*. G.B. Schiavi. M. Gil
Quintero, M, Turconi. M.C. Olianas1 and P.L. Onali1. Research Department,
Boehringer Ingelheim Italia, Milan, Italy 20139 and 'Department of
Neurosciences, University of Cagliari, Cagliari, Italy 09124.
The phannacology of muscarinic receptor (mAChR) sites in the rat
olfactoiy' bulb (OB) was characterized by use of a series of displacing
ligands. In binding experiments against [3H]NMS, regression analysis of the
shallow inhibition curves produced by M,-selective antagonists pirenzepine,
guanylpirenzepine, DAG 5600 aid DAG 5198 showed that Mj mAChRs
make up 47.4±2% of total receptors, and those produced by M4/M2discriminating compounds DAU 6385 and DAU 6387 indicated that M4
receptors comprise 45.2% of all mAChRs. The Mj +M4 mAChRs thus make
up 93% of the total population in OB. None of the affinity constants of the
drugs indicated the presence of M2 binding sites. Both carbachol-stimulated,
and carbachol-inhibited Ca2+/calmodulin- and forskolin-stimulated adenylate
cyclase activity in OB homogenates were blocked by the above antagonists as
well as by AF-DX 116, himbacine and AQ-RA 741. The inhibition constants
of the aitagonists, determined by Schild analysis, correlated highly (R =
0.95) with the binding affinities of the antagonists for the m4 mAChR in NG
108-15 neuroblastoma-glioma hybrid cells but not with those for the rat
cortical M, (R = 0.31) or cardiac M2 (R = 0.76) mAChRs. The results thus
provide evidence that the M4 subtype mediates the cholinergic bimodal
regulation of cyclic AMP formation in OB.

800.3

800.4

m5 MUSCARINIC RECEPTORS ON MICROGLIA: IMPLICATIONS FOR
CHOLINERGIC NEURON-MICROGLIAL COMMUNICATION. G^enonDiLeo and D.D. Flynn*. Dept, of Pharmiacoogy, Univ. of Miami School of
Medicine, Miami, FL 33101
Microglia, the resident macrophages of the CNS, are involved in both protective
and destructive processes important for neuronal survival. The close association
of microglia with basal foasbaain cholinergic neurons and the presence of
cholinergic muscarinic ^ceptors on microglia suggest possible unique cholinergic
neuron-microglia interactions. While there is evidence to suggest that microglial
activation may be, in part, controlled by neurotransmitters and neuropeptides,
little is known about the signal transduction mechanisms involved. We have
previously demonstrated that the m5 subtype is the predominant muscarinic
receptor on microglia isolated from adult and newborn brains and on blood
macrophages (Fdarari-DiLeo & Flynn, Life Sci. 56:1037, 1995). In order to
elucidate cholinergic regulation of microglia function, we have characterized the
coupling of muscarinic receptor activation to signal transduction mechanisms in
microglia. These studies are the first to examine m5 receptor signalling properties
in a preparation that endogenously expresses this subtype. Carbachol stimulation
of microglia results in the activation of PLC and release of inositol phosphates but
not in the activation of PLA2 or release of arachidonic acid. The efficiency of
coupling of muscarinic asceptoa stimulation to nitric oxide synthase activation is
being investigated. In order to examine putative microglia-to-neuron signalling,
we determined the effects of microglia secreted factors on muscarinic receptor
binding and second messenger responses. Cells exposed to microglia-conditioned
media demonstrated decreased responses to carbachol. These studies suggest that
not only do microglia respond to cholinergic stimulation but that microglia may
modulate cholinergic neurotransmission.

800.5

800.6

CONSTrnJTIVELY ACTIVE MUSCARINIC RECEPTORS
PRODUCED BY RANDOM MUTAGENESIS OF THE SIXTH
TRANSMEMBRANE DOMAIN. T. A. Spalding*. E. S. Burstein. D.
Hill-Eubanks. M. R. Brann. Department of Psychiatry, University of
Vermont, Burlington VT 05405 and Receptor Technologies, Winooski,
VT 05404.
Libraries of recombinant m5 muscarinic receptors were
constructed containing random mutations in regions of the receptor
thought to be involved in ligand binding and G-protein coupling.
Functional receptors were identified based on their ability to amplify
NIH-3T3 cells in a ligand-dependant manner. We have isolated
constitutively activated receptors which are able to amplify NIH-3T3
cells in the absence of ligand. This constitutive activity is inhibited by
atropine and other classical muscarinic antagonists. The receptors
remain sensitive to carbachol, which is ten to fifty times more potent on
constitutively activated receptors compared to wildtype.
We have constructed libraries of receptors containing mutations
in the third, fifth and sixth transmembrane regions, the N and C tenmmii
of the third internal loop and the second internal loop of the receptor.
However, all of the constitutively activated receptors identified to date
contain multiple mutations in the sixth transmembrane domain. We are
currently performing site directed mutagenesis studies to determine
whether individual amino acid substitutions can cause the constitutive
activation of the receptor.

Society

SODIUM NITROPRUSSIDE INDUCES INTERNALIZATION OF
MUSCARINIC RECEPTORS R. Maggio*. P. Barbier, F. Fomai, F.
Vagi ini and G. U. Corsini. Institute of Pharmacology, School of Medicine,
University of Pisa, Italy.
In the present study we have extensively characterized the internalization of
muscarinic aceihylcholine receptors induced by the nitrogen monoxide (NO)
generating compound sodium nitroprusside (SNP). When CHO cells stably
transfected with the m4 muscarinic receptor subtype were incubated for 1 h in the
presence of 700 pM SNP, the number of receptors, measured in intact cells with
the hydrophilic ligand pHjN-methylscopolamine (pHJNMS), was reduced by 30
%. This effect was dose dependent, beginning with concentration of SNP as low
as 45 pM. Receptor diminution induced by SNP was very fast (tj/2 ranged
between 10 and 20 min). Removal of SNP from the incubation medium did not
result in a recovery of the binding sites measured with [3h ]NMS. The
phenomenon was temperature dependent (it did not occur at 4 °C), and was
blocked by the muscarinic antagonist atropine. Moreover, the effect of SNP was
not observed in cell homogenate indicating that the integrity of the cell was
required. Receptor diminution was not detected when the number of binding sites
was evaluated with the lipophilic antagonist pHjquinuclidynil benzilate. This
indicates that SNP induces a redistribution of the muscarinic receptors between
the plasma membrane and an internal compartment of the cell. Receptor loss was
readily reversed by the treatment with the sulphydryl reducing agent
dielhyldilhiocarbamaie (10 pM). Our data indicate that muscarinic receptors arc
internalized by SNP through the oxidation of sulphydryl groups; moreover they
suggest that NO could play a role in muscarinic receptor desensitization.
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NOVEL HIGH THROUGHPUT ASSAYS OF CLONED RECEPTOR
PHARMACOLOGY IN LIVING MAMMALIAN CELLS.
Terri L. Messier. Christine M. Dorman, Hans Brauner-Osbome, David
Eubanks, S. V. Penelope Jones*, and Mark R. Brann.
Receptor Technologies Inc. 276 East Allen Street Winooski, VT 05404.
An innovative high throughput assay of cloned receptor pharmacology
has been developed based on the observation that many receptors
stimulate proliferation of NIH 3T3 cells in a ligand dependent manner.
We report application of this assay to evaluate the pharmacology of
ligands for cloned receptors belonging to a wide range of functional and
phanmaaological classes. These include muscarinic, adrenergic,
neurokinin, prostanoid, endothelian and neurotrophin receptors. Our
assay involves the co-expression of an enzyme marker with the receptor
of interest. The cloned receptor ligand stimulates proliferation of the
cells and the induced effect is assessed by measurement of the coexpressed B-galactosidase. This assay is called Receptor Selection and
Amplification Technology (R-SAT, patent pending). R-SAT offers
significant advantages compared to other methods for evaluating receptor
pharmacology. A color-metric change is measured in a 96-well plate
format providing the ability to easily screen many ligands for activity
toward one or more receptors in a single assay. A positive correlation is
shown when ■ we compare ligand activity in our assay and more
traditional assays. In addition, our assay can measure the response of
ligands toward a receptor in a relatively short period (4-6 days). This
assay strategy facilitates screening of large compound libraries and can
reliably discriminate between agonist, partial agonist, and antagonist.
R-SAT, a novel high throughput assay provides a simple, rapid, and
economical method of reliably screening compounds and receptors.
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Isolation and Characterization of the chick m2 and mouse ml
muscarinic acetylcholine receptor promoters.

DISTINGUISHING BETWEEN STERIC HINDRANCE AND ORDINARY
COOPERATIVE RECEPTOR MODELS. C.-M. Staschen
L.D. Homer
and S.T. Ablera. ‘Naval Medical Institute, Kopperpahler
Allee 120, 24119 Kronshagen, Germany; Naval Medical
Research Institute, Bethesda, MD 20889-5607, USA.
Radioligand binding studies are often carried out to
distinguish among alternative kinetic models of receptor
binding. When there is knowledge of the 3-dimensional
molecular structure of the receptor it may he possible to
express the structural features in terms of kinetic rate
constant^,. This specialized model may then he compared to
a more general model to obtain statistical verification or
rejection
of
the
adequacy
of
the
specialized,
structurally-based model. As an example we
compare
between an ordinary cooperative receptor model and a
cooperative receptor model with steric hindrance as
recently proposed by Proska and Tucek (Mol. Pharmacol. 45:
709-717, 1994).
The starting parameters used for the models were obtained
from real kinetic experiments of radiolabeled N-methylscopolamine at M2-muscarinic receptors of the rat heart as
published by Proska and Tucek. Nonequilibrium pseudodata
with random error (4%) were generated. Parameters were
estimated by minimizing a weighted sum of squared errors
with simultaneous analysis of pooled kinetic pseudodata.
Statistical significance between the two models was
calculated
using
the
partial
7-test.
Successful
statistical discrimination between the two models was
obtained with
a
design
consisting
of
association
experiments performed with several different radioligand
and several
different
inhibitor
concentrations.
In
contrast, simulated pooled equilibrium experiments or
pooled association experiments using only 1 radioligand
concentration even with several inhibitor concentrations
failed to distinguish between the two receptor models.

Marc L. Rosoff*L Jai Wei l. Robert A. Shapiro^. Neil M.
Nathanson 1 *Dept. Pharmacol., Univ. Washington, Seattle, WA
98195; 2Bristol-Meyers Squibb Pharmaceutical Research Institute,
Seattle WA 98121
We are interested in the molecular mechanisms and signal
transduction pathways involved with the transcriptional regulation of
muscarinic acetycholine receptors (mAChR’s). We have isolated
genomic regions containing the putative chick m 2 (cm 2) promoter
and the putative mouse ml (mml) promoter.
Constructs containing the putative promoters drive the expression of
the firefly luciferase gene when transiently transfected into IMR-32
human neuroblastoma cells. Treatment of cells for 8 hrs. with
leukemia inhibitory factor (LIF) or ciliary neurotrophic factor (CNTF)
results in an increase in cm 2 driven luciferase expression while mml
driven luciferase expression remains unchanged. Treatment with
nerve growth factor (NGF) had no effect on expression of either
reporter constructs. We have begun to compare the regulation of the
endogenous mAChR levels and their respective mRNAs with the
regulation of the reporter gene constructs.
Initial studies indicate the putative cm2 promoter will drive
luciferase expression in transiently transfected chick heart primary
cultures (>8 fold above vector alone). We are currently investigating
the regulation of the cm 2 luciferase constructs in this system.

800.9

800.10

IDENTIFICATION OF SINGLE AMINO ACID RESIDUES DETERMINING
SELECTIVE ACTIVATION OF Gq/11 BY THE m3 MUSCARINIC ACETYLCHOLINE RECEPTOR. N. Blin. J. Yun and J. Wess*. National Institutes of
Health, NIDDK, Lab. of Bioorganic Chemistry, Bethesda, MD 20892.
A large body of evidence suggests that the specificity of receptor/G
protein interactions is determined by multiple intracellular receptor
domains. To gain deeper insight into the molecular mechanisms governing
receptor/G protein coupling selectivity, specific amino acids which are of
particular importance for proper G protein recognition need to be identified.
Towards this goal, the present study was undertaken to identify single
amino acids required for selectively coupling the m3 muscarinic
acetylcholine receptor to G proteins of the Gq/i 1 family. Distinct intracellular
segments/amino acids of the m3 receptor were systematically substituted

CHARACTERIZATION OF A CHICK m5 MUSCARINIC
ACETYLCHOLINE RECEPTOR S. Creason. K. Tietje. and N.M.
Nathanson*. Department of Pharmacology, University of
Washington, Seattle, WA. 98195

into the structurally closely related m2 muscarinic receptor which does not
couple to Gq/i i but to Gi/o proteins. The resultant mutant receptors were
expressed in COS-7 cells and studied for their ability to induce agonistdependent stimulation of phosphatidyl inositol hydrolysis, a response
known to be mediated by G proteins of the Gq/ii class. Using this
approach, we identified four amino acids in the second intracellular loop
and four amino acids at the C-terminus of the third intracellular loop of the
m3 muscarinic receptor which are essential for efficient Gq/ii activation. We
could demonstrate that these amino acids, together with a short segment at
the N-terminus of the third intracellular loop, fully account for the G protein
coupling preference of the m3 muscarinic receptor. Taken together, our
data strongly suggest that only a rather limited number of amino acids,
located on different intracellular regions, are required to determine the
functional profile of a given G protein-coupled receptor.

A partial length cDNA clone coding for a muscarinic acetylcholine
receptor was isolated from chick heart using PCR and degenerate
oligonucleotide primers. Sequence analysis showed this fragment to
have 91% similarity and 88 % identity with the third cytoplasmic loop
of the rat m5 receptor. This fragment was used to probe a chicken
genomic library to obtain a full length clone encoding the chick m5
(cm5) muscarinic receptor. The cm5 receptor, like all other vertebrate
muscarinic receptors cloned to date, did not contain any introns in the
coding region of the gene. cm5 specific oligonucleotides were used
in reverse transcription PCR assays to demonstrate that the cm5
receptor is expressed in both chick heart and chick brain.
When expressed in stably transfected CHO cells, the cm5 receptor
exhibited high affinity for the muscarinic receptor specific antagonist
3HiQNB. Ligand binding assays with perinzipine, AFiDX 116, and
carbachol show this receptor to have pharmacological properties
similiar to other cloned muscarinic receptors. Functional studies
demonstrate the ability of this receptor to stimulate phospholipase C
and increase carbachol stimulated phosphatidylinositol hydrolysis in
stably transfected CHO cells.

800.11

800.12

SITE-DIRECTED
MUTAGENESIS
OF
THE
ml
MUSCARINIC
RECEPTOR:
ROLE
OF
B-B-X-X-B
MOTIF
IN
RECEPTOR-GPROTEIN COUPLING. N.S.M. Geoqhagen. R.T. dine. C.M. Fraser and N.H.
Lee*. Department of Molecular and Cellular Biology. The Institute for
Genomic Research, Gaithersburg, MD 20878.
Seven transmembrane domain (7tmd) receptors modulate the activity of
their effector enzymes via G-proteins. Examples of single tmd receptors
that functionally interact with G-proteins are also known. Of interest is
the finding that the cytoplasmic regions of these two structurally diverse
class of receptors contain a B-B-X-X-B motif (where B is a basic amino
acid and X is a non-basic amino add) which is postulated to be the G-protein
activator domain. Agonist-stimulation of ml muscarinic acetylcholine
receptors (ml mAChRs), belonging to the 7tmd receptor family, results in
hydrolysis of phosphoinositides (PI). The carboxyl-terminal, cytoplasmic
domains of mlmAChRs contain two of these G-protein-activator motifs,
KRTPRR41 and KKAAR 365 (where the number indicates position of the last

STRUCTURE OF THE m4 MUSCARINIC RECEPTOR GENE AND
ITS PROMOTER.
Avtar. Roopra. Ian.C. Wood. Christina.A. Harrington* and NoeLJ. Bucklev.
Wellcome Laboratory for Molecular Pharmacology, University College London,
London WCIE 6BT, U.K.
G-protein coupled receptors are encoded by one of the most diverse gene
families in the mammalian genome, accounting for as much as i% of the entire
genome. Most, if not all, of these gene products have a unique distribution within
the nervous system and hence it is of interest to determine how these expression
profiles are brought about i.e. What determines the receptor repertoire of individual
neurones?
Cholinergic muscarinic receptor genes are members of this gene
superfamily. The m4 gene is expressed mainly in telencephalic regions of the CNS,
autonomic ganglia and lung; Activation of m4 receptors can lead to closing of Ntype voltage sensitive Ca2+ channels, activation of K+ channels and inhibition of
adenylyl cyclase. Analysis of the m4 gene has shown that it contains a 46Obp noncoding exon separated from the single coding exon by a 4.8kb intron. A rat cosmid
clone containing the m4 gene and 2Okb of upstream sequence was found to be
sufficient to direct expression of the m4 gene in a cell type specific manner when
transfected into cell lines. A DNA sequence analysis of the 5'flanking region of the
m4 promoter showed that this region is gc rich, does not contain a TATA or CAAT
box and has several consensus sequences for enhancer elements including AP-2, AP3 and E-Box binding sites. Transient transfection of a series of luciferase reporter
constructs into different cell lines demonstrated that 6OObp of 5'flank was capable of
driving cell specific expression. Present studies are aimed at defining those cis
elements which are responsible for driving cell specific expression of the m4 gene
and functionally assessing their role both in vitro and in transgenic mice.

amino acid) in the 2nd and 3rd intracellular loops, respectively. We have
mutated the basic amino acids to alanine (A) to access their role in
receptor-G-protein coupling. Antagonist binding and expression levels (1-2
pmol/mg protein) of mutant receptors where comparable to wild-type
ml mAChRs. The AAAAA3J5, but not the AATPA^ 41 , mutant receptor was
functionally uncoupled for agonist-stimulated PI hydrolysis.
The
AKAAR365 and KKAA\365 mutant receptors exhibited decreased potency

and efficacy to stimulate PI hydrolysis compared to wild-type mlmAChRs,
respectively. The KAAAR365 and KAAAA365 mutants exhibited both
decreased potency and efficacy to stimulate PI hydrolysis. These data
demonstrate that the KKAAR365 motif is the G-protein activator domain

with each basic amino acid contributing to agonist-stimulated PI hydrolysis.
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ml-m4 MUSCARINIC RECEPTOR PROTEINS IN RAT DENTATE
GYRUS AND AFFERENT PROJECTION NEURONS. S.T. Rouse*
and A.I. Levey. Dept, of Neurology, Emory Univ. Sch. of Med.,
Atlanta, GA 30322
Acetylcholine (ACh) has a variety of modulatory roles in the
hippocampus, which are mediated by a family of five mAChR subtypes
(ml-m5). To establish the anatomical basis of ACh actions, we studied
the expression of mAChRs in the dentate gyrus (DG) using light
microscopic immunocytochemistry (ICC) (Levey, 1991). ml-m4
subtypes are found in the neuropil of the molecular layer, but with
differential laminar distributions, ml and m3 are expressed throughout
the molecular layer and in granule cell bodies, suggesting, at least in
part, the postsynaptic distributions of these subtypes, m2 is
concentrated in a very thin band at the junction of the inner and middle
third of the molecular layer, m4 is enriched in the inner third of the
molecular layer, suggesting localization in associational/commissural
projections. All 4 subtypes were identified in hilar neurons.
To identify the receptor proteins in hippocampal projection neurons,
we injected retrograde tracer (WGA-HRP) unilaterally into the DG,
combined with mAChR ICC. Multipolar hilar cells of the contralateral
hippocampus that comprise the commissural pathway express ml, m3
and m4, but not m2. Septohippocampal neurons express the m2
subtype. Raphe cells that project to the DG express the ml subtype.
Cells in layer 2 of the entorhinal cortex, that comprise the perforant
pathway, express ml, m2 and m4. These results indicate mAChR
subtypes are differentially expressed in DG and its afferent projection
neurons. Future studies will delineate the pre- and postsynaptic
distributions of the subtypes in these circuits.

MUSCARINIC
CHOLINERGIC
RECEPTOR
(Hml)
INTERNALIZES VIA CLATHRIN-COATED VESICLES.
L.M. Jolhert.- R.I. Cone* and .1. Lameh. Departments of
Pharmacy and Pharmaceutical Chemistry, University of
California, San Francisco, CA 94143-0446.

Upon exposure to agonists such as carbachol, muscarinic receptors
quickly internalize to a significant degree.
The mechanism of
muscarinic receptor internalization is poorly understood. We have
used immunofluorescence confocal microscopy to identify the
pathway by which muscarinic receptors are internalized.
Using
human embryonic kidney cells (HEK 293) transfected with the Hml
(human muscarinic subtype 1) receptor tagged with the epitope
EYMPME, we have seen that acid treatment, which has been shown
to inhibit internalization via clathrin-coated vesicles, inhibits
carbachol-stimulated internalization. PMA, on the other hand, which
inhibits caveolae-mediated endocytosis, has no effect on carbacholinduced endocytosis.
Double-labeling studies with clathrin; aadaptih, which links endocytosed proteins to clathrin; and transferrin,
which recycles through clathrin-coated vesicles, show that each of
these proteins is colocalized with Hml following agonist treatment.
Conversely, in double-labeling studies with caveolin, the protein that
comprises caveolae, no colocalization between Hm 1 and caveolin was
observed. These results suggest that agonist-induced internalization
of the Hml receptor occurs by a clathrin-mediated pathway.
Supported by MH 00996.
L.M.T. supported by AFPE and
GM08338.
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EFFECT
OF
CARBACHOL
ON
MORPHOLOGICALLY
CHARACTERIZED AMYGDALOID NEURONS: ANALYSIS "IN
VITRO". J. Yaieya*1, A. de la Fuente Juan1, M. Merchan2,1. Plaza2, M.
Heredia1, A.S. Riolobos arid J.M. Criado . I3epts de Fisiologia y
Farmaeologia1 and Biologia Celular y Patologia2. Universidad de
Salamanca. 37007 Salamanca. Spain.

THREE TYPES OF ATROPINE-SENSITIVE RESPONSES TO
CARBACHOL IN ACUTELY ISOLATED SEPTAL NEURONS OF
THE RAT. L. R. Sun and J. B. Suszkiw*. Dept, of Molecular and
Cellular Physiology, Univ. of Cincinnati College of Medicine,

The cholinergic system of neurotransmission has been implicated in
processes of attention, learning and memory. This system is connected with
the amygdala, a structure also implicated in such processes. Using the slice
technique, we have made intracellular recordings and tracer injections to
determine: 1) the effects and action mechanisms of carbachol on basolateral
neurons, 2) the morphological features of the neuron types affected. In 85 %
of the one hundred and twenty-three neurons studied, carbachol (20 pM)
induced a slow depolarization of 5-10 mV. Sometimes the cell attained the
firing threshold This response was maintained under perfusion with Ba2+
(1mM) and using cesium acetate (3M) filled electrodes. The addition of
flunarizine (10 pM) or the perfusion with low Ca2 + (0.2 mM) and high Mg2 +
(2.4 mM) solutions did not block the depolarizing effect of carbachol, but
changed the time course. The response was blocked under perfusidn with
T.E.A. (5 mM); it was also reduced in amplitude with T.T.X. (1 pM) perfusion
or in solutions with a low Na+ (58.5 mM). Biocytin-injected, carbachol
affected neurons are multipolar, with spiny dendrites and pyramidal
appearance, possibly corresponding to type I of McDonald. These results
suggest that carbachol effects on basolateral amygdaloid neuron are
mediated by modification of Na+ and K+conductances. The Ca2+ ion may
be involved in the maintenance of the long time course of the response under
physiological conditions.

Cincinnati, OH 45267-0576.
Using whole cell current-clamping and voltage-clamping
techniques, we investigated the responses of septal/diagonal band
neurons to carbachol. Recordings were made from large (diameter >
25 pm), acutely dissociated neurons from 14-22 day old SpragueDawley rat pups. Carbachol was applied (100 pM, 100 ms) to the
cell via a puffer pipette before and following bath superfusion with 10

pM atropine. Responses to glutamate (100 pM, 100 ms) were
measured as well. Glutamate elicited depolarizing, inward currents in
all cells tested (50/50). Carbachol induced hyperpolarizing, outward
currents in 27/50 (54%) of cells and depolarizing, inward currents in
6/50 (12%) of cells. In 5/50 (10%) of cells, carbachol increased
membrane resistance that was accompanied by a increased firing
frequency of action potential. All the responses were attenuated in
the presence of atropine. Twenty four percent of the cells (12/50)
didn't show any responses to carbachol. These results indicate that
majority of large neurons in the septum are cholinoceptive and that
three types of atropine-sensitive responses can be distinguished.
by NIEHS grant ESO6365)
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A VOLTAGE AND CALCIUM-DEPENDENT CATION CURRENT
UNDERLIES THE DEPOLARIZATION AND DEPOLARIZING AFTERPOTENTIAL ELICITED BY MUSCARINIC ACTIVATION IN RAT
CORTEX. S. Hai-Dahmane* and R. Andrade. Dept. of Pharmacol, and
Physiol. Science, St. Louis Univ. School of Med. St. Louis, MO 63104.
Muscarinic stimulation depolarizes pyramidal neurons of the rat
prefrontal cortex and induces the appearance of a slow calcium-activated
afterdepolarization (sADP). We have previously shown that both of these
effects reflect the activation of cation-nonselective currents. We now have
examined the relationship of the currents underlying these two responses.
Whole cell recordings were obtained from layer V pyramidal neurons of
rat prefrontal cortex in brain slices. Administration of carbachol elicited
an inward current that increased steeply in amplitude above rest (approx
-70 mV). Blocking calcium influx using cadmium greatly reduced this
voltage dependence. Buffering of the intracellular calcium with 10 mM
EGTA or BAPTA had no effect on the carbachol induced current (ICARB) at
rest. However it strongly reduced the amplitude of this current at
depolarized potentials as well as the current underlying the afterdepolarization (Iadp ). This indicated that the voltage dependence of ICARB
was due, at least partly, to calcium influx. Moreover it suggested the sADP
resulted from a calcium induced enhancement of the current responsible
for the depolarization. Consistent with this possibility, administration of
TEA(2-3 mM), which blocks of depolarization, also inhibited the sADP.
These results suggest that muscarinic receptors activate a voltage and
calcium-dependent cation current to depolarize cortical pyramidal
cells. Calcium influx during one or more action potentials enhances
this current and results in the appearance of a depolarizing
afterpotential. Supported by MH 49355.

MUSCARINIC RECEPTORS MEDIATING INWARD AND OUTWARD
CURRENTS IN RAT DORSOLATERAL SEPTAL NEURONS. T.Akasq*1
H. Hasao1 ami J, P. Galfpje lnDpp ptyyoL KKume UniK Sdc Mm L,
Knnnne 830, Japan and 2I>ept PharmacoL & ToskoL, Univ. Texas Med. Br.,
Galveston, Texas 77555, UJ5A.
Cellular mechanism and receptor type responsible for the muscarine-induced
currents in dorsolateral septal nucleus (DLSN) neurons were investigated by
using slice patch-damp technique. Bath-application of muscarine (3-100 pM)
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caused either inward current (1^ or outward current (I,,,,,) in DLSN neurons.
These currents were associated with increase in membrane conductance and were
voltage-independent. The reversal potentials of 1^ and
were -17.0+53 mV
(n=14) and -90 ±43 mV (n=28), respectively. In subpopulatkm of neurons,
muscarine caused the inward current by suppression of a voltage-dependent, noninactivating K+ current, the M-currenL The
was concentration-dependent;
the ECjo of
and 1®, were 23 and 7 pM, respectively. Atropine (03 pM)
completely reduced both 1^ and 1^,. Pirenzjne (PZP) also reduced the
and the 1^, in a competitive manner. Schild plot showed that the Kd for PZP
was 120 nM (n=5) in the 1^. Methoctramine (1 pM) competitively depressed
the I^ with Kd of 230 nM. AF-DX 116 (1 pM) produced no significant
inhibition of the 1^. In contrast, the Kd value for PZP was 54 nA in 1K,. AFDX 116 inhibited the 1^, in a competitive manner with Kd of 410 nM. McN-A343 produced neither inward nor outward current. Intracellular dialysis with
GTPyS, a non-hydndyzable analogue of GTP, irreversibly depressed both the I^
and die 1^. Pre-treatment of DLSN neurons with pertussis toxin (PTX) did not
prevent the 1^ (n=8), while it completely depressed the
(n=8). These data
suggest that muscarine causes non-selective cation and K'Ccurrents acting at M3

and M< subtype receptors, respectively, through different types of G-proteins in
DLSN neurons.
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A QWNUCLIDINE DERIVATIVE INDUCES AN INWARD
CURRENT ASSOCIATED WITH M-POTASSIUM CURRENT
INHIBITION
IN
ml-MUSCARINIC
RECEPTORTRANSFORMED NG 108-15 CELLS. H. Kishida* K. Yamamoto*.
Y. Fuse8. M. Nodab. and H. Higashidab*. *Takosigo Res. Lab., Kaneka
Corp., Takasago 676, and bDepart. of Biophys., Kanazawa Univ. Sch.
of Med., Kanazawa 920, Japan

MUSCARINIC ENHANCEMENT OF A NOVEL NEURONAL CHLORIDE
CONDUCTANCE. S. J. Marsh, J. Troosiard, J. L. Leaney, C. Stansfeld* & D. A.
Brown. Department ofPharmacology, University College London, Gower Street, London
WC1E 6BT. UK
Experiments on cultured mamalian sympathetic neurons, using combined techniques of
voltage-clamp perforated-patch recording and microfluorimetric measurements of intracellular
Ca2+ with indo-1, have disclosed a delayed Cl-current that is synergistically regulated by the
actions of raised intracellular Ca^+ and muscarinic (ml) receptor-mediated activation of

3-(m-phenoxybenzylidene)-quinuclidine (KST-5452) is an Mispecific ligand with an affinity constant of about 23 nM for rat cerebral
cortical membrane. Oral administration of KST-5452 to rats with basal
forebrain lesions improves passive avoidance performance. This
suggests that KST-5452 has an ameliorating action on amnesia,
probably through an effect on the cholinergic central nervous system.
The electrophysiological effects of KST-5452 were studied in NG10815 neuroblastoma x glioma hybrid cells transfected with ml muscarinic
acetylcholine receptor (mAChR) cDNA. Application of 0.1-1 mM
KST-5452 (3 pl) on NGPM1-27 cells induced a long-lasting inward
current accompanied by a fall in membrane conductance. The average
amplitude of the inward current elicited by 1 mM KST-5452 was 0.6 ±
0.3 nA (n=l9). Outward current was not observed in 19 NGPM1-27
cells tested. The inward current was accompanied by an inhibition of
the amplitude of M-current relaxations (49 ± 11 %, n=lO). The results
show that KST-5452 mimics only an excitatory part of the ACh-inducd
responses in ml-transformed cells and suggest that the ameliorating
effect of KST-5452 on amnesia may be due to the increased membrane
excitation in brain neurones which results from the inhibition of the Mcurrent.

In voltage-clamped (-60mV) Cs-loaded
cells at 32 °C, bath application of the
muscarinic receptor agonist oxotremormeM (Oxo-M) did not change die resting
intracellular Ca^+ concentration or
membrane conductance but augmented a
slowly developing inward current
following an intracellular Ca^+ transient
induced by a voltage-step (0.2s to OnV, it
in figure). This effect was mimicked by
phorbol esters and blocked by down
regulation of PKC and the PKC inhibitor
calphostin C. Chloride channel blockers
and ion substitution experiments suggest
that the slow inward current results from
an increased Cl* conductance.

ACETYLCHOLINE RECEPTOR MUSCARINIC:

We also found that a brief application of acetylcholine could induce die delayed chloride
current through a conjoint action on both nicotinic receptors (to produce a change in [Ca^+ ]j)
and muscarinic receptors (to increase DAG levels and thereby activate PKC). This
demonstrates an unusual form of synergism between two effects of a single transmitter

AGONIST/ANTAGONIST FOR RECEPTORS
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MUSCARINIC RECEPTOR INHIBITION OF AGONIST-STIMULATED CYCLIC
AMP IN GUINEA PIG ILEUM. R. S Ostrom and F. J. Ehlert*, Dept, of
Pharmacology, College of Medicine, University of California, Irvine, CA 92717.
The longitudinal muscle of the guinea pig ileum contains both M2 and M3
muscarinic receptor subtypes. The M3 subtype couples to phosphoinositide hydrolysis
and elicits a direct contraction, whereas the more abundant M2 subtype inhibits
adenylate cyclase and has an indirect role in contraction. In rat ileum only forskolin,
isoproterenol, PGE! and PGE2 increased cAMP accumulation, and of these, only
responses elicited by forskolin and isoproterenol could be opposed by the M2 receptor
(Griffin et al., J. Pharmacol. Exp. Ther. 263(1): 221-5, 1992). The purpose of this

Sequestration of muscarinic acetylcholine receptors.
H. Tsuga, 15. QkuOO. K. Kamevama. and T, Haga*. Inst, for
Brain Research, Univ. of Tokyo, Tokyo 113, Japan.
Sequestration of muscarinic acetylcholine receptors (ml-m5),
which was assessed as loss of [3H]N-methylscopolamife binding
activity from the cell surface, was examined in COS-7 cells that had

study was to characterize similar relationships in the guinea pig ileum. We
investigated the ability of oxotremorine-M (oxo-M) to inhibit cAMP accumulation in
slices of the guinea pig ileum in the presence of various agonists known to stimulate
adenylate cyclase. Appreciable stimulation of cAMP (>50% over basal) was observed
with maximal concentrations (1-10 pM) of forskolin, isoproterenol, PGE], PGE2 and
PGI2, with fold stimulations over basal of 14.93, 2.51, 2.27, 2.28 and 1.52,
respectively. Moderate cAMP stimulation (25 - 50% over basal) was seen using
dopamine, 5-HT, 5-methoxytryptamine, dimaprit and VIP. Little or no effect (<25%
over basal) was observed with SKF-38393, 2-chloroadenosine, CGS-21680, PGD2,

secretin and vasopressin. Oxo-M (1 pM) inhibited cAMP accumulation by 35% under
basal conditions, while forskolin- and isoproterenol-stimulated cAMP was inhibited by
73 and 61%, respectively. Oxo-M inhibited PGEr and PGE^-stimulated cAMP by 48
and 56%, respectively, but only inhibited PGI2-stimulated cAMP by 33%, a value no
greater than the oxo-M effect on basal cAMP. Oxo-M inhibition of cAMP
accumulation in the presence of the other agonists with moderate or no stimulation of
adenylate cyclase was less than or equal in magnitude to its effects on basal cAMP.
Our results show that only forskolin, isoproterenol, PGEb and PGE2 cause an
appreciable increase in cAMP that is opposed by muscarinic stimulation, suggesting
that the relaxing effects of these agents may be specifically inhibited by the M2

receptor. (Supported by NIH grant NS30882)

been
t^y transfected with muscarinic receptors and G proteincoupled receptor kinase (GRK2 = pARKl) or GRK2 dominantnegative mutant (DN-GRK2). The agonist-dependent
phosphorylation and sequestration of m2 receptors were facilitated
by co-expression of GRK2, and reduced by co-expression of DNGRK2. The sequestration of m4 receptors was observed by
treatment with 10-5 M or higher concentrations of carbamylcholine
and 40% of m4 receptors were sequestered by treatment with KO-410-3 M of carbamylcholine for 2 hours. When GRK2 was coexpressed, 35% of m4 receptors were sequestered by treatment with
10-6 M of carbamylcholine and 65% of m4 receptors were
sequestered by treatment of 10-4 -i0-3 M of carbamylcholine for 2
hours. Co-expression of DN-GRK2 reduced the sequestration of m4
receptors to less than 25%. For ml, 3, 5 receptors, only less than

25% of receptors were sequestered by treatment of lO4 -10 -3 M of
carbamylcholme for 2 hours. These results indicate that the
phosphorylation of m2 and m4 receptors by GRK2 facilitates their
sequestration and the mechanism of sequestration may be different
between m2,4 receptors and ml, 3, 5 receptors.

801.3

801.4

BUTYLTHIO[2.2.2]:
AN
ORALLY
ACTING
MUSCARINIC
ANTINOCICEPTIVE IN RODENTS. M. D. B. Swedberg»1 M. J.
Sheardowin. P, Sauerbergl, P, Olesenl. P. D. Suzdakl. F. P.
BymasterTi J. S. Ward2. C. H. Mitch!. D. O. Calliqarol and H. E.
Shannon2. Novo Nordisk, Drug Discovery, Neuroscience, Malov,

MOLECULAR STUDIES OF AGONIST INTERACTIONS WITH ml
MUSCARINIC RECEPTORS. W.S. Messei^. Jr.*. M.A.N. Edaar. B.
Qi o. H. Zhana. J.J. Hu z1. Ill and A.A. El-Ass ad i
Department of Medicinal & Biological Chemistry, Center
for Drug Design & Development, College of Pharmacy, The
University of Toledo, Toledo, OH 43606
Selective muscarinic agonists might be useful in the
treatment of Alzheimer's disease.
Previous studies
identified several amidine derivatives as efficacious ml
agonists.
For example, 5-(3-methyl-1,2,4-oxadiazol-5yl)-1,4,5,6-tetrahydropyrimidine (CDD-0098) displays high
activity at ml receptors.
To explore the structure
activity relationships of muscarinic receptor ligands, a
novel isoxazole derivative was synthesized and tested for
ml receptor affinity and activity in A9 L cells.
5-(3-Methyl-isoxazol-5-yl)-1,4,5,6-tetrahydropyrimidine
(CDD-0190) inhibited [3H]-(R)-QNB binding to ml receptors
in a biphasic manner with 59 % of the sites at 1.6 pM and
41 % at 60 pM.
CDD-0098 displayed higher affinity; 31 %
at 21 nM and 69 % at 2.3 pM. CDD-0190 also stimulated PI
metabolism through ml receptors with an EC50 of 92 pM and
maximal stimulation at 290 % above basal levels.
CDD0098 was both more potent (5.4 pM) and efficacious (640
%) in stimulating PI turnover in A9 L cells.
Molecular modeling studies, using a model of the ml
muscarinic receptor developed by Nordvall and Hacksell
(J. Med. Chem. 36:967-97(5, 1993), suggested that the
isoxazole exhibits lower activity due to the loss of a
hydrogen bonding interaction with threoninel92 of the ml
receptor.
The data provide the basis for a systematic
evaluation of the molecular features important for
binding and activity at muscarinic receptor subtypes.
This work was supported by NS 01493 and NS 31173.

Denmark (1), and Eli Lilly Research Laboratories, Eli Lilly and
Company, Indianapolis, IN, U.S.A. (2).
Butylthio[2.2.2]((+)-3-[4-(butylthio)-1,2,5-thiadiazol-3-yI]-1-azabicyclo
[2.2.2]octane) is a muscarinic agonist/antagonist at muscarinic
receptors in vitro. The analgesic effect of butylthio[2.2.2] was assessed
in the Grid Shock, Tail Flick, Hot Plate, and Writhing tests in mice 30
min after s.c. or p.o. administration. EDM's (mg/kg) ranged from 0.12 3.5 (s.c.) and 1.15 - 19.0 (p.o.), yielding s.c./p.o. ratios of 5 - 20.
EDjo's (mg/kg) for the muscarinic side effects salivation or tremor were
13.5 (s.c.) and >60 (p.o.), yielding therapeutic windows > 50.
Butylthio[2.2.2] was equieffective too, and 3 - 23 times more potent
than morphine. Butylthio[2.2.2]'s duration of action was similar to
morphine's (160 min). The dose response curve was shifted to the right
by the muscarinic antagonist scopolamine but not by the opioid
antagonist naltrexone. After 6.5 days repeated dosing there was
marked tolerance to morphine, but less, if any, to butylthio[2.2.2]. In the
rat Grid Shock EDM's (mg/kg) of 0.3 (s.c.) and 22.0 (p.o.) mg/kg were
obtained. These data show that butylthio[2.2.2] potently and
efficaciously produces antinociception after s.c and p.o. administration
in mice and rats.
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FUNCTIONAL CHARACTERIZATION OF A SERIES OF NOVEL
1.4.5.6- TETRAHYDROPYRIMIDINE DERIVAVITEV AS SELELEITE
MUSCARINIC AGONISTS. A.A. El-Assadi*. S.M. Abunada,
Sehaal. D*. Rvan, M.A. Shepherd and W.S, Messer. Jr.
Department of Medicinal & Biological Chemistry, Center
for Drug Resign & Development, College of Pharmacy, The
University of Toledo, Toledo, OH 43606
Selective muscarinic agonists might be useful in the
treatment of Alzheimer's disease;.
Previous studies
identified several amidine derivatives as selective and
efficacious ml agonists.
5-Ethyloxycarbonyl-1,4,5,6tetrahydropyrimidine (CDR-078), 5-propargyloxycarbonyl1.4.5.6- Tetrahyhropyrimidine (TDDr090), and 5T(--3thyl1,2,4-oxaOiazol-5-yl)-1,4,5,6-tetrahydroprrededine COO
-102) display high efficacy at ml receptors and lower
activity at m3 receptors expressed in A9 L cells.
Functional
selectivity
for
M]_
receptors was
confirmed through a
series
of
biochemical
and
behavioral studies.
R^enz^^e was more effective
than either AF-RX 116 or p-F-HHSiR in blocking the
stimulation of RI turnover in rat cerebral cortex by
each agonist: .
Pharmacological screening indicated few
cholinergic
side-effects
(e.g.,
salivation,
hypothermia) for each agonist following i.p. injections
in mice.
Finally, i.p. injections of CRR-097 (1.0
mg/kg) reversed spatial memory deficits induced by
i.c.v. administration of hemicholeniud-3 (5 pg) in a
modified Morris water maze task.
Taken together, the
data indicate the functional selectivity of these
compounds, which warrant further development as Mi
agonists for the treatment of Alzheimer's disease.
This work was supported by NS 01493 and NS 31173.

AGONIST/ANTAGONIST FOR RECEPTORS

THURSDAY AM

801.6
MUSCARINIC AGONIST STIMULATION OF CYCLIC AMP ACCUMULATION IN
PERTUSSIS TOXIN-TREATED CHO-m4 CELLS. Kris Eckols and Neil DeLapo*.
Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, Indiana 46285
Of the five molecularly defined subtypes of muscarinic receptors, the m2 and
m4 proteins are negatively coupled to adenylate cyclase. However, Jones et.
al.(Mol Pharm 40:242-247,1991) reported a large atropine-inhibitable increase
in cAMP formation induced by the muscarinic agonist carbachol in CHO-m4
cells that had been treated with pertussis toxin (PTX). The purpose of the
present study was to characterize the pharmacology of muscarinic-mediated
cAMP accumulation in PTX-treated CHO-m4 cells. Subconfluent CHO-m4 cells

were treated for 18 hours with 100 ng/ml PTX. Cells were harvested with
trypsin and were incubated in suspension for ten minutes in the presence of 1
pM forskolin ± the compounds tested. Incubations were terminated by boiling
and cAMP was determined with an enzyme immunoassay. Antagonist doseresponse curves were determined for reversal of stimulation by 10 pM
oxotremorine M. Oxotremorine M stimulated an 8-10 fold increase in cAMP
formation (EC5O: 2.2 ± 1.1 pM) that was blocked by 1 pM atropine. A series of
standard agonists exhibited a wide range of partial agonist activities (relative to
oxotremorine M as 100): acetylcholine, 106; carbachol, 92; arecoline, 77; Saceclidine, 69; muscarine, 63; bethanechol, 42; McN-A-343, 33; R-aceclidine,
13; pilocarpine, 11; and RS 86, 7. Estimated Ki's for antagonists were:
atropine, 1.3; 4-DAMP, 3.6; dicyclomine, 40; PFHHSi'D, 175; pirenzepine, 180;
and AFDX 116,1490. The rank order of antagonist potencies was the same as
reported for m4-mediated inhibition of adenylate cyclase in rat striatum (Olianas
and Onali, J. Pharm. Exp. Ther. 259: 680-686,1991). Thus, in CHO-m4 cells
lacking a functional Gi protein, the robust muscarinic stimulation of cAMP
formation (16-20 fold over inhibition of forskolin-stimulated cAMP formation in
non-PTX-treated cells) has a typical m4 pharmacology and readily discriminates
full from partial muscarinic agonists.

801.7

801.8

NEOSTIGMINE APPEARS TO ACTIVATE MUSCARINIC RECEPTORS ON
MUDPUPPY PARASYMPATHETIC POSTGANGLIONIC NEURONS.
J.C. Hardwick. R.L. Parsons and S.B. Backman.* Dept, of Anatomy &
Neurobiology, University of Vermont, Burlington, Vermont, 05405 and Dept. of
Anaesthesia, Royal Victoria Hospital, McGill University, Montreal, Quebec, H3A
1A1.
Indirect evidence from in-vivo studies in cats suggests that the bradycardia
produced by systemic administration of the anticholinesterase neostigmine may
be mediated, in part, by direct activation of muscarinic receptors on cardiac
parasympathetic postganglionic neurons (J Pharm Exp Ther 1993 265:194). In the
present investigation, this possibility was examined more directly by studying the
effect of direct application of neostigmine to individual parasympathetic
postganglionic neurons of the mudpuppy (Necturus maculosus) cardiac ganglia.
Previous studies in these neurons have shown that muscarinic agonists activate an
inwardly rectifying potassium conductance via m2 receptors (Neuropharmacol
1992 31:1311). Neurons were impaled with an intracellular recording electrode
and the voltage responses to brief (1-3 sec) pressure ejections of either
neostigmine ( KfM) or the muscarinic agonist oxotremorine (lCF’M) were
examined.
Neostigmine and
oxotremorine
applications produced
hyperpolarizations of 20.4 ± 3.2 mV, n= 10 & 30.2 ± 3.3 mV, n=8, respectively).
Neither response was affected by superfusion with the nicotinic antagonist
hexamethonium (100 pM). However, the neostigmine-and oxotremorine-induced
hyperpolarizations were reversibly inhibited by both non-selective (atropine 1
pM) and selective m2 (gallamine 20 pM; AFDX-116 1 pM) muscarinic
antagonists. The neostigmine-induced hyperpolarization was associated with a
decrease in input conductance and appeared to reverse near the potassium
equilibrium potential. These results suggest that neostigmine may activate m2
receptors on cardiac parasympathetic postganglionic neurons, independent of its
anticholinesterase activity. Supported by NIH grant NS 23978 to R.L.P.

NOVEL MUSCARINIC M1 RECEPTOR AGONISTS PROMOTE
SURVIVAL OF CNS NEURONS IN PRIMARY CELL CULTURE.
J.

Alberch*1’2, p , (3 urwite3,4, A, Fisher^and H .H.J. Mouot!

1 Dept. of N euro-

science and Cell Biology, Robert Wood Johnson Medical School-UMDNJ,
Piscataway, NJ 08854 2Dept. de Biologia Cel.lular i Anatomia Patologica, Univ.
Barcelona, Spain, Israel Institute for Biological Research, Ness-Ziona, Israel
and 4Sackler Faculty of Medicine, Tel-Aviv University, Israel.

We reported previously that muscarinic receptor (mACh-R) activation
increases survival of cultured Purkinje cells, grown in the presence of NGF
(Mount etal. 1994, J. Neurochem. 63, 2065). In the present study, we
examined the trophic potential of a novel series of specific m1ACh-R partial
agonists in primary cultures of cerebellum and striatum. These compounds
(AF150(S), AF151(S) and AF102B) stimulate release of arachidonic acid and
activate phospholipase C, but do not affect adenylyl cyclase in cell lines
transfected with mlAChR gene.
Dissociated cultures of gestational day 18 (E18) rat cerebellum were grown
for 6 days in the presence of drug +/- NGF. The m1 AChR agonists elicited
dose-dependent increases in Purkinje cell survival, that were pirenzepine (10
nM) sensitive. NGF potentiated the trophic action of low agonist
concentrations (1-10 pM). NGF also improved Purkinje survival, when
administered in combination with exogenous arachidonic acid.
To examine whether muscarinic mechanisms regulate survival in other brain
areas, agonists were tested in cultures of E18 striatal neurons. AF150(S)
elicited dose-dependent increases in cell number, at 7 days in vitro.
Improvements in survival were paralleled by enhancement of [3H]GABA
uptake, suggesting that GABAergic neurons were affected.
In sum, m1ACh-R activation improves survival of diverse populations of
cultured primary neurons. Receptor coupling to phospholipase C and/or
arachidonic acid release may underlie these actions. (Supp: Medical
Research Council [Canada] and Ministerio de Educacion y Ciencia [Spain].)

801.9

801.10

METHOXYPHENETHYLAMINE-ERGOLINE
“HYBRIDS”:
NOVEL
MUSCARINIC LIGANDS. M.A. Mavleben1* A. Monte2. W. Roeske3. H
Yamamura3. R.B. Mailman1 and D.E. Nichols2. Univ. of North Carolina! Chapel
Hill, NC 27599, and Purdue Univ.2, W. Lafayette, IN. 47907, Univ. of Arizona3,
Tempe, AZ
Among the deficits seen in Alzheimer’s Disease are decreased levels of
acetylcholine (ACh) in several brain regions. Attempts to remedy this deficit using
either increased dietary choline or cholinesterase inhibitors have had very limited
success. Direct pharmacotherapy has been plagued by the lack of selectivity of
available drugs in discriminating among the five muscarinic receptors (ml-m5) that
have been cloned to date. All of these receptors are in the G-protein superfamily,
with the ml and m3 receptors linked to PI hydrolysis, and the m2 and m4 receptors
negatively coupled to adenylate cyclase (AC). Localization studies indicate that the
muscarinic receptors are found in the heart (mostly m2), salivary and sweat glands,
and brain. In the brain, m2 receptors are found predominantly presynaptically, while
the ml receptors are found postsynaptically. This pattern has suggested that an ideal
Alzheimer’s drug would be an agonist at the ml receptor while having no affinity or
even antagonistic effects at the m2 receptor. During the screening of aminotetrahydronapthofurans (NAPs) designed as serotonergic ligands, certain members were
found to have nanomolar affinity at the ml muscarinic receptor in brain, with seven
times lower m2 and little m3 activity. These compounds were studied further in a
murine fibroblast cell line (B82) transfected with either the ml or the m2 receptor. In
these lines, bromoNAP had higher affinity (ml Ki = 14 nM; m2 Ki = 30 nM) than the
parent drug (NAP) (ml Ki = 149 nM; m2 Ki = 335 nM), whereas a second analog
(N,N-dimethylNAP) had little affinity for these receptors (ml K = 846 nM; m2 K =
943). Functional studies at both the ml and m2 receptors demonstrated that all of
these drugs were antagonists. Although these functional characteristics suggest the
compounds will not have utility as therapy in AD, this class is unusual for high
affinity muscarinic ligands in that they are primary amines.

IN VIVO EFFECTIVENESS OF SELECT M2 ANTAGONISTS. M.J.
Stillman*1, B. Shukitt-Hale! A. Levy2, and H.R. Lieberman. Military
Performance and Neuroscience Division, United States Army Research
Institute of Environmental Medicine, Natick, MA 01760-5007, ‘GEOCENTERS, INC., Newton Centre, MA 02159, and 2IIBR, Ness Ziona,
ISRAEL.
The central cholinergic system has been shown to exhibit
presynaptic modulation of acetylcholine (ACh) release. Although still
under investigation, evidence from physiological and pharmacological
studies suggests that the M2 receptor subtype acts as a negative
autoreceptor. This in vivo microdialysis study examined the effects of
the M2 antagonists, methoctramine, AF-DX 116, AF-DX 384, and AQRA 741, on hippocampal extracellular ACh levels. Drug (2, 4, 8, or
16 pM) or vehicle (Ringer’s solution) was perfused via a
microdialysis probe into the CA1 hippocampal region of freelymoving male Fischer 344 rats. Levels of ACh were assessed by
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HPLC-EC. All compounds significantly elevated ACh levels. When
the dose-response functions were expressed as Kd multiples, the drugs
were found to be on the same linear dose-response curve, with certain
exceptions. These results support the concept that the proposed
presynaptic mechanism of action of these drugs is M2 receptor-based.

THURSDAY AM
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AN AGONISTIC EFFECT OF ATROPINE. P,S. Guth*. F .R. Domer.
C.H. Norris. S. Masetto and P. Valli. Dept, of Pharmacol., Tulane
Med. Sch., New Orleans, LA 70112 and 1st. Fisiol. Gen. Univ. Pavia,
Pavia, Italy.
According to pharmacological theory (Paton, 1961) even antagonists
should cause receptor activation, initially, before tight binding occurs.
Hanf et al. (1993) reported on just such an agonistic effect of atropine
(Atr) on muscarinic receptors of cardiac myocytes. The present
observation occurred when Atr was used in an attempt to identify the
receptor involved in an effect of acetylcholine (ACh) on sensory cells
(hair cells) isolated from the frog saccule. The application of Atr (nM^M) produced changes in currents similar to those produced by ACh in
voltage-clamped isolated hair cells. Further, ACh and Atr seemed to be
additive in their effects. We then went on to demonstrate that Atr had
agonistic effects in vestibular organs in vitro. In both semicircular canal
and saccule, Atr (pM-nM) facilitated afferent firing rates similarly to
ACh. The saccule was significantly more sensitive to Atr's effect than
the semicircular canal. Denervation of the efferent, cholinergic
innervation of these organs did not alter their responses to Atr. At
higher concentrations, Atr has been shown to antagonize the facilitatory
effects of ACh in vestibular organs (Housley, et al. 1990; Guth et al.
1994). Thus, Atr exerts an ACh-like agonistic effect in these organs.
Supported by Grant DC 00303 of the N.I.H.

HEPARIN INTERACTION WITH MUSCARINIC RECEPTORS;
SUBTYPE SELECTIVITY AND MECHANISM OF ACTION.
Esam E, El-Fftkfhaiy*, $h<w Zhcn Wang and Randec Rlmyndspn.
Division of Neuroscience Research in Psychiatry, University of
Minnesota Medical School, Minneapolis, MN 55455.

The selectivity of heparin in its positive cooperative effects in
influencing binding of antagonist muscarinic receptor ligands was
investigated at the five known subtypes of muscarinic receptors. The
effects of heparin on binding of pHjN-mehylscopolamine at
equilibrium was studied in CHO cells which express each of the
individual muscarinic receptor subtypes and in membranes prepared
from these cells. Heparin significantly increased equilibrium binding
of subsaturating concentrations of the ligand only in membranes of
CHO-m2 cells. These effects of heparin were similar to those obtained
in cardiac membranes. Heparin did not influence ligand binding to m2
receptors in intact cells, suggesting an action of heparin at a
cytoplasmic domain of the receptor or at an intracellular protein which
is coupled to m2 muscarinic receptors. The positive cooperative
effects of heparin at m2 muscarinic receptors were nearly abolished
upon treatment of cells with pertussis toxin. These results suggest that
the effects of heparin on ligand binding to m2 muscarinic receptors
require an intact interaction between the receptor and G-proteins.

801.13

801.14

ANTICHOLINERGIC ANTIPARKINSON DRUGS ARE POTENT
ANTAGONISTS OF MUSCARINIC INHIBITION OF DISSIMULATED ADENYLYL CYCLASE IN RAT STRIATUM.
P.Onali* and M.C. Olianas. Dept. of Neurosciences, Univ. of Cagliari,
Cagliari, Italy.
Antimuscarinic drugs have long been used for the treatment of
Parkinson’s disease and extrapyramidal motor disturbances caused by
neuroleptics. However, the mechanisms underlying this therapeutic
benefit have not been elucidated. Previously, we have reported that in
rat striatum muscarinic receptor activation inhibits dopamine (DA) D1
receptor function, as indicated by the reduced DA stimulation of
adenylyl cyclase. In the present study we have investigated the ability
of various antimuscarinic drugs currently used in the treatment of
Parkinson’s disease to antagonize the carbachol (CCh) inhibition of
adenylyl cyclase activity stimulated by the selective DA D1 agonist (±)
SKF 82958. We have found that trihexyphenidyl, benztropine,
biperiden, procyclidine and ethopropazine are potent antagonists of
CCh inhibitory effect with Ki values ranging from 4.0 to 30 nM.
Moreover, there is a good correlation (r = 0.95) between the Ki values
and the average clinical doses of the drugs. These data suggest that the
removal of a muscarinic inhibitory tone on D1 receptor activity may be
one of the mechanisms by which the anticholinergic drugs exert their
antiparkinsonian effect.

STRUTURAL BASIS OF ANTAGONIST BINDING TO ml AND m2
MUSCARINIC RECEPTORS USING SITE-DIRECTED
MUTAGENESIS.
M.A.B. TICE*. L.A. TAYLOR. T. HASHEMI
AND R.D. McQUADE. CNS Pharmacology, Schering-Plough
Research Institute, Kenilworth, NJ 07033
Pharmacological characterization of the muscarinic receptors has

been based on affinity for the M1 and M2 selective antagonists,
pirenzepine (PZ) and AFDX-116, respectively. The molecular cloning and
sequencing of the five muscarinic receptor genes have advanced our

ability to investigate receptor binding using such tools as site-directed
mutagenesis. In an attempt to map antagonist binding and to probe
receptor selectivity, we have performed site-directed mutagenesis on the
human m1 and m2 receptor genes. Corresponding sequnces were
exchanged between the receptor genes. Mutants were constructed that
replaced uncharged residues in m1 (Leu174-Ala175-Gly176-Gln177) with
the corresponding charged residues of the m2 sequence (Glu172Asp173-Gly174-Glu175). Another mutant involved the replacement of the
charged Glu397 in m1 with Asn of m2. A similar mutant was constructed in
m2 which changed Asn419 to Glu. Radioligand binding studies conducted
with these mutants show 2 to 3 fold increase in affinity for PZ by the m2
mutants and a 2 fold increase in affinity of the m1 mutant Asn 397 for the
m2 selective antagonist, himbacine.
Site-directed mutagenesis studies performed by Fraser,et al. Mol. Pharm.
36:840(1989) on conserved aspartate residues of the m1 receptor
revealed the importance of Asp1O5 for antagonist binding. We like others
have investigated the effect of mutation of conserved amino acids around
this pivotal residue. Mutation of the conserved Trp residue in m1 and m2
at positions 101 and 99, respectively, have been constructed.
.
Construction of mutants in the muscarinic receptor family have given insight
into the basis of receptor selectivity for various antagonists.
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IN SITU HYBRIDIZATION STUDIES

IN VIVO UPTAKE OF I-123 QNB STEREOISOMERS IN' HUMAN BRAIN.
R. Coppola*. M.B. Enable. D.W. Jones. J. Gorev. H.S. . Lee. D.R. Weinberger.
NIMH, IRP, CBDB, 2700 M. L. King Jr. Ave., S.E., Washington, D .C., 20032
^^123 QNB, a radioligand antagonist for muscarinic receptor imaging, has four
stereoisomers which have not been fully characterized in vivo in humans. Two
normal subjects (aged 34 and 75), underwent SPECT studies with the RS, RR, SR
and SS stereoisomers of 1-123 QNB in separate scanning sessions. Prolonged timeactivity data over a period of 22 hours were obtarnel. Regions of interest (ROIs)
were drawn on MRI scans co-registered with SPECT scans. All isomers produced
scans with no detectable binding in the cerebellum. The RS isomer produced scans
with the most rapid accumulation of specific binding. The RR isomer produced
scans with a slower accumulation and lower peak of specific binding. The SR and
SS isomers yielded scans with an early peak of few counts and little anatomic
segregation of ligand distribution. The table displays the peak binding for both

OF THE EXPRESSION OF
MUSCARINIC RECEPTOR SUB-TYPE mRNA IN AGED MEMORYIMPAIRED AND UNIMPAIRED LONG EVANS RATS. H. Le Jeime*. J-G.
Chabot. W. Rowe, M. Meanev and R. Ouirion. Douglas Hospital Res. Ctr., Dept.
Psychiat. McGill Univ., 6875 Boul. LaSalle, Montreal, Canada H4H 1R3.
We recently reported that the apparent densities of muscarinic M2-like /
l3H]AF-DX 384 binding sites are not decreased, but indeed increased, in various
cortical and hippocampal areas of 24-25 month-old memory-impaired (Al) vs aged
memory-unimpaired (AU) Long Evans rats behaviorally-assessed using the Morris
Water Maze (Ouirion et al., J. Neurosci., 15:1455, 1995; Aubert et al., Neuroscience,
in press). Increases in M2-like receptor binding densities were correlated with
altered acetylcholine release, and behavioral improvements were noted following
treatment with a potent antagonist, BIBN99 (Quirion et al., ibib). In order to
determine if changes in M2-like receptor levels were of genomic/transcriptional
nature, the expression of molecularly-defined ml, m2, m3 and m4 receptor mRNAs
was studied in the AI/AU model using quantitative in situ hybridization and 35Slabeled riboprobes complementary to human muscarinic receptors cDNA sequences
(Bonner et al., Science 237:527-532, 1987). Specific mRNA transcripts for each of
these four muscarinic receptors are expressed- in the rat brain according to a unique
profile of distribution globally, but not fully, in accordance with earlier results
obtained with oligonucleotides. The apparent level of expression of each mRNA
transcript was not significantly different in any regions of the Al vs AU rat brains or
between 6-month old Long Evans adult rats and 24-25-month old aged animals.
Accordingly, increases in [3H]AF-DX 384 binding sites are not associated with
changes in the expression of the m2 and m4 transcripts, the two genes coding for
pharmacological-defined M2 receptors recognized by [3H]AF-DX 384. It thus
suggests post-transcriptional and/or receptor recycling modifications leading to
apparent increases in receptor protein levels in the AI group. Supported by MRCC.

Society

2041

for

Neuroscience , Volume 21, 1995

SS
SR
RR
RS
young old
young old
young old
young old
6.8
14
1.2
5.4
5.5
5.2
48.3
1.4
Thalamus
8.8
1.6
1.5
47.3
4.8
139.5 10.1
Putamen
35.2
0.49
0.78
6.3
134.5 7.2
24.2
3.4
14.0
Occ. Ctx.
These data, in combination with previous in vitro work (Gibson, J. Nuc. Med.,

1984), suggest that the RS and RR isomers have different affinities at the Ml and
M2 receptor subtypes that may be discernible in vivo. Also, there appears to be an
age related increase in the number of unoccupied Ml and M2 receptor subtypes.

ACETYLCHOLINE RECEPTOR MUSCARINIC:

2042
802.3

RECEPTORS—EXPRESSION

THURSDAY AM

802.4

SUBTYPE-SPECIFIC REGULATION OF MUSCARINIC
RECEPTOR EXPRESSION AND FUNCTION BY
HETEROLOGOUS RECEPTOR ACTIVATION. D. A. Jackson*
and N. M. Nathanson. Department of Pharmacology,
University of Washington, Seattle, Washington 98195.
Incubation of cultured embryonic chicken heart cells with
the p-adrenergic agonist isoproterenol resulted in a dosedependent increase in the number of mAChR on the surface of
intact cells. The isoproterenol-mediated increase in mAChR
number was time-dependent and reached a maximum by 48
hours. Chick heart cells treated with isoproterenol exhibited a
greater than 6 fold increase in the sensitivity for carbacholmediated inhibition of adenylyl cyclase activity as compared to
control. Stimulation of cultured heart cells for 24 hours with
isoproterenol resulted in a 25-35 % increase in cm2 mRNA
levels as compared to control cm2 mRNA levels. In contrast, the
level of cm4 mRNA was not significantly affected by
isoproterenol treatment, cm2 mRNA levels were maximally
elevated by fifteen hours following isoproterenol stimulation
and remained elevated for up to 72 hours. Incubation of cells
with isoproterenol in the presence of Rp-cAMP, an inhibitor of
cAMP-dependent protein kinase, blocked the increase in the
level of cm2 mRNA. Thus, prolonged activation of p-adrenergic
receptor results in an increase in mAChR number and
muscarinic responsiveness in chick heart cells due to a cAMPdependent protein kinase mediated increase in cm2 mRNA
levels.

LOCALIZATION OF MUSCARINIC ACETYLCHOLINE RECEPTOR
SUBTYPES IN HUMAN BRAIN USING BY SUBTYPE SPECIFIC ANTIBODIES.

Shiozaki K.1 Uchivama H.2 andNakataH.*3 1 Fukushimura Hospital, 19-14

Yamanaka Noyoricho Toyohashi 441 Japan 2Dept. of Neurosurgery, Hamamatsu

Redcross Hospital 3 Dept, of Pharmacology, National Defence Medical College.
We have attempted to generate subtype specific antibodies against muscarinic

acetylcholine receptor subtypes(mAChR, ml-m4) and to examine their distributions in
human brain. Large regions of the third cytoplasmic loops(i3) of the porcine(ml, m2)
and rat(m3,m4) receptors were expressed as fusion proteins and used for immunization.
Each antiserum immunoprecipitated each subtype of mAChR expressed in Sf-9(ml,
m2 and m4) or CHO(m3) cells in a subtype-specific manner. Membrane fractions were
prepared from postmortem human brains(80 year old male, 85 year old female, 91 year

old male), histopathologically diagnosed as normal aging. Concentrations of mAChRs

in different regions of the brain of these preparations as determined by 3 [H]QNB
binding were 1250+66(frontal cortex), 1028+159 (hippocampus), 1685+329(caudate
nucleus) and 984+119(thalamus) f mol /mg protein. mAChRs were prelabeled with

3 [H]QNB, then solubilized with 1 % digitonin and 0.1% cholate and

immunoprecipitated with antisera. The proportions of specifically precipitated
mAChR subtypes were estimated as the differences in the amounts of bound 3 [H]QNB

precipitated with specific antibody and those precipitated with non immune serum. The

estimated percentages were as follows:frontal cortex (ml :38.1+1.3, m2:9.1+0.9,

m3:6.3+l.l, m4:5.8+3.3), hippocampus(m 1:40.2+2.4, m2:9.0+0.3, m3:5.6+0.6,
m4:4.9+2.7), caudate nucleus(ml:43.7+2.4, m2:12.5+2.4, m3:4.1+0.9, m4:7.0+3.1)
and thalamus(ml:3.6+6.4, m2:46.0+6.8, m3:4.6+2.8, m4:-1.3+0.8).

802.5

802.6

EXPRESSION OF MUSCARINIC M3 RECEPTORS mRNA IN
HUMAN BRAIN MICROVASCULAR FRACTIONS, ASTROCYTES
AND VASCULAR CELLS IN CULTURE. D.G. Linville*1. Z. Cohen2.
A. Olivier2. W.V. Yong2. D- Stanimirovic3. and E. Hamel2. ‘Mercyhurst
Coll, Erie, PA, 16546 USA, 2Montreal Neurological Institute, McGill Univ,
Montreal, QC, Canada H3A 2B4 and 3National Research Council of
Canada, Ottawa, ON, Canada.
Subtype specific muscarinic acetylcholine receptors (mAChR) have been
identified pharmacologically in human isolated cerebral microvessels (MVs)
and capillaries (CAPs), of which the M3 subtype is thought to mediate
relaxation (Linville & Hamel, Naunyn-Schmied. Arch. Pharmacol., in
press). We investigated the expression of m3 mAChR mRNA by reversetranscriptase/polymerase chain reaction (RT/PCR) and/or IP3 production in
isolated human cortical MVs and CAPs obtained post-mortem, astrocytes
cultured from human fetal brain (HFBA) and subcloned endothelial (HBEC)
or primary cultures of smooth muscle (HBSM) cells. The latter were
respectively dissociated from CAPs (< 1 l2^m) or MVs (> 112 or > 35O/xm)
isolated from human temporal lobe excised at surgery for the treatment or
epilepsy. MVs, CAPs and HBEC were all enriched in 7-glutamyl
transpeptidase and alkaline phosphatase. HBEC and HFBA were respectively
and selectively immunopositive for Factor-VIII and GFAP. Gel
electrophoresis of the PCR products generated with specific m3 mAChR
oligonucleotide primers yielded a band of the expected size in preparations
of human MVs (n=3), CAPs (n=3), HBFA (n=3), HBSM (n=2), but not
HBEC (n=4). However, mAChR agonist bethanechol (ImM) moderately
increased (~70%) IP3 production in HBEC. These results snow that m3
mAChR mRNA is expressed in freshly isolated human cortical MVs, CAPs
as well as in astrocytes and primary cultures of smooth muscle cells, and
that HBEC express mAChRs couple to phospholipase C activation. Further
work is needed to explain to apparent discrepancy between HBEC and
freshly isolated CAPs (mainly enriched in endothelial cells) in m3 mAChR
expression. Supported by MRC and NRC of Canada and a McGill major
studentship (Z-C.)-

OXIDATIVE BURST IN NEURONAL CELLS AFTER MUSCARINIC
STIMULATION. J. Naarala*, P. Tervo, J. Loikkanen and K. Savolainen1. National
Public Health Institute, Department of Toxicology, P.O.B. 95, FIN-70701 Kuopio,
and ‘Department of Environmental Sciences, University of Kuopio, Finland.
The effects of a muscarinic receptor agonist, carbachol (CCh), on the production
of reactive oxygen metabolites (ROM) and the levels of the intracellular glutathione
(GSH) were studied in human SH-SY5Y neuroblastoma cell line. ROM and GSH
were measured by using fluorescent probes, dichlorofluorescin (DCF) and
monochlorobimane (MBCL), respectively. The translocation of protein kinase C
(PKC) to the cell membrane was measured by phorbol dibutyrate (PDBu) binding and
muscarinic receptor number was assayed by using quinuclidinylbenzilate (QNB)
binding in intact SH-SY5Y cells. One millimolar CCh increased ROM production
1.87 fold at 60 min, 2.37 fold at 120 min, and 3.0 fold at 180 min as compared to
the control values. However, CCh, at a concentration of 500 pM, caused only a slight
increase in ROM production, and values obtained with 100 pM CCh remained at
control levels. Intracellular GSH levels decreased by about 25% when the cells were
incubated for 120 min with 1 mM CCh. However, GSH levels returned back to the
control level after 180 min incubation. PDBu binding (B,^) increased by 73% after
20 min incubation with 1 mM CCh as compared to the control cells. Also 500 pM
CCh increased in PDBu binding 33-54% as compared to corresponding controls, i.e.
PKC translocation to the membrane was enhanced. QNB binding (B,^) increased
by 166% after 60 min incubation with 1 mM CCh, and returned back to the control
level after 180 min incubation. We conclude that muscarinic receptor stimulation with
CCh may cause oxidative stress in human neuroblastoma cells. Oxidative burst in
neuronal cells may be partially routed through PKC, because increase in PDBu
binding is a prerequisite for the production of ROM. However,-there may be other
effector mechanisms that have to be activatecd prior to the production of ROM.
Supported by the Academy of Finland.

802.7

802.8

MUSCARINIC ACETYLCHOLINE RECEPTOR EXPRESSION IN
DIABETIC RAT BRAIN. M.E. Morton*. T.N.Clancv. D.W. Laidlaw.
and C.E. Sanzi Department of Biology, College of the Holy Cross,
Worcester, MA 01610.
Current evidence suggests that neuropathies are a common
complication associated with human insulin-dependent diabetes mellitus
(IDDM). Although structural and functional changes occur in neural
tissues in individuals with diabetes, the molecular mechanisms
responsible for aberrant neural function and structure in diabetes are not
understood. The BB diabetic rat is an appealing system in which to
study these mechanisms since the BB rat model closely resembles
human IDDM. The muscarinic acetylcholine receptor (mAChR) is the
major receptor for acetylcholine in the brain and its expression has been
shown previously to be affected by insulin. Therefore, the neuronal
mAChR pathway is most likely affected in diabetes. To investigate the
expression of the mAChR and downstream targets in diabetes in order
to begin to dissect the role of altered mAChR function in the
development of diabetic neuropathies, pH]QNB binding analysis was
performed on brain tissue homogenates from male diabetic BB rats vs.
age- and sex-matched control rats. Diabetic rats were provided with
insulin up to 30 hours prior to analysis. The data demonstrate a twofold increase in expression of mAChR in diabetic rat brain This change
is specific for mAChR expression and not downstream components of
the signaling pathway since neither G-protein (Gp, Gial, Gia2, Gia3,
Gs, or Go) nor voltage-gated calcium channel (a2 subunit) expression is
altered in the hippocampus, cortex, brainstem, or cerebellum of diabetic
rats. Supported by a grant from NIH (NINDS) #31757-01.

Acetylcholine
(ACh ) Stimulates
the Release of Nitric Oxide from Rat
Spinal Cord in Vitro . Z Xu . C Tong. JC Eisenach*. P Li.The Bowman Gray
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School of Medicine of Wake Forest University, Winston-Salem, NC 27157-1009
Previous in vivo studies suggest that Nitric Oxide(NO) may mediate the actions of
ACh on spinal sympathetic neuronal activity and on antinociception in the spinal cord
dorsal horn. In this study we utilized a novel bioassay for NO release to examine the
effect of ACh perfusion of rat spinal cord in vitro on NO release. Following Animal
Care Committee approval, adult male Sprague-Dawley rats were euthanized, the
spinal cord removed, and spinal cord slices placed in tissue chambers perfused
continuously with oxygenated Krebs solution which exited the chamber to fall on
endothelium denuded aortic rings. Successful removal of endothelium was tested by
lack of relaxation to ACh. After preconstriction with phenylephrine, ACh (10'12 to 10
~ M) alone or with other drugs (all 10 M) were added into the perfusion solution,
with continuous recording of the detector ring's tension. Data are expressed as %
relaxation (mean ± SEM), and were analyzed by 2-way ANOVA on the full dose
response curves, with P < 0.05 considered significant. Perfusion directly on detector
rings of ACh caused no change in their tension, whereas perfusion over rat spinal
cord tissue with ACh resulted in a dose-dependent relaxation of the detector ring,
with maximum relaxation of 55%. This relaxation was blocked by n-methyl-l-arginine
(NMLA), hemoglobin, or methylene blue. ACh-induced relaxation was also blocked
similarly by the muscarinic antagonists, atropine, pirenzepine, or AFDX-116. This
study showed that ACh causes release of a vasodilator from spinal cord slices in vitro
which shares the pharmacology of NO (active on endothelium-denuded rings, blocked
by the NO synthase inhibitor, NMLA, the NO scavenger, hemoglobin, and the
guanylate cyclase inhibitor, methylene blue), and involving both Ml and M2
receptors activation.
Supported in part by GM35523.
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EFFECT OF FORSKOLIN ON CARBACHOL-INDUCED SIGNAL TRANSDUCTION
IN CANINE CULTURED TRACHEAL SMOOTH MUSCLE CELLS. C. M. Yang*.
Department of Pharmacology, Chang Gung College of Medicine and Technology,
Kwei-San, Tao-Yuan, Taiwan.
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Hippocampal Sympathetic Ingrowth and Cholinergic Denervation
Differentially Alter Hippocampal Muscarinic Receptors Over Time.
M.R. Roberson. K. Kolasa. D.S, Parsons. L.E. Harrell*. Alzheimer's
Disease Center, Depts. of Psychology and Neurology, VA and Univ.
Alabama Med. Ctr., Birmingham, AL 35294
Degeneration of forebrain cholinergic neurons and
hippocampal neuronal reorganizations both occur in Alzheimer's
Disease (AD). Our laboratory has been utilizing the model of
hippocampal sympathetic ingrowth (HSI), which has been suggested
to occur in AD, to investigate the functional effects of cholinergic
denervation (CD) and hippocampal rearrangements. In this model,
peripheral sympathetic libers, originating from the superior
cervical ganglia, grow into the hippocampus, after cholinergic
denervation via medial septal lesions (MSL). In this study we
examined the long-term effects of these treatments on muscarinic
cholinergic receptors (mAChR), by examining [3h ]-QNB, a
nonselective mAChR antagonist, binding in hippocampal
membranes 3 months post lesion. Four groups of animals were
employed: Controls (sham MSL + sham ganglionectomy (Gx); HSI
(MSL + sham Gx); CD (MSL + Gx); Gx (sham MSL + Gx). In dorsal
hippocampal membranes, binding affinity (Kq ) was found to be
significantly decreased in HSI (p <.OO2) and CD (p<.Ol) groups as
compared to controls, while number of mAChR (Bmax) was found
to be significantly increased in HSI as compared to controls (p <.O2)
and CD (p < .01) groups. These results suggest that long-term
cholinergic denervation (found in both HSI and CD groups)
decreases mAChR affinity, while the presence of sympathetic fibers
increases the number of mAChR. Thus, both HSI and cholinergic
denervation affect mAChR, a bit differently. Further, these results
may provide some insight into why cholinomimetic therapies are
ineffective for most AD patients, in that a decrease in mAChR
affinity would reduce agonist efficacy at the mAChR.

802.11

802.12

EFFECT OF (±)-EPIBAT!DINE ON THE RELEASE OF CATECHOLAMINES:
BIOCHEMICAL AND BEHAVIORAL EVIDENCE IN RATS. A.I. Sacaan». F.
Menzaphi. J.L. Dunlop. L.C. Correa. K.T. Whelan, and G.K. Llovd
SIBLA, 505 Coast Boulevard South, La Jolla, CA 92037-4641
The present study determined the effect of (±>epibatidine (Epi), a neuronal
nicotinic acetylcholine receptor (NAChR) agonist on catecholamine release. (±)-Epi
(3-300 nM) produced a concentration-dependent increase in [3H]-dopamine release
from rat striatal slices, and [3H]-norepinephrine release from rat hippocampal and
thalamic slices, with differential sensitivity to various NAChR antagonists as shown
below:'

CONSTITUTIVE ACTIVATION OF MUSCARINIC RECEPTORS
BY THE G-PROTEIN Gq E. S. Burstein*. T. A. Spalding. H.
Brauner-Osbome. M. R. Brann. Department of Psychiatry, University
of Vermont, Burlington VT 05405 and Receptor Technologies,
Winooski, VT 05404.

Tissue

EC50
(nM)

Striatum
Hippocampus
Thalamus

37 ±10
20 ±2.6
23 ±5.3

Mec
3 (uM)
+
+
+

dhpe
d-TC
100 (uM) 100 (uM)
+
+
+
-

TTX
1 (uM)
+
+
+

In addition, (±)-Epi (1-3 ug/kg, s.c.) and nicotine (350 ug/kg, s.c.) produced
ipsilateral turning in the unilaterally 6-hydroxy-dopamine lesioned rat, consistent
with the stimulation of dopamine release from the intact nigrostriatal dopamine
pathway. This effect was blocked by mecamyiamine (mec) (3 mg/kg, s.c.). Moreover,
(±)-Epi (1-3 ug/kg, s.c.) increased locomotor activity in a dose-dependent manner.
This effect was blocked by mec as well as the D1 and D2 receptor antagonists,
SCH2339O and eticlopride, respectively. These results demonstrate that, in addition
to the previously reported analgesic activity, (±)-Epi displays NAChR agonist
activity in the rat central nervous system and that certain effects may be mediated via
NAChR-stimulated catecholamine release, and subsequent activation of
corresponding receptors.

802.13

G PROTEIN Py SUBUNITS MIMIC THE MUSCARINIC
REGULATION OF ADENYLYL CYCLASE OF RAT
OLFACTORY BULB. M,C OlianasA H, Hamm2 M P. Pnali1 ,

Dept. of Neurosciences, University of Cagliari, It^ly
Physiol, and Biophys., Univ. of Chicago, IL 60680^

1 and Dept.

In membranes of rat olfactory bulb activation of muscarinic
receptors enhances basal and neurotransmitter-stimulated adenylyl
cyclase activities but inhibits Ca2+/calmodulin and forskolin (f SK)
stimulations of the enzyme. In the present study we show that this
bimodal control of cyclic AMP formation can be reproduced by the G
protein Py subunits. Thus, incubation of olfactory bulb membranes
with the Py subunits of transducin elicited a concentration-dependent
increase of basal adenylyl cyclase activity with an EC5O of about 100
nM. The Py stimulatory effect was not additive with that produced by
maximal activation of muscarinic receptors. Moreover, as observed
with muscarinic receptor agonists, the Py subunits significantly

potentiated the stimulation of cyclic AMP . formation by vasoactive
intestinal peptide and inhibited the adenylyl cyclase activity stimulated
by FSK with an IC5O of about 40 nM. These data support the idea that
in rat olfactory bulb muscarinic receptors exert a bimodal control on
cyclic AMP formation by promoting the release of G protein Py
subunits which then differentially affect the various molecular forms of
ad^^^lyl cyclase.
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In the absence of ligands, G-protein coupled receptors
interconvert between active and inactive conformations. These
conformations are stabilized by agonists and antagonists, respectively.
Like agonists, G-proteins are thought to preferentially associate with
receptors in the active conformation and should therefore be able to
promote their formation in the absence of agonist. We show that
overexpression of Goq , but not Gai 2 induces constitutive activation of
compatible (ml, m3, and m5 but not m2) muscarinic receptors and this
activity is blocked by muscarinic antagonists. Gq also increases the
potency and efficacy of agonists. The phenotypes of receptors
activated by G-proteins are very similar to the phenotypes of
mutationally activated receptors. These results indicate that regulation
of G-protein levels has a profound impact on receptor control of
cellular physiology, even in the absence of agonist ligands.
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803.2

HYDROGEN PEROXIDE AND HYDROXYL RADICAL, BUT NOT
SUPEROXIDE, PROMOTE A CONCENTRATION-DEPENDENT
INHIBITION OF GLUTAMATE UPTAKE BY ASTROCYTES. O^Sorg
and F.E. Bloom* Department of Neuropharmacology, The Scripps

Research Institute, La Jolla, CA 92037.
Glutamate uptake (Glu up) by astrocytes is a very important function
which prevents the potential neurotoxicity of this neurotransmitter
after its release by neurons. Recently, Volterra et al. showed that
H2O2 induced an inhibition of Glu-up by primary astrocytes in cultures.
Using the same model, we tried to define the role of three main
reactive oxygen species in Glu up inhibition, as well as the efficiency of
endogenous protection mechanisms. H2O2 promotes an inhibition of Glu
up in a concentration-dependent manner. O2-, by itself, has no effect,
suggesting that the reactive species in the xanthine/xanthine oxidase
system is a combination of H2O2 and OH radical produced by the
Haber-WeiC reaction. The Glu up inhibitory effect of H2O2 is
potentiated by adding CuSO4 and ascorbate - a condition known to
produce OH radical - or N-ethylmaleimide. The latter compound could
act as a thiol-modifier group of the glutamate transporter and/or as a
glutathione peroxidase I inhibitor; these possibilities are under
investigation. (Supported by MH 47680).

INCREASED GLUTAMATE UPTAKE BY GLIAL CELLS DURING
ATP DEPLETION IN HIPPOCAMPAL SLICES. J.E. MadJ*. Department
of Anatomy & Neurobiology, CSU, Ft. Collins, CO 80523.
Diverse metabolic insults can cause neuronal damage via the release of
excitatory amino acids (EAAs), including glutamate (Glu). Severe ATP
depletion releases EAAs by reversal of cotransporters that normally act to
clear the synapse of transmitter EAAs. However, many metabolic insults
produce only mild to moderate ATP depletion. Therefore, the effects of
moderate ATP depletion on EAA uptake were determined. Uptake of the
EAA analog D,L threo-b-hydroxyaspartate (OH-Asp) was used as an
indicator of Glu uptake. OH-Asp uptake and the ATP content of rat
hippocampal slices were measured by HPLC. Moderate ATP depletion (80%
> ATP > 40% of control) increased uptake of OH-Asp. In contrast, more
severe ATP depletion (ATP<40% of control) decreased OH-Asp uptake and
increased release of endogenous Glu, suggesting reversal of cotransporters.
Selective depletion of ATP from glia using fluoroacetate and fluorocitrate
resulted in a similar increase in uptake of OH-Asp, suggesting that much of
the increased uptake occurred in glial cells. Immunocytochemical localization
of Glu in metabolically insulted slices indicated that Glu was decreased in
nerve terminal-like puncta and increased in cells with glial-like morphology,
suggesting that glial cells accumulate EAAs released by neurons. Increasing
extracellular phosphate blocked the increased uptake of EAAs, suggesting that
the increases of intracellular phosphate induced by ATP depletion may
increase the phosphate gradient and potentiate EAA uptake. The increased
uptake of EAAs during mild to moderate ATP depletion suggests that during
many moderate insults, such as partial ischemia, a decrease in extracellular
Glu might contribute to loss of CNS function.

803.3

803.4

GLUTAMATE UPTAKE BY HIPPOCAMPAL ASTROCYTES IS
INHIBITED BY FERROUS CHLORIDE. J, H. Pizzonia*. E. O’Conner
and D. L. Kraemer. Dept, of Surgery, (Neurosurgery), Yale
University School of Medicine, New Haven, CT. 06520
Iron-complexed to blood breakdown products has been
implicated in the pathogenesis of stroke and reperfusion
injury, trauma and epilepsy. Excessive accumulation of iron
during aging has also been implicated in several
neurodegenerative diseases. We hypothesized that iron may
affect neuronal injury by inhibiting glutamate transport
mechanisms. As astroglial regulation of glutamate is primarily
responsible for modulated synaptic glutamate activity, we
examined the effect of iron on glutamate uptake and efflux in
astrocytes. Hippocampal astrocytes were prepared from
neonatal rats and preincubated in HEPES buffer containing 50
gM ferrous chloride for 30 minutes before the addition of 3Hglutamate. Uptake was determined from 2-60 minutes and total
radioactivity determined from cell lysates. Ferrous chloride
decreased glutamate uptake by 50% at 10 minutes (n=4, p<.05),
and by 70% after 60 minutes (n=4, p<.001) compared to control
cells incubated in HEPES buffer without iron. In separate
experiments the rate of 3H-glutamate efflux was not changed
by addition of 50 gM ferrous chloride. Preincubation with the
calcium channel blocker, lanthanum chloride, (1 gM) did
prevent inhibition of 3H-glutamate uptake by 50 gM ferrous
chloride. We conclude that iron inhibits glutamate uptake into
astrocytes and thereby may induce neurotoxicity by a
mechanism independent of transmembrane calcium influx.

EXCITOTOXICITY BY
TRANSPORTER-MEDIATED
GLUTAMATE EFFLUX FROM NEURONS AND GLIA IN NONISCHEMIC CONDITIONS a Volterra*, P.Bezzi. B. Lodi Rizzini. D. Trotti

& G. Racagni Ctr Neuropharmacol, Inst Pharmacol Sci, Univ Milan, 20133, Italy
Uptake in neurons and astrocytes by distinct transporter subtypes keeps low (< 1
pM) extracellular glutamate concentration ([GLU]0) with crucial implications for
excitatory synaptic transmission. In ischemia, loss of the physiological ion gradients
causes transporters to function in reversed mode pumping out GLU up to neurotoxic
levels. We have reported that addition of a competitive GLU uptake inhibitor, tpyrrolidine-2,4-dicarboxylate (PDC, 200 pM, 30’ in normal salt buffer with 1 mM
Mg++) to cortical neuroglial co-cultures, induces rapid increase of cell-released
[GLU]o (from 1 to 5 pM) and, as a consequence, delayed (1 day) neurotoxicity
(Volterra et al., S«cNeurosci.Abs.2O:271,1994). Toxicity is prevented by the
NMDA-antagonist APV (100 pM) and attenuated (40-60%) by AMPA/kainate
(CNQX, 10 pM) and metabotropic (MCPG, 500 pM) blockers. Surprisingly, both
[GLUJo increase and neurotoxicity with PDC are largely (70%) unaffected by 1 pM
TTX, despite that TTX abolishes excitatory synaptic activity in the culture, as
recorded by whole-cell current-clamped neurons. However, in the presence of TTX,
we observe GLU release from astrocytes of sister glial cultures in response to PDC
(200 pM, 30’), an effect abolished by replacement of Na\> with Li + . Moreover,
Li+ substitution reduces by >80% the TTX-insensitive component of [GLUE
increase observed in co-cultures. Therefore, our data indicate that: (1) transportermediated (Li+-sensitive) GLU efflux from both glia and neurons, in addition to
reduced reuptake of synaptically released GLU, accounts for PDC-induced [GLUE
rise and neurotoxicity; (2) reversed GLU transport function can be activated even
under normal, non-ischemic conditions (e.g. via heteroexchange) with direct
neuroexcitotoxic consequences.

803.5

803.6

HUMAN NERVE TISSUE-SPECIFIC GLUTAMATE DEHYDROGENASE
ADAPTED TO FUNCTION UNDER LOW ENERGY STATES AND
INCREASED GLUTAMATE RELEASE. P. Shashidharan*. Donald D. Clarke1,

REGULATION AND PATHOLOGY OF KYNURENINE PATHWAY
METABOLISM IN RAT BRAIN. J. Luthman*. Eva Vanerman. GOran
FrgdritesQQ,and Podd FomstSdt-WallML Astra Arcus AB, SOdertalje, Sweden.
The kynurenine pathway, which is the principal route of hepatic L-tryptophan
(TRY) metabolism, also appears to play an important role in brain function. A
kynurenine pathway metabolite of particular interest in this regard is quinolinic acid
(QUIN), which acts as a NMDA receptor agonist and excitotoxin. Endogenous QUIN
and its biosynthetic enzyme 3-hydroxyanthranilic acid dioxygenase (3-HAO) occur in
the brain and QUIN levels have been shown to increase in various neurodegenerative
processes. In cultures of rat brain tissue, exposure to QUIN and the precursor 3hydroxyanthranilic acid (3-HANA) produce neuronal loss. Furthermore, administration'
of QUIN or the precursor in vivo to rats leads to cerebral damage. However, the
knowledge about the relative contribution of peripheral and central kynurenine
pathway enzymes in the in vivo regulation of cerebral QUIN is limited. In SpragueDawley rats, intracerebroventricular (i.e.v.) administration of 3-HANA, but not other
precursors of QUIN, induced a major increase in hippocampal QUIN, that was
saturable at high doses and peaked at 2h after administration. Co-administration with a
3-HAO inhibitor blocked the 3-HANA-induced increase in QUIN. Systemic
administration of tryptophan, 3-HANA and QUIN itself increased cerebral QUIN,
while much smaller effects were seen after administration of L-kynurenine and 3hydroxykynurenine. Systemic, but not i.c.v., administration of the 3-HAO inhibitor
partially counteracted the increase of cerebral QUIN after systemic TRY or 3-HANA.
However, in animals with brain damage, such as ischemia and neurotoxin-induced
lesions, i.c.v. administration of the inhibitor decreased cerebral QUIN. This indicates
that, although cerebral QUIN levels are regulated by the availability of precursors in
the periphery, cerebral synthesis plays a significant role when central QUIN levels are
enhanced under pathological conditions.

and Andreas Plaitakis. Department of Neurology, Mount Sinai School of
Medicine, One Gustave L Levy Place, New York, N.Y., 10029, ’Dept. of
Chemistry, Fordham University, Bronx, New York.
Human glutamate dehydrogenase (GDH) exists in nerve tissue-specific and
housekeeping isoforms encoded by distinct genes. We have obtained both these
proteins in pure form by expressing the corresponding cDNAs in Sf9 cells using
the baculovirus expression system. The specific expression of each GDH
isoproteins by the corresponding cell lines was verified by the N-terminal amino
acid sequencing. Heat inactivation studies revealed that the nerve-tissue specific
GDH was heat-labile and die housekeeping enzyme heat stable. In die absence
of allosteric effectors, die two isoenzymes differed markedly in their ability to
interconvert glutamate to a-ketoglutarate. The nerve-specific enzyme was largely
inactive whereas the housekeeping GDH showed 40-50% of its maximal activity.
ADP induced a concentration-dependent (10-1,000 pM) activation that was
proportionally greater (200 - 6,000%) for the nerve tissue-specific than die
housekeeping GDH (50-260%). GTP, known to be present in brain at relatively
high levels, inhibited the housekeeping GDH but had litde effect on the nerve
tissue-specific enzyme. Since GDH is highly concentrated in synaptic astrocytes
where it is involved in transmitter glutamate metabolism, these allosteric
properties evidently represent an adaptation enabling the brain-specific GDH to
oxidize increased loadk of transmitter glutamate upon extensive hydrolysis of

ATP to ADP that may occur in energy failure and/or increased glutamate release.
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INTRACEREBRAL GLUTAMATE AND CEREBRAL BLOOD
FLOW DURING CHRONIC HYPOXEMIA IN THE NEAR-TERM
OVINE FETUS

Basal Glu efflux was 102 ± 64 ng/ml and basal CBF was 227 ± 61 ml/100 g •
min. In 3 of 4 experimental animals there was an increase in CBF and Glu
efflux in the PSPC while in 1 experimental animal and both controls the CBF
and Glu were unchanged. All fetuses experienced an increase in Glu efflux
post mortem.
In this preliminary study, ovine fetuses responding to hypoxemia byincreasing CBF also show an increase in PSPC Glu efflux. Glu did not
increase in animals that failed to show an increase in CBF;
Reference: Penning et al Anesthesiol.82 (1995), p 521-30
Supported by NINDS 1R01NS34457-01 and Carver Clinician Scientist Award

LONG-TERM CHANGES IN BRAIN FOLLOWING CONTINUOUS
PHENCYCLIDINE ADMINISTRATION: STUDIES USING 2-FDG,
FLUNITRAZEPAM, KETANSERIN, MAZINDOL, QNB, AND LIGANDS
FOR AMPA AND PCP RECEPTORS. G. D. Ellison* and A,
KEYS. Department of Psychology, UCLA, 405 Hilgard
Ave., Los Angeles, CA 90024
When given continuously for several days, NMDA
antagonists such as phencyclidine (PCP) and
dizocilpine (MK-801) induce neural degeneration in a
variety of limbic structures such as retrosplenial
cortex (RSCx), entorhinal cortex (ENTCx), dentate of
hippocampus (DEN), and olfactory regions. This has
been demonstrated using a variety of measures,
including silver-stains. Further autoradiographic
studies were conducted in animals at both 24 hours and
21 days after binge PCP administration using 2-FDG and
a variety of receptor ligands.
24 hours after pellet removal there were still
large increases in glucose uptake in these same limbic
structures, and many of these regions were still
present after 21 days of recovery. These alterations
were accompanied by decreased flunitrazepam but
increased mazindol binding in many of these same
limbic regions. QNB and AMPA binding was decreased
but TCP binding increased in many brain regions,
including striatum. These studies may indicate an
anatomical substrate for the persisting psychoses
which sometimes occur following PCP.

803.9

803.10

J, Henderson. D. Penning*. J. Reynolds and F. Dexter
Dept. of Obstetrics and Gynecology and Dept. of Anesthesiology
University of Iowa College of Medicine, Iowa City, Iowa.

Using chronic in utero microdialysis (ref.), we examined the relationship
between change in cerebral blood flow (CBF) and glutamate (Glu) efflux from
the parasaggital parietal cortex (PSPC) in the near term ovine fetus during
chronic fetal hypoxemia.
Six near-term ovine fetuses (2 control, 4 experimental) were chronically
instrumented with vascular catheters and a microdialysis probe inserted in the
PSPC. An adjustable vascular occluder was placed around the common
uterine artery. After a 3 day recovery and a 24 hour probe equilibration period
the vascular occluder was tightened in experimental animals to reduce the
fetal O2 saturation by 50% for a 24 hour period without progressive metabolic
acidemia. Fetal CBF was determined by injection of radiolabelled microspheres at 0, 8,16 and 24 hours . Microdialysate samples were collected at
28 minute intervals and the concentration of Glu determined by HPLC.

HIPPOCAMPAL EXCITATION AND TOXICITY PRODUCED IN VIVO BY
DOMOIC ACID. P.M. Gross*,MM. Polischuk,2 D.S. Wainman1. & D.F. Weaver”

Depts. 'Surgery (Neurosurgery), ’Anatomy & Cell Biology, ’Chemistry, 4Medicine (Neurology),
& ’Physiology, Queen’s Univ. and Kingston Gen. Hospital, Kingston, Ont., Canada K7L 3N6.

Excitotoxic processes are implicated in many conditions of neuronal damage,
including Alzheimer’s and Huntington’s disease, epilepsy, traumatic head injury, and
stroke. Domoic acid (DOM), a glutamate analog from seaweed that contaminates
shellfish, is a potent neurotoxin that putatively stimulates glutamate AMPA/kainate
receptors (T.M. Polischuk and R.D. Andrew, this meeting). Microinjection of DOM
(25-100 pmol) into the lateral cerebral ventricle of conscious rats produced convulsive
signs such as tonic tail and forelimb extension, forepaw flexion, exophthalmos,
hypoactivity (unresponsiveness), and hyperventilation. Within 5-20 min, DOM evoked
increases in mean arterial pressure, plasma glucose levels, and heart rate. Using the
quantitative autoradiographic [14C]deoxyglucose technique to measure rates of tissue
glucose metabolism, we determined, the neuroexcitatory responses of various brain
regions to DOM at 4 doses: 100, 50, 25, and 0 pmol. Subregions of the hippocampal
formation, ipsilateral (but not contralateral) to the injection site, had dose-dependent,
elevated rates of glucose metabolism, including Ammon’s horn (+68% in CA1, +130%
in CA2, and +194% in CA3), dentate gyrus (+46%), and the fimbria (+49%) (mean
responses to 100 pmol DOM are shown). Upon histological inspection by light
microscopy, we found that neurons in the pyramidal layer of CA3 ipsilateral to
injection were hyperchromatic, irregularly shaped, and surrounded by enlarged
extracellular spaces. These findings are pathological signs consistent with excitotoxic
cell damage. The caudate, lateral septal, and septofimbrial nuclei also displayed
substantial metabolic stimulation near the injection site (>100% increase in ipsilateral
metabolic rate). Together, the metabolic and histological results reveal that DOM is
a potent, dose-dependent neuroexcitant and toxin in die intact brain.

DIFFERENTIAL SUSCEPTIBILITY TO DOMOIC ACID INDUCED
TOXICITY IN THE DEVELOPING RAT: A BEHAVIOURAL STUDY. S.M.
Strain. G.V. Allen* and R.A.R. Tasker*. Dept. Anat. & Physiol., Atlantic
Vet. College, UPEI, Charlottetown, PEI, C1A 4P3 and “Dept. Anat. &
Neurobiology, Dalhousie Univ, Halifax, NS B3H 4H7, Canada
Domoic acid (DOM) is an excitatory amino acid that has been identified
as a potent neurotoxin in both people and experimental animals. The
effects of DOM in the mature brain have been well documented but little
information is available concerning its action in the immature brain. This
study was designed to assess the toxic effects of systemically
administered domoic acid in developing male and female SpragueDawley rats. Intraperitoneal injections of five doses (n=6 for each) of
domoic acid or saline were administered on postnatal days 0, 5.14, 22,
30 (0 and 50 (m). Dosages ranged from (0.05 - 2.0 mg/kg) depending
on the developmental age. Each animal's behaviour was recorded each
minute for 120 minutes post injection using a 3 point scale of increasing
severity. Dose response curves as a function of age were generated
and statistically compared for parallelism and potency. Prior to weaning
pups were found to be significantly more susceptible to domoate
induced toxicity, as indicated by both increased potency and the
occurrence of convulsive behaviours involving both fore and hind limbs.
Post-weaning the more classic limbic seizure was observed and was
characterized by the occurrence of forelimb tremors in a reared position
and masticatory movements. Data indicate that susceptibility to domoic
acid toxicity in the developing rat may be dependent upon establishment
and maturation of limbic system circuitry.

Supported by the Canadian MRC
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Neuropathology of Subchronic Oral Administration of Domoic Acid (DA) in
the Rat. O.Pulldo*:R.Mueller;J.Truelove:F.lverson:P.Rowsell and M.Buiaki.
Pathology Section, Toxicology Research Div., Bur. of Chemical Safety;
Food Dir., HPB. Ottawa, Ont., Can. K1A OL2.
Amnesic shellfish poisoning (ASP) is caused by eating shellfish containing
elevated levels of DA. This study aimed at determining the effect of
repeated consumption of DA. Male and female Sprague-Dawley rats were
dosed by gavage for 64 days with 0, 0.1 or 5 mg/kg/day of DA. Treated
animals showed no clinical changes over the 64 days, including urinalysis,
haematology and serum chemistry. At the end of the study and under
anesthesia, rats were exanguinated and perfused with neutral buffered
formalin (NBF) or with 2% glutaraldehyde (GL): 2% paraformaldehyde (PF).
Tissues were then processed for light microscopy (LM) or for electron
microscopy (EM). LM results were unremarkable, including the area
postrema, hippocampus and retina which are considered target sites for DA
toxicity. Glial fibrillary acid protein (GFAP) and glutamate receptor
immunohistochemistry (GluR1-4) did not show visually detectable
difference between treated and control rats. EM of the CA3 field of the
hippocampus from the high dose (5mg/kg/day) group revealed neuronal
damage: cytoplasmic vacuolation, neuronal shrinkage, dilatation of dendritic
and astrocytic processes and formation of electron dense profiles. This
dose was equivalent to the estimated maximum human dose during the
Canadian ASP incident in 1987 and is seven times less than that required
to cause overt clinical signs in the rat. No significant changes were
observed at the dose of 0.1 mg/kg, estimated as the dose resulting from
the consumption of one 250 mg portion of mussel meat containing the
present limit for DA of 2Oug/g of shellfish meat.

SERUM CLEARANCE OF DOMOIC ACID IS
FOLLOWING MULTIPLE EXPOSURES IN MICE.
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Y.G. Peng. H.F. Martin* and J.S. Ramsdell. Marine Biotoxins Program,
National Marine Fisheries Service and Marine Biomedical & Environ.
Sciences, Medical University of South Carolina, Charleston, SC 29412.
Domoic acid (DA), a tricarboxylic amino acid, is a rigid analogue of
the neurotransmitter L-glutamate and has been demonstrated to be an
environmental neurotoxin to humans. Previous studies in rodents and
primates indicate that DA is cleared from serum within four hours
after a single dose. In the present study, we have determined the
concentration of DA in serum after single or multiple dose exposure and
correlated this with stereotypic neurological effects in mice. Mice
were intraperitoneally administered 2.0 mg/kg DA either in multiple
doses (every other day i.p. for 4 times in 7 days) or a single dose on the
same day of the last multiple exposure dose. DA levels were monitored
as serum concentration and measured at 60 min and 120 min using the
DA radioreceptor assay. Serum DA levels did not differ at 60 min in
single (0.59 ± 0.04 pg/ ml) and multiple (0.50 ±. 0.05 pg/ml n= 8)
exposures, or at 120 min (single 0.124 ±. 0.005 pg/ml, multiple

0.123 ± 0.004 pg/ml, respectively n= 7). The onset of stereotypic
neurological effects in the form of scratching was also similar in each
group (20.2 ± 0.5 min & 22.4 ± 1.1 min, respectively) although the
duration of scratching lasted longer in mice with a single dose (30-45
min) than those with multiple exposure (20-35 min). Convulsive
behavior, evident with a single 2.0 mg/kg dose, was not observed after
the second dose in the multiple exposure group. This study indicates
that multiple exposures of DA to mice does not alter DA clearance from
the serum and does not appear to lead to a more neurotoxic response.
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DISTRIBUTION of GABAa RECEPTOR al-SUBUNIT POLYPEPTIDES
IN THE GUINEA PIG HIPPOCAMPUS. E . M. Barnes, Jr.*, M .E. Diaz, L.V.
Colom, J.D. Miranda, B.J. Baumgartner, and M.H.J. Tehrani, Depts. of
Neurology and Biochemistry and Div. of Neuroscience, Baylor Col. of Med.,
Houston, TX 77030.
In order to conduct a histochemical examination of GABAa receptors in
various brain tissues, we have prepared polyclonal antibodies against a
selective intracellular loop region of the al subunit. The chick GABAa
receptor al(331-381) subunit sequence was expressed as a fusion protein
containing a hexahistidyl leader peptide, purified by Ni2+-affinity

ANTIBODIES TO THE 3lSUBUNITS OF GABA. RECEPTORS.

chromatography, and used for rabbit immunizations. The corresponding alsubunit antiserum immunoprecipitated 66% of 3H-flunitrazepam binding to

extracts from guinea pig hippocampus and reacted with a single 50-kDa
polypeptide on Western blots. The strong cross-species reactivity was
expected from the 88% sequence identity in the al(33^^l381) region between
chicken and rodents. The pattern of immunoreactivity on 50 pm sections of
guinea pig hippocampus was examined using rhodamine-labeled anti-rabbit
IgG and confocal laser microscopy. Immunofluorescent labeling of GABAa
receptor al subunits was observed on pyramidal cells and putative
intemeurons in the CA1 and CA3 regions. The al subunit was located in the
soma and apical dendrites of pyramidal cells. This distribution was similar for
the both the CA1 and CA3 layers. Putative intemeurons of the stratum oriens,
pyramidale, and radiatum also showed immunoreactivity of al subunits.
Supported by DK17436, MH47715, GM14156, and NS 11535 from NIH.

Ming Li* and Angel L. De Bias. Div. Mol. Biol, and Biochem.,
School of Biological Sciences, University of Missouri-Kansas City,
Kansas City, MO 64110-2499.
Antisera to the 3i» 32 and 33 subunits of rat GABAa receptor
have been made by immunizing rabbits with either synthetic peptides
or bacterial fusion proteins. The peptides corresponded to amino acid
residues 382-393, 382-393 and 380-391 of the rat B„ 32, and 33
subunits respectively. The large intracellular loop (IL) located between
the putative transmembrane domains M3 and M4 of the rat 3,, 32o 3 3 were expressed as staphylococcal protein A fusion proteins. The
antisera specifically reacted with the corresponding peptide or IL fusion
protein in ELISA. The antibodies immunoprecipitated the solubilized
GABAA/Benzodiazepine receptors from rat brain.
Quantitative
immunoprecipitation showed tnat in the rat cerebral cortex 3 2 is the
most abundant of the 3 subunits whereas in the hippocampus the most
abundant is 33. Immunoprecipitation studies in several brain regions
showed a good correlation between the relative abundance of 3,, B2, and
3 3 peptides and mRNA expression. The antibodies were affinitypurified on immobilized peptide or IL protein. The latter was purified
after controlled protease cleavage of the fusion protein. The affinitypurified antibodies are being used for receptor characterization by
immunoblotting and immunocytochemistry.
Supported by Grant NS 17708 from NINDS and a Postdoctoral
Fellowship from Scientific Education Partnership of Kansas City to
M.L.
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DISTRIBUTION OF GABAA/BENZODIAZEPINE-RECEPTORS IN
THE BRAIN OF GOLDFISH (CARASS1US AURATUS) AND

SALMON (SALMO SALAR). M. Anzelms*. B. I. Holmqvist and
P. Etetrom. Dept. of Zrxdoiog Uninersity of Lund, Sweden.
The antibody bd-17 was used for immunocytochemical detection of
GABAo/benzodiazepine receptor fi2/^3-subunits (bd-l7ir) in the brain
of the goldfish. The relative density and regional distribution of bdl7ir were analysed by computerized image analysis and were compared
with our previous results from the salmon. In the goldfish bd-l7ir is
mostly found as a diffuse labelling of circumscribed areas corresponding
with cytoarchitectonally defined "nuclei". Strong labelling is located
in the telencephalon, pretectum, optic tectum, hypothalamus and torus
semicircularis. Several nuclei of the hypothalamus and posterior
tuberculum ' show strong labelling (e.g. the preglomerular nuclei, n.
anterior tuberis, n. posterior tuberis, lobi inferiores). The stratum
periventriculare, stratum griseum centrale and stratum fibrosum et
griseum superficiale of the optic tectum display bd-l7ir. Perikaryal
labelling was observed in the torus longitudinalis and in the granular
layer of different subdivisions of the cerebellum. In the brain stem the
central grey is strongly immuno^a^^. The bd-l7ir in the goldfish
brain is in general similar to that found in the salmon, but in the
goldfish labelling generally correlates better with cytoarchitectonic
entities, particularly in the hypothalamus and posterior tuberculum.
The labelling in the central grey is not present in the salmon brain.

IMMUNOCYTOCHEMISTRY OF A NOVEL GABA
RECEPTOR SUBUNIT

K. Arorsteini S. Sfclson* & R . H . ff^ersh-ConsUmt. E)epsrtmenSs of
Neuroscience and Entomology, University of Wisconsin-Madison,
Madison, Wisconsin 53706
Following our recent cloning of a novel y-aminobutyric acid
(GABA) receptor subunit gene Resistance to dieldrin or Rdl from the
cyc^iene resistance locus in Drosophila melanogaster, we were interested
in defining its pattern of expression during development. Here we report
the raising of an anti-Rdl polyclonal antibody that recognizes a single
protein of the expected 65 kDa size in immunoblots of Drosophila head
homogenates. In situ hybridization using Rdl cDNA probes and the anti-Rdl
antibody shows that Rdl message and protein are expressed globally in the
developing central nervous system (CNS) of 15-17 hr embryos. No
message can be observed on or before 12-13 hr. Interestingly, despite the
use of GABA in both the peripheral and CNS of insects, Rdl GABA
receptor subunits appear to be confined to the CNS. Detailed
immunocytochemistry of Drosophila brain sections showed particularly
strong anti-Rdl antibody staining in the optic lobes, ellipsoid body, fan
shaped body, ventrolateral protocerebrum and the glomeruli of the antennal
lobes. Results are compared with the distribution of staining observed in
the insect CNS with antibodies against GABA itself, nonaptotagmin (a
synaptic vesicle protein) and a second Drosophila subunit which appears to
be a homolog of the vertebrate GABAa receptor 3 subclass^

804.5

804.6

FUNCTIONAL COMPARTMENTALIZATION OF GABAa -RECEPTOR
SUBTYPES IN THE RAT SPINAL CORD. H. Mohler*. J.M? Fritschv. and
S. Bohhalter. In^tit^^e of PPrnanmology, Universkyof Zurich, CH-8057
Zurich, Switzerland.
To assess the significance of the structural heterogeneity of GABAAreceptors, we analyzed immunohistochemically the subunit composition and
cellular localization of GABAA-receptor subtypes in the rat spinal cord. The
regional distribution of the subunits al, a2, a3, a5, 32,3, and y2 was
investigated with subunit-specific antibodies, and their co-localization within
individual neurons visualized by double-immunofluorescence staining. The
results reveal a widespread and almost ubiquitous expression of the subunits
a3, 32,3, and y2 in the spinal cord, suggesting that most receptors comprise
the subunit triplet ax/px/y2, which forms functional receptors amenable to
benzodiazepine modulation.
An "atypical" GABAA-receptor subtype,
containing the subunits a2/y2 only, was detected in preganglionic and
somatic motoneurons. Further heterogeneity arose from die differential,
lamina-specific distribution of the subunits al and o 5 in layers III-VIII.
Thus, in lamina in, most neurons contained either the subunit al and/or a5,
along with 32,3 and y2. In laminae IV-V, the most frequent a-subunit was
al, whereas in laminae VII-VIII, the subunit a5 predominated (along with
the subunits a3/32,3/y2). However, the a3- and a5-subunits were located to
distinct cells. Hot-spots of immunoreactivity, suggestive of a postsynaptic
localization of GABAA-receptors, were seen frequently on neuronal somatic
and dendritic membranes. In addition, an intense and diffuse staining was
observed for the subunits o 2/o 3/32,3/Y2 in laminae I-III, localized
presumably on primary afferent terminals. These results demonstrate the
existence of different GABAA-receptor subtypes in distinct compartments of
the spinal cord, suggesting mat GABAA-receptor heterogeneity may be of
relevance for the modulation of sensory inputs, nociception, and motor
control at segmental levels.

DIFFERENTIAL DISTRIBUTION of GABAa RECEPTOR SUBUNITS IN
THE RAT INFRALIMBIC CORTEX: RELEVANCE TO NOVEL ANTIPSYCHOTIC DRUG TREATMENT. E.Dunn*, J.M.Fritschvl D.B.Carter and K.M.
Merchant, CNS Diseases Research, The Upjohn Company, Kalamazoo, Ml
49001 and 'Institute of Pharmacology, Univ. of Zurich.
The prefrontal cortex has been implicated in manifestation of negative
symptoms and cognitive deficits in schizophrenic patients. Several studies
of postmortem human tissue indicate that there is a loss of GABAergic
intemeurons and an increase in GABAa receptor binding in the prefrontal
cortical regions of schizophrenics. These data suggest that disturbances in
GABAergic neurotransmission in limbic cortex of schizophrenic patients may
contribute to the pathophysiology of schizophrenia, and that specific GABAergic agents may be therapeutically useful. To evaluate this possibility, we
have performed a detailed analysis of distribution of GABAa receptor subunits in the rat medial prefrontal cortex (infralimbic, IL, region). Mapping of
a1f a.,. Oj , Og and p2+3 subunits was carried out by immunocytochemistry
with previously characterized, subunit-specific antibodies. The a, and p2+3
subunit antibodies immunostained all layers (I, II, III, V, and VI) of the IL
cortex, with layers II and III displaying what appeared to be small interneurons. In contrast, a,,, o . and of-like immunoreactivity was restricted to
a single layer of the IL region; layer I displayed labelling for og and layer VI
for ct- and Os subunits. Both og and og antibodies immunostained large cell
bodies, resembling pyramidal cells, which appeared to be restricted to layer
Vlb for the og subunit. Such studies may help design pharmacological
agents with subunit selectivity to modulate GABA neurotransmission in a
regionally-selective manner.
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tractus
solitarius

.
K. Terai
2 Toovamam*. H. Kimura^and P. L. McGeer1.
1: Kinsmen Ldb. af Nraral. Res., Univ. af British Columbia, Vancouver, B.C.,
C*n*Pd, V6O 1Z3. 2: Inst, af Mal. Nearabial., Shiga Univ. af MeP. Sci., Otsa,
Shiga, Japan.
GABA, an inhibitary nearatransmitter, plays an impartant rale in the
nucleus tractas solitarius (NTS). The nacleas is assaciateP with taste sensatian,
general visceral inpat and regalatian af the autanamic nervaas system. Previaas
immanahistachemical studies have PemanstrateP that GABA-pasitive terminals
and nearanal somata are richly distributed in the NTS.
In this study, we examined the immanahistachemicdl localization af
GABAa receptars in the rat NTS using a manaclanal antibody against the bsabanit. The pattern af distribatian was campared with that af presynaptic
GABA terminals. Immanareactivity far GABAa receptars was confined ta the
surface af nearanal samata and pracesses. These pasitive structures were
distributed mainly in the rastral part af the NTS, where GABA terminals were
alsa abundant. In the intermediate and caudal parts af the NTS, hawever,
pasitive staining far GABAa receptars was located in the ventrolateral part af the
NTS, particularly in the ventralateral sabnacleas. In these regians, GABApasitive terminals were rather sparse. In additian, few if any cells pasitive far
GABAa receptars were seen in the medial part af the NTS, including the medial
sabnucleas where GABA-pasitive terminals were dense. The results clearly
indicate that GABA nearans probably act in the rastral NTS via GABAa receptars bat that their actians in the intermediate and caudal parts af the NTS appear
ta be mediated by receptars that are nat detected by the manaclanal antibady
used.

Ba2+-SENSIT1^VTTV OF MONOSYNAPTIC AND 4-AP-INDUCED GABAb IPSPs
IN CA1 PYRAMIDAL CELLS OF RAT HIPPOCAMPAL SLICES. T.M. Pham*
and J.-C. Lacaille. Center far Research in NeurolGgicdl Sciences and Department af
Physiology, University af Montreal, Montreal, Qc, Canada H3C 3J7.
GABAb receptars in hippacampal pyramidal cells may be caapled ta heterogeneous
K+ conductances that are differentially sensitive ta Ba2+. The aim af this study was ta
examine with intracellular recordings the effects af barium an GABAB-mePidteP
inhibitary postsynaptic potentials (IPSPs), phdrmacalGgically isolated in the presence
af Gaba *, NMDA and non-NMDA receptar antagonists, in canventianal rat
hippacampal slices. In a first series af experiments, mGnGsyndptic GABAb IPSPs were
evoked by stimulation af GABA fibers/cells in str. radiatum, lacunasum-moleculare ar
oriens. These IPSPs displayed the following characteristics (mean ± sem): amplitude
-5.4±O.5 mV, peak latency l5O±22 ms, and . recavery time 386±37 ms (n=l5). The Ere,
af these IPSPs was -9l.6±2.2 mV (n=l2). Bath application af ImM B*2+ completely
suppressed monosynaptic GABAb IPSPs ta -35.9±16.0% af control amplitude (n=l2;
p<.001). B*2+ effects were reversible upon washout (42.0±19.4% af control amplitude;
n=4). In a second series af experiments, spantaneaus GABAb IPSPs were induced by
bath application af 100 pM 4-dminapyriPine (4-AP). Spantaneaus 4-AP induced
GABAb IPSPs had the fallawing properties: amplitude -8.l±O.6 mV, rise time 2I5±2O
ms, recavery time 1.8±O.4 s (n=O). Their E^,was -lO7.2±3.6 mV (n=7). Synchronized
GABAb IPSPs were pragressively abolished by bath applicatian af Ba2+ (n=8).
Spantaneaus GABAb IPSPs recovered after washaut af Ba2+ (64.8±5.4% af cantral
amplitude, n=7). These results indicate that GABAb IPSPs , either evoked
manasynaptically ar synchronously induced in 4-AP, were mediated by K+
conductances sensitive ta B*2+. Thus, synaptically released GABA may nat activate
postsynaptic GABAb receptars linked ta Bd2+-insensitive K+ conductances.
[Supported by the MRC, FRSQ, FCAR and Savoy Foundation]
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KINETIC PROPERTIES OF EVOKED MONOSYNAPTIC FAST
IPSCS IN NEOCORTICAL PYRAMIDAL CELLS. D.S.F. Ling 4 and
L.S. Benardv1^. Depts. of Pharma^GlGgy1 and NeurGlcgy2, SUNY-Health
Science Center, Brooklyn, NY 11203.
Previously, we examined the recruitment properties af fast IPSCs in
neGCGrticdl layer V pyramidal cells (PCs) and found that the magnitude

dual

af fast GABAergic inhibition is absolutely limited. Hawever, overall
inhibitary strength is alsa determined by IPSC kinetics. Far example, if

IPSC time decay is prolonged as a consequence af volume tran^m^^ssivn,
an increase in total charge transfer results. We have, therefore,
examined the kinetic properties af fast IPSCs using whale-cell techniques
ta record from layer V PCs in slices (4OOpm) af sGmdtGsensGry cortex

from young (P15-30) rats. Fast IPSCs were evoked with graded stimuli
applied ta layer V/VI. Cesium-gluconate electrode solutions were
employed ta black slaw GABAB-mePiateP IPSCs and excitatory synaptic
transmission was blacked with CPP and CNQX (lOpM). Isolated IPSCs
were best fit with an equation describing secGnP-GrPer dctivdtiGn and
single-exponential current decay. There was na apparent cGrreldtiGn
between IPSC kinetics and stimulus intensity. When IPSCs reached
maximal amplitude, further increases in stimulus intensity did nat cause
significant changes in either IPSC rise ar decay. The consequences af

these kinetic properties far limited fast inhibition and the underlying preand postsynaptic mechanisms will be discussed. (Supported by MH51677)
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Michael Pasternack*. Sergei Smirnov and Kai Kaila.
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neurones

Department af Biosciences, Division af Animal Physiology, University af Helsinki,
P.O.BOX 17, FIN-00014 Helsinki, Finland
We have studied the effect af extracellular H+ an the GABAa rrceptGr-mePidteP
chlGriPe conductance in acutely isolated pyramidal neuranes from the rat hippacampus
under whale-cell voltage clamp in HCOs'-free solutions. The conductance evoked by
saturating concentrations (500-1000 pM) af GABA showed a marked sensitivity ta
variations in external pH (pH) around 7.4. A rise in pH, between 6.4 and 8.4
decreased the canductance by abaut two-fold per pH unit. Hawever, when evoked by
Igw GABA concentrations (1-10 pM) the canductance shawed an equally marked
increase upan an increase in pH At an intermediate cGncentratiGn af GABA .(around
30 pM), the GABAa canductance was nat affected by external H. The concentrationresponse reldtiGnship was flat between 50-100 pM GABA, consistent with the presence
of at least two fanctiGndlly distinct GABAa receptors with different affinities. The
effect af pHa was best described as a CGmbindtiGn af two effects: i) a pGwnmGPuldtory
effect af IT seen as a parallel shift ta the right in the concentration-response curve af
the higher affinity GABA receptar, and ii) an upmadulatory effect af IT seen as a noncompetitive pGtentiatiGn af bath the higher and the tower affinity receptar populations.
Zn2+ (1-50 pM) inhibited in a concentration-dependent manner the canductance
induced by saturating GABA cGncentratiGns. In dPPitiGn, at pH 8.4 Zn2+ induced a
parallel pasitive shift in the GABA cGncentratiGn-respanse curve. In the presence af
Zn2+ the GABAa canductance was upmodulated by FT at bath high and Igw aganist
cancentratiGns. The above data implie a coexistence in these cells of two functionally
distinct GABAa receptor papulations with different affinities to GABA and different
sensitivities to H and Zn2+. The high sensitivity of GABAa receptors to FT suggests
that the efficacy of central inhibition depends on the regulation and modulation of
interstitial pH in the brain.
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GABAergic MODULATION OF NEURONS FROM THE HORIZONTAL LIMB
OF THE DIAGONAL BAND OF BROCA (hDBB) THAT PROJECT TO THE
HIPPOCAMPUS. J.C. Easaw*. B.S. Jassar, K.H. Harris and
J.H. Jhamandas. Department of Medicine (Neurology) and Division of
Neuroscience, University of Alberta, Edmonton, Alberta, Canada.
Anatomical data indicate reciprocal projections between the hDBB and
the hippocampus. GABA has been identified as a major transmitter in
these pathways, which have been implicated in the generation and
maintenance of the hippocampal theta rhythm. We have examined the
actions of GABA receptor agonists on acutely, dissociated rat hDBB
neurons using the whole-cell patch-clamp technique.
Fluoresceinlabelled latex microspheres were injected into the hippocampus to
retrogradely label cells in the hDBB. Three to four days later, cells were
acutely dissociated using enzymatic treatment and visualized under
fluorescent microscopy to identify the labelled neurons. Current-voltage
relationships of the labelled hDBB neurons were similar to those recorded
from unlabelled cells. Under voltage-clamp conditions, bath applied
muscimol (10pM), a GABAa receptor agonist, evoked a current that
reversed at -69 mV (n=4). Baclofen (10pM), a GABAb receptor agonist,
evoked no response (n=4). These results suggest that GABAergic
efferents modulate the activity of the hDBB neurons projecting to the
hippocampus through the GABAa receptor.

INHIBITORY POSTSYNAPTIC POTENTIALS IN RAT SUBICULAR BURSTING
NEURONS. D. Mattia*. H. Kawasaki and M. Avoli Montreal Neurological
Institute and Department of Neurology and Neurosurgery, McGill University,
MONTREAL, Canada H3A 2B4
Intracellular recordings from rat subicular bursting neurons (BNs, n = 35)
were made in an in vitro slice preparation to ■ evaluate the inhibitory
component of the response to single-shock extracellular stimuli delivered
in different portions of the CA1 subfield. Stimulation of the CA1 alveus
and CA1 stratum radiatum evoked a sequence of depolarizing-hyperpolarizing potentials in 17 BNs, whereas only a monophasic depolarization was
observed in 16 BNs. Stimuli applied either to the CA1 stratum pyramidale

Supported by the Medical Research Council of Canada, the H.M. Toupin
Foundation and Alberta Heritage Foundation of Medical Research.
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or stratum lacunosum-moleculare induced in the same cells (n = 2) a depolarizing potential and a depolarizing-hyperpolarizing sequence of potentials,
respectively. When varying the resting-membrane potential the stimulusinduced hyperpolarization behaved as expected for an inhibitory postsynaptic potential (IPSP), had a reversal potential of -81 ± 5 mV (n = 10) and was
associated with an increase in membrane conductance of 25 ± 14 nS
(n = 5). Shunt of the action potentials induced by prolonged depolarizing
current injection occurred when hyperpolarizing IPSPs were elicited by
concomitant synaptic stimulation. Bath application of the GABAa receptor
antagonist BMI (10juM, n = 4) reduced both the IPSP amplitude and the
associated increase in membrane conductance. These findings suggest
that only a subset of subicular BNs respond with a hyperpolarizing IPSP
when activated by the stimulation of different portions of the CA1 subfield.
They also indicate that this hyperpolarizing IPSP is mainly due to the
postsynaptic activation of GABAa receptors located on BNs. Supported by
Savoy Foundation and MRC of Canada.

2048

GABA RECEPTORS VI

804.13
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804.14

A BICUCULLINE- AND SACLOFEN-RESISTANT GABA
CURRENT IN SUBSTANTIA GELATINOSA OF THE RAT SPINAI
CORD IN VITRO. M. Yoshimura*. H. Baba. Y. Yaiiri and H. Higashi.
Dept. Physiol., Kurume Univ. Sch. Med. Kunime 830, Japan.
Stimulation of AS afferent fibers evoked a GABAergic IPSP via the
GABAa receptor. In many SG neurons, however, the GABA-induced
response was in part resistant to bicuculline and saclofen. To study the
property of the GABA response, blind patch clamp recordings were
made from SG neurons in the transverse spinal cord slices of the adult
rat. Bath applied GABA (0.1 -1 mM) produced an outward current
which consisted of an initial peak and a slowly decaying plateau. The
initial peak current was depressed by bicuculline (l0 - 100 pM), while
the plateau current was hardly affected. GABAb receptor antagonist,
phaclofen (500 pM) and saclofen (500 pM) also had no significant
effect on the plateau current. Picrotoxin (60 - 100 pM) depressed the
GABA current by more than 60 %. Both the initial peak and plateau
currents were reversed in polarity near the Cl' equilibrium potential. It
appears, therefore that the plateau current has a similar property to the
g Ab Ac current reported recently in visual system. The GABAc
receptor analog, lra«j-4-aminocrotonic acid (CACA, 0.5 - 1 mM), in
fact, produced in SG neurons a response similar to the GABA response
The CACA-induced current was, however, completely abolished by

bicuculline (20 pM). These observations provide an idea that SG
neurons may express a novel GABA receptor which has a different
pharmacological property from the GABAc receptor and that this
receptor may be involved in modulation of nociceptive transmission in
the spinal dorsal horn.

MUSCIMOL INDUCES TWO DISTINCT ELECTROPHYSIOLOGICAL
RESPONSES IN RAT SUPRACHIASMATIC NUCLEUS NEURONS IN
VITRO. J,A. Zidichouski*. S.B Kombian and O.J. Pittman Neuroscience
Research Group, University of Calgary, Calgary, Alberta, Canada.
The Suprachiasmatic Nucleus (SCN) is implicated as an important
hypothalamic site involved in the synchronization of physiological functions
that are circadian by nature. Sieep/wake cycles, body temperature,
cardiovascular and digestive functions are influenced by cues obtained from
the environment. Circadian rhythms are affected by light, the pineal hormone
melatonin, and by a variety of pharmacological agents. For example,
benzodiazapines cause a significant phase advance in wheel running activity
in rodents. GABA immunoreactivity is evident throughout the SCN and
GABAergic intemeurons are thought to mediate inhibitory postsynaptic
potentials recorded within this nucleus. The present study, therefore,
examined the electrophysiological effects of exogenous application of the
GABAa receptor agonist muscimol in an in vitro SCN slice preparation (400
pm coronal slices). The whole-cell nystatin patch clamp technique was used
and recordings were made from 21 cells located in the dorsal aspect of the
SCN. Bath application of muscimol (5-100pM) produced two distinct
electrophysiological responses. In 13 of 21 (62%) SCN neurons, a membrane
depolarization or inward current was observed. This “atypical” response
reversed at -57.7 ±2.1 mV (n=6) and was accompanied by a marked decrease
in membrane resistance (26.4% of control ±9.7, n=7). A typical muscimolinduced hyperpolarization or outward current that reversed at -73.8 ±l.lmV
(n=6) was observed in the 8 remaining SCN neurons. The mean change in
input resistance was 72.3% of control (±7.5% n=3). Both responses were,
however, attenuated by the GABAa channel blocker picrotoxin (25-100pM).
Supported by MRC Canada (QP & SK) & Ciba-Geigy Canada Ltd. (JZ)

804.15
PENTOBARBITAL MODULATION OF GABA-A RECEPTOR
KINETICS USING ULTRAFAST ACTIVATION IN EXCISED PATCHES
OF MOUSE CORTICAL NEURONS. J.J. TINGEY. A.M. LAVOIE. J.R.
BARINGER* & R.E. TWYMAN. Programs in Neuroscience, Human
Molecular Biology & Genetics, Depts of Neurology & Pharmacology,
Univ. of Utah, Salt Lake City, UT
Steady state applications of pentobarbital (PB) have previously been
shown to increase GABA-A mediated chloride current by increasing
single channel open duration without changing open frequency
[Macdonald et al., J. Physiol., 1989]. An ultrafast ligand exchange
system (100ps exchange time) was used to examine the effects of PB
on GABA binding and gating kinetics (channel activation and relaxation).
Outside-out patches from cultured fetal mouse cortex contained >10
channels 'and were voltage clamped at -75mV in symmetrical chloride
solutions at room temperature. GABA (10pM-10mM) alone or in the
presence of PB (5OpM) was applied to patches using either a series of
repeated brief pulses (8OOps) or single step applications (5Oms-2s).
Chloride currents were sampled at 20-100kHz and filtered at 2-10kHz.
Current onset (10-90% rise time) and decay time constants (t ) were
analyzed individually and as patch ensemble averages.
Pre-application of PB was necessary to see an alteration of kinetics,
suggesting that PB binds the receptor more slowly than GABA. As we
previously reported for diazepam, PB did not alter channel maximal
opening rates.
Unlike diazepam, PB prolonged current relaxation
indicating that PB increases time spent in one or more bursting states,
similar to that seen for steady state single channel recordings.

NEUROPEPTIDE LOCALIZATION:
805.1

805.2

DISTRIBUTION OF THE NEUROPEPTIDE Y Y2 RECEPTOR mRNA IN RAT
BRAIN. E ,L. Gustafson*. M , M, Durkin, K.E. Smith. C. Gerald. Y. She. A.I. Illv.
R.W. Weinshank and T.A. Branchek. Synaptic Pharmaceutical Corporation,
Paramus, NJ 07652.
The expression cloning ofthe human NPY Y2 receptor cDNA and the subsequent
cloning of the rat homologue (C. Gerald et al., K.E. Smith et al., Soc. Neurosci.
Abstr. 1995) have made it possible to localize the mRNA encoding this NPY
receptor subtype in rat tissues. We have carried out in situ hybridization studies
using [35S]dATP-labelled oligonucleotide probes to the rat Y2 receptor mRNA to
determine the distribution of Y2 mRNA in the rat brain and peripheral tissues.
Probe specificity was confirmed by testing the radiolabelled oligonucleotides in
transfected cells. In rat forebrain, y 2 mRNA is most abundant in the CA3 region
ofthe hippocampus, the medial nucleus of the amygdala, and in the arcuate nucleus
and tuber cinereum of the hypothalamus. Hybridization signals are also observed
over the olfactory tubercle, the lateral septal area, the basomedial and cortical nuclei
of the amygdala, the dorsomedial and ventromedial hypothalamus, the dorsal and
ventral premammillary nuclei, the piriform cortex, and the centromedial and
paraventricular nuclei of the thalamus. Caudally, hybridization signals for the Y2
mRNA are restricted to the dorsal and caudal linear raphe, the pontine nucleus, and
the posterior dorsal tegmental nucleus. In the spinal cord, labelling is observed over
scattered large neurons in lamina 9. A subpopulation of large neurons in the dorsal
root ganglia also exhibit a low hybridization signal for the Y2 mRNA.
The present results indicate that the mRNA encoding the Y2 receptor is discretely
localized in the rat brain. In some areas, colocalization of this novel receptor with
NPY itself appears likely, particularly in the arcuate nucleus of the hypothalamus.
The distribution of this NPY receptor subtype mRNA suggests involvement in
multiple physiological roles.
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ASSOCIATIONS BETWEEN NEUROPEPTIDE Y NEURONAL
ELEMENTS AND MICROVESSELS IN RAT AND HUMAN
CEREBRAL CORTEX. R. Abounader* & E. Hamel. Montreal
Neurological Institute, McGill Univ, Montreal, QC, Canada H3A 2B4
Neuropeptide Y (NPY) constricts cerebral intracortical arterioles (Dacey
et al. 1988 /. Cereh Blood Flow Metab 8: 254) and NPY-containing nerve
terminals have been incidentally observed in apposition with such
intracortical microvessels (Aoki & Pickel 1989 J Neurosci 9: 4333). To
assess the morphological basis for a putative role of NPY in the regulation
of microvascular functions, we performed a quantitative study of the
associations of NPY neuronal elements with microvessels in human and rat
cerebral cortex, respectively fixed by immersion after surgical removal
and by intra-aortic perfusion. Brain sections were immunostamed for NPY
and analysed using light microscopy. On 20 pm-thick sections, the overall
association of NPY neurons with local intracortical microvessels was
evaluated. On semithin (2 pm-thick) sections, the total number of NPY
neuronal elements, blood vessels andjperivascular NPY punctate structures
were counted on photomicrographs. Only neuronal elements which directly
touched a vessel wall were considered to be perivascular. In the 20 pmthick sections of rat cerebral cortex, many NPY-containing neurons
showed associations with intraparenchymal vessels, these were more
frequent between NPY processes and vessel walls than between cell
bodies and vessels. On semithin sections in the rat, 3.6% of all NPY
punctate structures (n=47O9) were perivascular. Also, of all vessels
counted (n=476), 22.5% were contacted by at least one NPY element with
7.6% of the vessels having 2 or more NPY processes. In man, an
extremely dense network of NPY-containing neuronal elements with very
few cell bodies was observed in both thick and semithin sections. Due to
the inability to visualize all intracortical vessels and to the very high
density of the NPY-innervation in the human cortex, a quantitative analysis
was not performed. However, many of the processes, most likely nerve
terminals, were apposed to a vessel wall in semithin sections. These
morphological data may indicate that cortical microvascular functions are
regulated by NPY neuronal mechanisms. Further studies at the
ultrastructural level would help define these NPY neurovascular
relationships. Supported by Dr Karl Thomae GmbH/Bio-Mega and the
MRC of Canada through a University-Industy grant.
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805.4

PRIMARY HIPPOCAMPAL NEURONAL CULTURES CO-EXPRESS NPYLIKE IMMUNOREACTIVITY AND NPY Y1 RECEPTORS: A POSSIBLE
SELF-AUTOREGULATORY MECHANISM? J.-A. St-Pierre*. Y. Dumont, and
R. Ouirion. Douglas Hosp. Res. Ctr. and Dept. Neurol, and Neurosurg., and
Psychiatry, McGill University, Montreal, Quebec, Canada, H4H 1R3.
Neuropeptide Y (NPY) and its homologues induce complex effects in the
hippocampal formation that include the modulation of glutamatergic
neurotransmission (Colmers and Bleakman TINS 17:373,1994) and sigma receptor
systems (Monnet et al. JPET 263:1219, 1992; Bouchard et al. J. Neurosci.
13:3926,1993). At least two classes of NPY receptors, Y1 and Y2 , mediate these
functional effects as both sub-types are expressed in the rat hippocampus, albeit
each according to a unique anatomical profile (Dumont et al., J .Neurosci.13:73,
1993). In order to investigate further the respective role of the Y1 and Y2 receptors
at the cellular and molecular levels, a rat embryonic primary hippocampal neuronal
cell culture model was developed and shown to be uniquely enriched with
Yl/[125I][Leu31,Pro34]PYY binding sites (St-Pierre et al. Soc. Neurosci. Abst
20:85, 1994). The aim of the present study was to establish the phenotype(s) of Y1
receptors-bearing hippocampal
neurons
using
a
combined
immunocytochemical/emulsion receptor autoradiographic method and focusing first
on the possible existence of NPY-immunoreactive neurons in the cultures.
Dissociated hippocampal cells from embryonic days 18-19 rats were grown for 20
days on cover-slips. Emulsion receptor autoradiography was then performed using
the selective Y1 radioligand, [125I][Leu3i,Pro34]PYY (35pM), followed by NPY
immunocytochemistry (ABC method, Vector) with a highly specific NPY antibody
(generously provided by G. Pelletier, Laval Univ.). Most interestingly, a significant
proportion of bipolar and pyramidal-like neurons were clearly NPY-immunoreactive
and expressed the Y1 receptor sub-type. These results suggest the possible
existence, via Y1 receptors, of an autoregulatory mechanism governing NPYergic
neurotransmission in the rat hippocampal formation. (Supported by the MRCC and
the FCAR).

PREPRO-NEUROPEPTIDE Y mRNA EXPRESSION AND RECEPTOR
AUTORADIOGRAPHY IN BRAIN FROM HYPERTENSIVE AND
NORMOTENSIVE RATS K. J. McLean. B. Jarrott and A, J. Lawrence*.
Dept, of Pharmacology, Monash Univ., Clayton, Victoria, 3168, Australia.
Neurons containing neuropeptide Y (NPY) may participate in central
cardiovascular control by tonically suppressing the baroreceptor reflex

pathway, possibly by influencing barosensitive neurons within the nucleus
tractus solitarius (NTS) (1). The present study has employed both in situ
hybridization histochemistry and receptor autoradiography, to visualise the
expression of preproNPY mRNA in the forebrain and to determine the NPY
receptor subtype/s in the brainstem, respectively. Specific hybridization
signals to a preproNPY antisense oligonucleotide probe were visualized in the
cortex, dentate gyrus, hippocampus and reticular thalamus from age-matched
spontaneously hypertensive rats (SHR) and normotensive Don Ryu rats (DRY)
and Wistar-Kyoto rats (WKY). Differences in the expression of preproNPY

mRNA were only observed in the hypothalamic arcuate nucleus, where
densitometric analysis of images revealed values of 4.21 ± 0.39 (SHR; n=7),
1.81 ± 0.53 (DRY; n=8) and 1.42 ± 0.15 dpm/mm2 (WKY; n=8).
Autoradiography using ^I-Bolton Hunter-NPY (BH-NPY, 15 pM)
demonstrated NPY binding sites in the dorsal vagal complex and inferior
olive. NPY (1 pM) and peptide YY (1 pM), but not [Leu31, Pro34] NPY (10 100 nM), fully inhibited the binding of ^-i-BH-lPY. These results indicate
that NPY receptors of the Y2 subtype predominate in the dorsal vagal
complex. While all three rat strains appear to have the same receptor subtype
in the brainstem, the relevance of the differential NPY gene expression in the
arcuate nucleus regarding central cardiovascular control mechanisms and /or
the pathogenesis of hypertension remains to be elucidated.
1. Shihi (2 ,-D. et al., (1992) Neurosci. Lett. 148,169-1-2.

805.5

805.6

[3H]BffiP3226, A NEWLY DEVELOPED NON-PEPTIDE NEUROPEPTIDE Y Y,
RECEPTOR ANTAGONIST RADIOLIGAND: BINDING CHARACTERISTICS
AND QUANTITATIVE AUTORADIOGRAPHY.
Y, Dumont* and R. Ouirion, Douglas Hospital Research Center. Dept. Psychiatry.
McGill University, 6875 LaSalle Blvd., Montreal, Quebec, Canada, H4H 1R3.
Rudolf et al. (Eur. J. Pharmacol., 271: Rll-Rl3ffT994) recently reported the
development of a highly selective non-peptide neuropeptide Y (NPY) Y , receptor
antagonist, devoid of activity on the Y2 and Y3 (Jacques et al., Eur. J. Pharmacol, in
press) receptor subtypes. This suggests that BIBP3226, in a radiolabelled form,
could prove most useful as the first antagonist radioligiand to investigate Y,
receptor binding parameters. Entzeroth et al. (Eur. J. Pharmacol., in press) have
just developed [3H]BIBP3226. This new radioligand was studied here using both
rat brain membrane binding assays and receptor autoradiography according to
protocols described earlier (Dumont et al., J. Neurosci., 13: 73-86, 1993).
Unlabelled BIBP3226 competed with high affinity for rat brain Y, (Ki of 1 nM) but
not Y2 (> 1 pM) binding sites. Autoradiograms revealed that 100 nM BIBP3226
competed for at least 75 to 90% of 30 pM [l25I][Leu3',Pro34]PYY/Y, agonist
binding sites in most brain regions including in the superficial layers of the cortex,
various thalamic nuclei, the dentate gyrus of the hippocampus and the cerebellum.
In contrast, few areas such as the glomerular layer of the olfactory bulb, lateral
septum, nucleus tractus solitarius (NTS) and area postrema are rather resistant
(<30%) to BIBP3226. The direct use of [3H]BEBP3226 (5 nM) as radioligand
confirmed and extended these findings with high specific labelling concentrated in
cortical areas and in the thalamus for example, but not in the NTS and the area
postrema. Taken together, these results may suggest the possible existence of Yi
receptor subtypes, one being highly sensitive to BIBP3226. Supported by an MRCC
Industry/University Grant jointly with Thomae GmbH/Bio-Mega.

NEUROPEPTIDE Y Y, AND Y2 RECEPTOR BINDING SITES IN THE RAT AND
HUMAN SPINAL CORD. EFFECT OF SURGICAL MANIPULATIONS AND
AMYOTROPHIC LATERAL SCLEROSIS (ALS). D. Jacques'* Y. Dumont1. S.
Kar1, C. Krieger^ A. Fournieri, S. St-Pierre3 and R. Ouirion1. Douglas Hospital
Res, Ctr, Dept. Psychiatry, McGill University, Montreal, Canada, H4H 1R3;
2University of British Colombia, University Hospital, Vancouver, Canada; riNRSSante, 245 Boul Hymus, Pointe-Claire, Canada, H9R 1G6.
125 Autoradiographic studies have shown that following sciatic nerve sectioning,
[ IJBH-NPY binding decreased while [125I]PYY labelling increased in the
superficial laminae of the ipsilateral dorsal horn (Kar and Quirion, Brain
Res.,574:333, 1992; Zhang et al., Eur. J. Neurosci., 7:367, 1995). In order to
determine the neuropeptide Y (NPY) receptor subtypes involved, the respective
distribution of the Yi and Y2 receptors was investigated in the rat and human spinal
cord using recently developed selective radioligands (Dumont et al., J. Pharmacol.
Expt.Ther. 272: 673, 1995). Another series of experiments were carried out to
determine whether Yt and Y2 receptor binding sites are differentially altered
following sciatic nerve lesion and in ALS spinal cord. Autoradiographic studies
revealed that high levels of both Y,/[12T][Leu3l,Pro34]PYY and Y2/(,25I|PYY3<3>
binding sites are present in laminae I and II of the dorsal horn of the adult rat spinal
cord. Deeper laminae and the ventral horn are more heavily labelled with Y2 ligand.
Following unilateral sciatic nerve section (14 days), specific Yi binding decreased
while Y2 labelling increased in the superficial laminae of the ipsilateral dorsal horn.
In contrast to the rat spinal cord, Yi/[l25I][Leu31,Pro34]PYY and Y2/[125I]PYY3.3binding sites are rather similarly distributed in the normal human spinal cord with
labelling particularly concentrated in laminae I and II, and the ventral horn
expressing low but still significant levels of binding sites. No significant alterations
were noted in the distributional profile and/or density of Yt or Y2 receptor subtypes
in the ALS cord. Taken together, these results suggest that both the Yi and Y2
receptor subtypes are expressed in the rat and human spinal cord, and are
differentially regulated following sciatic nerve lesioning. Supported by the MRCC
and an Industiy-University grant.

805.7

805.8

DISTRIBUTION OF [3H]-NEUROTENSIN RECEPTORS IN
HUMAN BRAIN. Steven R. Daviss*. Carol A. Tamminga. and
Robert A. Lahti. Maryland Psychiatric Research Center, University
of Maryland School of Medicine, P.O. Box 21247, Baltimore, MD
21228.
The distribution of receptors for neurotensin in human brain are
distributed primarily in so-called limbic areas, with a distribution that
appears to be distinct from that of dopamine receptors. We have
examined dopamine receptor subtype distributions within human
brain, and would like to compare these distributions with that of
neurotensin receptors in brain tissue from normal controls. We present
here autoradiographic data using pH]-neurotensin (3H-NT) to locate
NT receptors in normal human brain. Two coronal hemi-blocks were
cut at the level of the head of the caudate and at the level of the
hippocampus from' frozen human brain tissue from three individuals
with no known psychiatric or neurologic illnesses. Each hemi-block
was divided into 3 smaller blocks, and these were sectioned at 2Opm
on a cryostat, thaw mounted, incubated in 3H-NT, and developed on
tritiiun-sensitive film. Digitized images were used to estimate specific
binding across blocks and cases. Areas of intense binding include
anterior cingulate cortex (ACC), insular cortex, and entorhinal cortex
(ERC), with moderate binding in caudate, amygdala, subiculum, and
prefrontal cortex (PFC). Binding within ACC and PFC superficial
cortical layers was about twice that in deep layers. Discrete areas of
intense binding within the superficial layers of ERC were consistent
with localization to the layer II cellular islands. These data are
consistent with previous reports of distribution of [ 125I]-NT receptors
in human brain tissue.

NEUROTENSIN RECEPTOR mRNA LOCALIZATION IN HUMAN MIDBRAIN, BASAL
GANGLIA, CINGULATE CORTEX AND HIPPOCAMPAL FORMATION BY IN SITU
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HYBRIDIZATION. S.S. Wolf1*, S.E. Bachus1, B.L.Kinkead2, M.J. Owens2, C.B.

Nemeroff2, J.E. Kleinman1, T.M. Hyde1 . 1NIMH Neuroscience Center at St. Elizabeths,
Washington, DC 20032 and 2Dept. of Psychiatry and Behavioral Sciences, Emory
University School of Medicine, Atlanta, GA 30322
Neurotensin (NT) is a putative CNS neurotransmitter which may be implicated in
certain neuropsychiatric disorders. High concentrations of NT receptors are present in
specific brains regions, including the substantia nigra (SN), ventral tegmental area
(VTA), entorhinal and cingulate cortices, with moderate concentrations in the basal

ganglia. Recently, human midbrain and striatal NT receptor mRNA was localized by in
situ hybridization (Yamada et al., Neuroscience 64: 405-417, 1995). We have
corroborated these findings and further examined select limbic regions in which NT
receptors have previously been reported to be concentrated. Utilizing a 35S-labelled
antisense riboprobe, we examined several rostro-caudal levels of 8 normal human
midbrains. High levels of NT receptor mRNA signal were detected in the substantia nigra
pars compacta and in the paranigral subnucleus of the VTA. In contrast, faint signal was
detected in other subnuclei of the VTA and other mesencephalic structures. No
significant signal was observed in striatum. In the hippocampal formation, moderate
signal was seen in the dentate gyrus, with light labeling of layer II of the entorhinal
cortex. , Pregenual cingulate cortex revealed only faint signal in a homogenous pattern.
The association of high NT receptor mRNA signal with dense NT receptor concentrations
in some regions, such as SN, is consistent with a perikaryal localization of NT binding
sites. In contrast, the significant mismatch of moderate or high receptor density in
striatum, cingulate and entorhinal cortices, with faint, or absent, mRNA signal suggests
that these regions may represent terminal Nt binding sites.
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805.9

805.10

COEXISTENCE OF VASOACTIVE INTESTINAL PEPTIDE mRNA
AND NEUROTENSIN RECEPTOR mRNA IN MANY NEURONS OF
THE SUPRACHIASMATIC NUCLEUS IN THE FEMALE RAT.

DISTRIBUTION AND SEASONAL VARIATION OF VIP-LIKE
PEPTIDES IN THE NERVOUS SYSTEM OF HELIX POMATIA.
A, Hermann* W. Kaufmann and H. Kerschbaum- Dept. of Animai-

E, Partolflk-Suki, MJ. Alexander*, and S.E. Leeman-

Dept. of Pharmacology &
Exper. Therapeutics, Boston University School of Medicine, Boston, MA 02118.

Vasoactive intestinal peptide (VIP)-syntfiesizing neurons in the
suprachiasmatic nucleus (SCN) are implicated in the regulation of
gonadotropin-releasing hormone (GnRH) secretion. Recently, it has
been suggested that neurotensin (NT) binding sites are closely associated
with VIP-containing neurons in the SCN (Francois-Bellan et al., Synapse
10:282, 1992). The goal of the present study was to investigate whether,
and to what extent, VIP neurons in the SCN express mRNA encoding the
high-affinity NT receptor (NTR). Coronal sections were prepared from
the brains of adult female rats (n = 8), and double-label in situ
hybridization histochemistry with digoxigenin-labeled and radiolabeled
(35S or 33P) cRNA probes was used for simultaneous detection of VIP
mRNA and NTR mRNA in individual cells. As expected, both mRNAs
were detected primarily in the ventral SCN, where the regional
distribution of VIP mRNA labeling coincided with that of NTR mRNA
labeling at all rostrocaudal levels. Although single-labeled cells of either
type were observed, the vast majority of VIP mRNA-labeled cells also
displayed NTR mRNA labeling. Our results provide definitive evidence
that neurons capable of synthesizing VIP are by far the predominant cell
type in the SCN that expresses NTR mRNA. Moreover, these results
suggest that VIP-synthesizing neurons are the major cell type in the SCN
in which NTR levels are reduced by estrogen, as shown in previous
studies.
We speculate that NT-mediated hormonal input and
photic/circadian inputs are integrated in the SCN by certain VIPsynthesizing neurons which directly regulate the activity of GnRH
neurosecretory cells. Supported by NIH Grant DK 29876.

Physiology, Univ. of Salzburg, Inst, of Zoology, Hellhninnerstr. 34, A-5020
Salzburg, Austria.

Thn distribution of neuropeptides immunologically related to vasoactive
intestinal pnptidn (VIP) and its precursor peptide prnproVIP(1 11-122), was
studied in thn central and peripheral nervous system of thn snail, Helix
pomatia, by use of immunocytochemical methods. VIP and hrehroVIP-relatnd
immunoreactivity were present in somata and nerve fibres in subhOhulations
of neurons in all central ganglia. Hibernating snails contained on average a
total of 670 VIP- and 763 prepro-VIP-immunoreactive neurons. The number
of irnmunoreactivn cells was substantially reduced by more than 50% in
active snails during summer with an average of 289 VtP- and 356 preproVIP-immunornactivn neurons. Antiserum against VIP tabwlled nerve fibres
next to blood vessels and smooth muscle cells, whereas prepra-VIP-tike
material was localized in nnrvn fibres and nndocrine-like cells. VlP-immunornactivn material was also found in accessory ganglia of small and large
tentacles, ganglia of thn lips, the sensory epithelium of thn tentacles, free
nnrvn endings between skin epithelial cells, neuronal ceils in thn retina and in
thn sensory epithelium of statocysts.
Thn cwll-specific distribution and thn seasonal variation of VIP- and
pre^oV^-like peptides suggests that they may act as transmitters or
modulators in thn nervous system and may bw involved in thn physiological
adaptation of central neurons during long-term rnsting periods of snails.
Supported by FWF-grant P09247.

805.12

805.11
The ntunber of striatal neurons with CCK-Uke immunoreactivity is ipsUaterally increased in unilateral
6-OHDA lesioned rats
R. Schada K. Brantigam, HL Orasmo, C. Pfister, KM. Bode-Greuel*
Institute ofPharmacology and Toxicology. Department ofMedicine (Charite). Humboldt-University ofBerlin,
Bayer AG, Wuppertal, Germany
The-existence of striatal CCK-ergic neurons is controversial discussed in literature. There is evidence both for
striatal perikarya with CCK-Iike immunoreactivity (CCK-IR) aind CCK mRNA in this rat brain region. Other
studies failed to demonstrate perikarya with CCK-IR or CCK transscription material in basal ganglia of the rat
team. Previously, we have described a new avian antibody (Ab) raised against the sulphated CCK-8. Using this
antibody neurons of different size and shape can be visualized in the striatum. Since CCK and dopamine (DA)
were found to be colocalized in neurons of the mesencephalon of rats, it was speculated that CCK may have a
neuromodulatory influence on DA. The 6-OHDA-lesion is a tool used commonly to investigate the influence of
any neuronal substance on the DA function.. Thus, using the new avian anti CCK-Ab the present study was
aimed to investigate whether or not h 6-OHDA (MFB) lesion has any influence on the distribution partem of
striatal CCK-IR structures.
It could be found that the number of CCK-ergc neurons significantly is increased ipsilaterally (150 %) to the
lesioned hemispere 3 months following the 6-OHDA-lerion. No differences could be observed between the both
hemispheres 1 month after the lesion. The increasing number of visualized CCK-ergc neurons seen in the
lesioned hemisphere is interpreted as H functional parallel with receptor up/down regulation. The observed
difference between both hemispheres may reflect h quite similar phenomenon but on h different level of
functional brain organization. This response may also due to compensatory mechanisms which develop time
dependency. Despite of our limited insight in neuronal interactions in general, the present results fHrther
substantiate the hypothesis of h nigrostriatal (and vice versa) regulatory CCK/DA relation (directly or
indirectly).

This study was supported by the Deutsche Forschungsgemeinschaft (Scha 558/1-1) and the Bundtesmimsterium
fHr Bildung und Forschung (0310L24A).

THE ORIGIN OF CCK IN CAUDATE AND NUCLEUS ACCUMBENS:
COMBINED MICRODIALYSIS, RETROGRADE TRACING AND IN SITU
HYBRIDIZATION ANALYSES. A. E. Kresse*. A. Reves. P. Micevvch and N. T.
MaidmenL Neurobiology and Psychiatry, UCLA, Los Angeles, CA 90024.
Contrary to several anatomical reports we have been unable to provide evidence
for h dopaminergic midbrain origin for caudate (CPu) and nucleus accumbens (Acb)
extracellular CCK measured by microdialysis (Soc. Neurosci. Abstr. 18, 1369,
1992). Morino et al (1992) provided evidence for a cortical origin of extracellular
CCK in the CPu. The current experiments were carried out to substantiate these
findings and to extend them to the Acb using both microdialysis and histochemical
approaches. Male Sprague Dawley rats were anaesthetized with Halothane. Kainic
acid was injected bilaterally into h wide cortical area (total of 32 lul injections). 10
days later rats were implanted with dialysis probes in CPu and Acb. After h 2h
equilibration period samples were collected every 30 min. CCK release was evoked
by incorporation of veratridine (50 pM) in the perfusion medium for 10 min and
measured by RIA. Evoked release of CCK was reduced to 6% of naive control rats.
Rhodamine-labeled latex beads were injected into the medial CPu or Acb shell. In
situ-histochemical detection of CCK mRNA expression was achieved using h -^Slabeled synthetic oligonucleotide probe. Retrograde tracing analysis revealed ipsiand contra-lateral input from many regions of the neocortex and substantia nigra
compacta (SNC). Also h massive projection from the medial and central amygdala,
hs well hs the anterior dorsal and midline nuclei of the thalamus was observed.
About 90% of the retrogradely labeled neocortical neurons also expressed CCK
mRNA while this co-localization could be found only occasionally in the amygdala,
SNC and thalamus. While very few retrogradely labeled neurons were found in the
neocortex following Acb injection, several cortical amygdaloid nuclei, as well as the
ventral part of the subiculum (S) and the ventral tegmental area (VTA) showed large
numbers of ipsilateral projection neurons. Those in S and VTA were also found to
express CCK.

805.13

805.14

IMMUNOLOCALIZATION AND QUANTITATION OF FIBROBLAST
GROWTH FACTOR RECEPTOR-1 IN THE HUMAN PERIPHERAL
NEUROMA. Q. Ma. R.W. Beuerman*. S. Zhao. L. Pedroza, H. Tran.
D. Nguyen, D.G. Kline. Ddd L of Ophthhlmolooy, LSS Eye Ceetee New
Orleans, LA 70112
Immunocytochemical localization offibroblast growth factor recwptor1 (FGFR-1) was studied in the cultured cells (passage 4 or 5) from
human neuroma tissue obtained at the time of surgery. The cultured
cells consisted of large numbers of fibroblasts and a few Schwann
cells identified by anti-NGF receptor. The results showed that the
fibroblasts were positively stained using an immunohistochemical
procedure with a monoclonal antibody to recognize FGFR-1. Further,
the subcellular location of FGFR-1 in the cells was investigated by
electron microscopy using pre-embedding indirect immunogold double
labeling. The particles (15 nm gold probe for FGFR-1) were found to
be arranged regularly along the cell membranes at an average
distance of 1.3±O.5 pm from the receptors, and particles (5 nm gold
probe for basic fibroblast growth factor) were also present in the
cytoplasm. It is interesting that the numbers of gold particles (for FGF
receptor-1) were dramatically reduced after administration of basic
fibroblast growth factor in the binding test. FGF membrane receptors
were quantitated by flow cytometry using microbeads as the standard.
The receptor density was calculated to be about 5600 per cell. The
results will be useful for determining the function of FGF receptors in
the formation of neuromas. Supported in part by DAMD17-93-V-3013.

DISTRIBUTION OF IMMUNOREACTIVE NERVE GROWTH
FACTOR IN THE BRAIN AND PITUITARY GLAND OF
XIPHOPHORUS. L. Magliulo-Cepriano1, M.P. Schreibman2* and
M. Schartl.3 State University of New York, Farmingdale! Brooklyn
College Biology Department, C.U.N.Y., Brooklyn, NY 112102,
Universitat Wurzburg, Germany3.
Antisera generated against Xiphophorus neurotropin-6 was
utilized to study the distribution of immunoreactive (ir)- nerve
growth factor (NGF) in the brain and pituitary gland of
Xiphophorus maculatus, the platyfish, at different stages of sexual
development. In both immature and mature animals, ir-NGF was
found in an intensely stained cluster of perikarya in the anterior
lateral nucleus lateralis tuberis (NLT). Processes of these cell
bodies extended ventromedially toward and through the
infundibulum and into the neurohypophysis of the pituitary gland.
In the pituitary, immunoreactivity was seen in the pars intermedia
and in the gonadotropic zone of the caudal pars distalis.
Immunoreactivity was also noted in the hindbrain of mature
animals. In neonatal animals, ir-granules were also noted around
cells of the anterior olfactory lobe. These data suggest that NGF is
involved in pituitary gland physiology, from very early in neonatal
life, into sexual maturity. [Supported by NASA (NAGW-1704) and
BARD (IS-2149-92)]
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A COMPREHENSIVE ANALYSIS OF THE DISTRIBUTION OF FGF2 AND FGFR1 IN THE RAT BRAIN. A.M. Gonzalez*. M. Berrv*. P.A.
MaUfiL A. Logan8, and A. Baird. The Scripps Research Institute, Dept, of
Cell Biology, La Jolla, CA; fUMDS (Guy's Campus) London, UK; *Dept. of
Clinical Chemistry, Univ. of Birmingham, UK
We examined the distribution of basic fibroblast growth factor (FGF-2)
and its receptor (FGFR1). The results confirm the widespread distribution
of both, and different regions express distinct patterns of protein: neuronal
and non-neuronal cells show different subcellular distributions that vary
according to the area where they are located. The intensity of staining and
hybridization also varies according to the loci examined and the cell type
involved. Astrocytes contain the highest levels of FGF-2 and FGFRl
mRNAs, and possess high levels of nuclear ir-FGF-2. Amongst nonneuronal cells, oligodendrocytes do not contain significant levels of ir-FGF2; however they do express FGFRl mRNA. In these cells, ir-FGFRl is
mainly associated with the myelin sheaths of neuronal fibers. In ventricular
systems, ependymal cells synthesize and contain ir-FGFRl, but only cells
lining the lateral wall of the III ventricle express FGF-2 mRNA.
Subependymal cells contain high levels of both ir-FGF-2 and ir-FGFRl.
Neurons express low levels of FGF-2 mRNA and ir-FGF-2 is localized
predominantly to the perikaryon. However, select populations of neurons,
(CA2 field of the hippocampus) show high levels of FGF-2 mRNA, in which
the nucleus is strongly immunopositive. Similarly, high levels of FGFRl
mRNA are localized to select populations of neurons, (e.g., amygdala). irFGFRl is mainly associated with myelinated fiber tracts (e.g., striatum), and
some neurons show immunoreactivity in the perikaryon (e.g.,
hippocampus), the nucleus (e.g., mesencephalic trigeminal nucleus), or in
axonal projections (e.g., hypothalamus). In many areas, FGF-2 and FGFRl
mRNA and/or their translated protein do not co-localize in neurons (e.g.,
neo-cortices) or even in the same regions of the brain (e.g., substantia
nigra). In other instances, mRNAs colocalize (e.g., supraoptic nucleus).
The highly specific anatomical distribution of ir-FGF-2 supports the notion
that it plays a multifunctional role in the CNS. This comprehensive analysis
should resolve numerous disparate findings described in the literature.

DIFFERENTIAL EXPRESSION OF CHROMOGRANIN A (CgA)
HIGHLIGHTS ASTROCYTIC HETEROGENEITY. D.G.Munoz* and D.X.
Deng. Dept. Pathology, University of Western Ontario, London, Ontario,
Canada N6A 5C1
The neuropeptide CgA is subjected to cell type-specific proteolytic
processing in many varieties of endocrine cells and neurons. McAuliffe and
Hess reported that rat Bergmann glial cells are labelled by the antihuman CgA
monoclonal antibody LK2H10. We now rule out cross-reactivity by
demonstrating that LK2H10 does not recognize in western blots of rat brain
any protein not present in adrenal medulla. We also immunostained the entire
brains of adult male Sprague-Dawley rats with LK2H10 and polyclonal
antibodies to the C-terminal sequence of rat CgA, and rat pancreastatin, a CgA-

derived peptide. All three antibodies labelled Bergmann glia, as well as a
subset of astrocytes. While all extracerebellar astrocytes expressing C-terminus
(representing uncut CgA) and pancreastatin were restricted to the white matter,
LK2H10 labelled a much wider population, including in addition astrocytes in
the motor nuclei of cranial nerves, the molecular layer of cerebral cortex, the
posterior (but not anterior) hypothalamus, and the stratum lacunosummoleculare (but not radiatum) of hippocampus. Colocalization in the same cells

of vesicular CgA and GFAP was confirmed by confocal microscopy. These
observations show that astrocytes express CgA, and that region-specific
populations differentially process CgA, suggesting a remarkable degree of
functional heterogeneity, which may be related to CgA's modulatory actions on
dendritic growth.

805.17

DIFFERENTIAL PROTEOLYTIC PROCESSING OF CHROMOGRANIN A
IN RAT BRAIN NEURONS. D.X. Dencr, C. Gibson* and D.G.
Munoz. Dept. Pathology, University of Western Ontario,
London, Ontario, Canada N6A 5C1
Chromogranin A (CgA) is a prohormone subjected
to
proteolytic
processing.
Cell
type-specific
differential expression of CgA-derived peptides has
been observed in endocrine cells. To investigate
whether differential processing of CgA takes place in
neurons the entire brains of male Sprague-Dawley rats
were immunostained with sequence-specific polyclonal
antibodies to the CgA-derived peptides B-granin and
pancreastatin, and the C-terminus of CgA, and with 2
monoclonal CgA antibodies. Immunoreactivity for the Cterminus, representing uncut CgA, was widespread in
perikarya, except for most neurons in cerebral
neocortex, thalamus, neostriatum,
and cerebellar
cortex. All other
antibodies labelled partially
overlapping subsets of this population, and of
synaptic terminals. For example, LK2H10 intensely
labelled
perikarya
in
the
supraoptic
and
paraventricular nucleus, and B-granin the central
nucleus of the amygdala. In addition B-granin was
expressed in a subset of myelinated axons in the brain
stem,
and pancreastatin in circumventricular and
subpial varicose fibers. These results indicate that
CgA is proteolytically processed in neurons prior to
axonal
transport of
large dense core
synaptic
vesicles. The differential expression of CgA fragments
in neuronal populations suggests distinct functional
roles for each CgA-derived peptide.
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806.1

806.2

INCREASED VASOPRESSOR ACTIONS OF NEUROPEPTIDE Y-(13-36) IN
SPONTANEOUSLY HYPERTENSIVE VERSUS NORMOTENSIVE RATS
MAY BE DUE TO INCREASES IN Y2 RECEPTOR BINDING IN THE
NUCLEUS TRACTUS SOLITARIUS. P. B. Hedlund*. J. A. Aguirre! J. A.
Narvaez! and K. Fuxe. Dept, of Neuroscience, Karolinska Instituted S-171 77
Stockholm, Sweden and iDept. of Physiology, Univ. of Malaga, Malaga, Spain
The C-terminal NPY fragment (13-36) [NPY-(13-36)j, a NPY Y2 receptor
agonist, elicits vasopressor responses upon central administration. We have studied
the cardiovascular responses of NPY-(13-36) and the distribution of NPY receptor
subtypes within the nucleus tractus solitarius (nTS) in spontaneously hypertensive
rats (SHR). NPY-(13-36) was injected intracerebroventricularly in different doses
(7.5 to 3000 pmol) in awake, unrestrained rats to evaluate the cardiovascular effects.
NPY receptor subtypes were studied by autoradiography using [125l]peptide YY
(ji25i]pYY) a5 a radioiigand and by masking the Yi and Y2 receptor subtypes with
unlabelled [Le^^Pro^^Y and NPY-(13-36) respectively. In both male SHR
and age-matched male normotensive Wistar-Kyoto rats (WKY) NPY-(13-36).
injections elicited vasopressor effects. In WKY this effect was dose-dependent and
became significant at doses from 75 pmol, whereas in the SHR the vasopressor
effect had a longer duration than in the WKY and became significant at lower doses
(25 pmol) but associated with the development of an early ceiling effect. The heart
rate was unaffected in both groups of rats. Total specific [125i ]PYY binding in the
nTS was 25% higher in SHR than in WKY rats. By masking the Yi and Y2
receptor subtypes respectively it could be shown that this difference was due to an
increase in Y2 receptor binding within the nTS. The present results give evidence
for an increased potency but not an increased efficacy of NPY-(13-36) in inducing a
pressor response in the SHR associated with a longer duration as compared with the
WKY rats. These enhanced vasopressor effects may partly be explained on the basis
of an increased density of Y2 receptor (vasopressor effects) versus Yi receptor
subtypes (vasodepressor effects) leading to a dominance of Y2 over Yi transduction
in the SHR. The peak activity Of NPY-(13-36) in SHR may not be increased due to
the already high blood pressure levels in these rats.

NEUROPEPTIDE Y mRNA IS INCREASED IN THE ARCUATE
AND HIPPOCAMPAL HILUS AFTER ACUTE STRESS. C.D.
Conrad* and B.S. McEwen. The Neuroendocrinology Lab, The
Rockefeller University, New York, New York 10021
Arcuate and hilar NPY mRNA expression has been shown to be
regulated by adrenalectomy (ADX) and a 1 week infusion of adrenal
steroids (Wantanabe et. al., Mol Brain Res. (1995) 28: 135-140). ADX
caused an increase in NPY mRNA whereas NPY mRNA decreased in
the arcuate. We investigated whether acute stress would also exert a
differential effect on NPY mRNA expression in the hippocampal hilus
and arcuate nucleus. Male rats were acutely stressed by placing them in
wire mesh restraints for 1 hour. Rats were decapitated at 0 (no stress),
1, . 6 ana 24 hrs dter restratnt. t n si tu hybridization wew used to
determine NPY mRNA levels. Film analysis of the autoradiograms
indicated that NPY mRNA increased in the arcuate 24 hrs after one
exposure to restraint stress, F(3,35)=3.427, p<0.05. NPY message was
not elevated 1 and 6 hours after restraint compared to non stressed rats
(10 rats/group). NPY mRNA increased in the dentate hilus 6 and 24
hrs after restraint compared to the non stressed and 1 hr groups,
F(3,19)=3.747, p<0.05 (5-6 rats/group). Preliminary data from grain
count analysis concur with the film results. Corticosterone (CORT)
levels indicated that serum CORT was elevated immediately following
the stressor (1 hr rats = 41.6 ^g/dl) and that these levels declined by 6
hours. These data indicate that' exposure to one hour of restraint stress
is sufficient to elevate NPY mRNA levels in both the arcuate nucleus
and hippocampal hilus. Furthermore, acute stress did not differentially
alter NPY mRNA expression between the arcuate and hilus. Supported
by grants MH10804 to CC and MH41256 to BM.
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EFFECTS OF NEUROPEPTIDE Y AND SIGMA RECEPTOR
ANTAGONISTS ON NMDA-STIMULATED [3H]DA RELEASE FROM
SLICES OF RAT PREFRONTAL CORTEX AND STRIATUM. D.T.
Ault* and L.L. Werling.
Depts. of Neuroscience and
Pharmacology, The George Washington University Medical
Center, Washington, DC 20037.
Although the identity of the endogenous ligand for
sigma receptors is controversial, various neuropeptides and
steroids have been shown to compete for binding to these
receptors.
Among endogenous sigma receptor ligand
candidates is neuropeptide Y (NPY) which mimics
electrophysiological preparations of some sigma ligands.
We have previously shown that prototypical sigma agonists
such as (+)pentazocine and BD737 inhibit stimulated [3h ]DA
release in various brain regions.
Using a superfusion
system,
we compared the effect of NPY on stimulated
[3h ]DA release to the effects of these ligands. In contrast to
(+)pentazocine- and BD73 7-mediated inhibition of release,
NPY enhanced release at nM concentrations. Several sigma
antagonists reversed the enhancement.
Effects of NPY
receptor antagonists are currently being tested. (Supported
by a NIDA grant to LLW.)

BLOOD PRESSURE CHANGES INDUCED BY ANGIOTENSIN ANALOGUES
DESIGNED TO INTERACT WITH THE AT, RECEPTOR SUBTYPE. J.W.
Wright*. A.J. Bechtholt, S.L. Esserand J,W. Harding. Departments of Psychology and
VCAPP, Washington State University, Pullman, WA 99164-4820.
Three angiotensin receptor subtypes have now been identified and characterized
within the brain renin-angiotensin system (RAS). Of these, the AT, subtype appears
to be responsible for mediating the classic physiologies and behaviors associated with
the brain RAS, namely pressor and drinking responses, vasopressin release, salt
appetite, and sexual behavior accompanied by cyclic regulation of reproductive
hormones. It has been assumed that angiotensin II (Angll) activates the AT, receptor
subtype, although there is evidence that angiotensin III (AngllI) may also act at this site
(reviewed by Chiu et al., 1993). The present investigation utilized three metabolically
stable angiotensin analogues in an effort to determine the form of angiotensin that
activates the centrally mediated pressor response. Each of these analogues was
modified at the N-terminus with a hydroxylethylamine group (CHOHCH2NH) amide
bond. This bond primarily differs from the peptide bond in that it permits free rotation
of the backbone bonds, it is 1.67 angstroms longer, and it significantly increases the
half-life of each molecule.
Intracerebroventricular infusion of each analogue (100 pmol/min) for 10 min in alert
rats indicate maximum mean C+SEM) systemic blood pressure elevations of 2O+5.7,
21+2.6, and 17+0.9 mm Hg for Angll, III, and IV pseudopeptide analogues,
respectively. Comparable values for native Angll, III, and IV were 24+2.2, 21+3.1,
and 15+.1.1 mm Hg. These results suggest that native Angll and III are equipotent at
the AT, receptor subtype, while AnglV is less potent. The advantage offered by Angll
over Anglll may be that it activates this receptor as Angll, and is then converted to
Anglll that also activates the receptor, followed by conversion to AnglV which is
briefly activated. Anglll does not offer this "multiple-ligand" effect.

806.5

806.6

THE EFFECTS OF ESTROGEN ON ANGIOTENSIN II STIMULATED
PROLACTIN SECRETION IN VITRO. W. Brvant. K. Zechiel and P.
Callahan*. Dept of Zoology, Center for Neuroscience, Miami University,
Oxford, Ohio 45056.
The role of Angiotensin II (All) in the physiological regulation of Prolactin
(PRL) release is unknown. The purpose of these studies was to
determine the effect of estrogen on the All - induced PRL secretory

GLUCOCORTICOID REGULATION OF THE VASOPRESSIN Via
RECEPTOR IN THE SEPTUM OF RAT BRAIN
J. J, Watters*a.C. W. Wilkiksnno. C, F. Ferris is and D . iVlMPor^^ b

Departments of Pharmacology a, Psychiatry and GRECC b, VAMC Seattle and
American Lake, Univ. of WA, Seattle WA 98195 and Dept. Psychiatry Univ.
Mass., Worcester, MA c
Vasopressin is intimately involved in the hypothalamo-pituitary adrenal axis.
Via vasopressin receptors (VlaR), the primary subtype expressed in the brain, and
their mRNA, are expressed in WRK-1 mammary tumor cells. Both the receptor
and its mRNA are enhanced by dexamethasone (DEX) treatment. To examine the
molecular basis of this effect, we have isolated a genomic clone encoding the rat
VlaR. Approximately 3.5kb have been sequenced revealing the presence of 3
putative glucocorticoid response elements (GREs) in the 5’ flanking region of the
gene. Gel mobility shift assays using these putative GREs and nuclear extract
from DEX treated WRK-1 cells indicate that 2 of the 3 putative GREs are active in
protein binding and might mediate transcriptional effects of glucocorticoids. The
septum of the rat brain expresses a vasopressin VlaR which has been impicated in
various rodent behaviors. In order to examine in vivo effects of adrenal steroids on
septal VlaRs, we bilaterally adrenalectomized (ADX) male rats and hormone
replaced them with either DEX in different concentrations, or with aldosterone.
The effects were evaluated in the septum of these animals using a radiolabelled
specific VlaR antagonist '25j Sar^-AVP. ADX significantly decreases (p<0.05)
VlaR binding site density below those of the sham ADX controls. Additionally,
DEX, but not aldosterone, was able to restore VlaR binding in ADX animals to
levels comparable to those of sham controls. Studies are currently in progress to
determine the effects of these steroids on VlaR mRNA in the septum. (Supported
by NS20311, the VA and Pharmacological Sciences Training Grant 670489).

response from dispersed anterior pituitary cells. Female rats were
ovariectomized (ovx) at 4-6 weeks of age and divided into 2 groups. One
group of ovx females received estrogen replacement pellets (ovx + E),
while a second group received placebo (ovx). A third group of female rats
was left intact. Two months later, the stimulatory effects of All on PRL
release were determined in vitro.
Administration of All significantly stimulated PRL release in cells obtained
from intact female donors. All did not stimulate PRL secretion from cells

obtained from ovx + E treated females and was only weakly stimulatory to
cells obtained from ovx rats. These results indicate that estrogen alone is
not responsible for the sensitivity to All stimulation observed in cells from
intact female rats. Also, All did not stimulate PRL secretion from cells
obtained from male rat donors. Scatchard analysis of Sar1-lle8 All binding
revealed no difference between Kj and Bmax values in male and female
anterior pituitaries.
Thus, it appears that anterior pituitary cells from female rats are sensitive
to All stimulation, but that estrogen is not solely responsible for this
sensitivity. This response to All stimulation does not appear to be a
receptor mediated phenomenon since there was no difference in receptor
binding characteristics (Kj and Bmax values) between pituitaries obtained
from male or female rats. (Supported by NIH grant DK 48023 to PC).
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M. Engelmann I. Neumann and R. Landgraf. Max Planck Institute of
Psychiatry, Clinical Institute, D-80804 Munich, Germany.
The neuropeptide arginine vasopressin (AVP) is thought to play an
important role in HPA axis regulation at the level of the paraventricular
nucleus (PVN). The release of AVP within the PVN in response to
physical and emotional stressors was monitored by microdialysis in adult
Wistar rats. Compared to pre-stress values (0.1-1.0 pg/30-min dialysate),
swimming in the Morris water maze increased AVP release (380%,
p<0.01, n=8). Intra-PVN release of the neuropeptide peaked also during
social defeat (226%, p<0.01, n=ll), but was just slightly increased
during exposure to “milder“ stressors (exposure to a juvenile: 160%,
n.s.; novel environment: 137%, n.s., n=8 each ). These data provide
evidence that both physical and emotional stressors are potent to evoke
intranuclear AVP release and confirm the hypothesis of an involvement
of the intracerebrally released neuropeptide in coping with intense stress.
Since plasma corticosterone demonstrated a substantial activation of the
HPA axis in response to all stressors used (Morris water maze: 574%,
p<0.01, n=6; social defeat: 510%, p<0.01, n=6; juvenile exposure:
250%, p<0.01, n = 10; novel environment: 424%, p < 0.01, n = 6) further
studies have to investigate to which extent AVP release within the PVN
contributes to the regulation of the HPA axis activity. Supported by VW.
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SPINAL CORD OXYTOCIN MEDIATES THE PUPIL DILATATION
RESPONSE TO VAGINOCERVICAL STIMULATION IN THE RAT.
G. Sansone*. E.V. Kruck. M. Ganduglia-Pirovano and B.R. Komisaruk. Institute of
Animal Behavior, Rutgers The State University of New Jersey, Newark, N.J. 07102.
The present study was designed to investigate whether oxytocin (OT), which is'
released into the spinal cord after vaginocervical stimulation (VS), mediates responses
to VS. Ovariectomized, estrogen-primed (10 pgEB/100 g bw, SC x 3 d) rats were
used. OT (10 and 25 pg in 5 pl saline) was administered intrathecally (i.t.) at the
lumbar level and all rats were tested for responses to VS (i.e. facilitation of lordosis,
analgesia, pupil dilatation, increase in blood pressure and heart rate). A selective OT
receptor antagonist [dCC^^-TyriMej^-Thri-Tyr-N^^ OVT (OTA, 25 pg in 5 pl
saline) was then administered i.t. and VS (300 g force) was applied to the cervix to
determine which responses, if any, previously mimicked by i.t. OT, could be blocked.
RESULTS: Administration of OT i.t. (10 or 25 pg) produced a significant increase in
pupil diameter (PD) within 1 min (p < 0.05, ANOVA). Significant PD persisted for
20 min (10 pg OT) and for 25 min (25 pg OT) post-injection, respectively. When
OTA was injected i.t., the magnitude of the increase in PD in response to VS
compared to the saline control was significantly reduced within 3 min post-injection (p
< 0.05, ANOVA). The antagonistic effect of OTA was still present 60 min postinjection (p < 0.05, ANOVA). No effect of OTA alone was observed. OT also
significantly increased blood pressure (p = 0.001, ANOVA); however, administration
of OTA did not antagonize the hypertensive effect of VS. No change in heart rate,
analgesia, or lordosis was induced by either OT or OTA. CONCLUSION: The present
findings suggest that OT is a central nervous system transmitter that mediates
specifically VS-produced PD by stimulating the autonomic (sympathetic division)
outflow from the spinal cord. Support: NIH - Fogarty International Center - 1R03TW00394 (BRK).
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OXYTOCIN ANTISENSE REDUCES SALT INTAKE IN THE BARORECEPTOR
DENERVATED RAT. M. Morris*. P. Li. C. Barrett. M.F. Callahan. Dept, of
Physiology and Pharmacology and The Hypertension Center, Bowman Gray
School of Medicine of Wake Forest University, Winston-Salem, NC 27157
Interruption of baroreceptor input to the brain produces a state of salt
sensitivity. In view of the role of oxytocin (OT) in the control of salt intake and
excretion, experiments were performed to evaluate the effect of central
injection of OT antisense oligomers on reduced salt intake shown in
sinoaortic denervated rats (SAD). Paraventicular injection of OT antisense
(AS) decreased intake of 2% NaC in the SAD, but not in the sham operated
(SO)controls. The SAD rats consumed 22±4 ml after mixed base control
injection as compared to 8±4 ml after the OT AS injection (p < 0.05). There
was no difference in the response of the SO controls. Tie SAD animals
demonstrated an increase in the plasma OT response to 24 hours salt
loading (3.2±O.7 to 6.9± O.8 pg/ml as compared to 2.8±O.9 to 4.4±O.9
pg/ml, SAD vs SO), The increased endocrine response occurred even though
salt intake was lower in the SAD animals. There were no group diferences
in plasma electrolytes or posterior pituitary OT content. Results demonstrate
a specific effect of OT antisense in the denervated animal, suggesting that
central OT stimulates salt intake in this model.

(Supported by NHLBI Grant #HL-43178).

EFFECT OF CENTRAL NEUROTENSIN ADMINISTRATION ON FOS
EXPRESSION IN THE RAT BRAIN - RELATING FUNCTION TO
ANATOMY. T.D. EIv*P.D. Lambert R. Gross. C.B. Nemeroff and C.D.
Kilts. Dept, of Psychiatry, Emory Univ. Sch. of Med., Atlanta, GA 30322.
The central administration of the neuropeptide neurotensin (NT) is
associated with robust behavioral, neuroendocrine and hypothermic
responses. The neural substrates and sites of NT-induced alterations in brain
function are unclear. The expression of the immediate early gene c-fos has
been described as a monitor of neuronal activation in response to a range of
stimuli. We have used immunohistochemistry to localize cells activated by
the intracerebroventricular (icv) administration of NT and attempted to
correlate brain regional Fos responses with endocrine or hypothermic effects
to determine related sites of action. Groups of male Sprague-Dawley rats
(n=5) received single icv injections of artificial CSF or NT (0.3, 3 or 3O/xg).
90 minutes following injection, brains were removed, 4Ogm slices were cut
and stained for Fos. NT administration produced a dose-dependent
hypothermia, increase in serum corticosterone and increase in the number of
Fos-positive cells within the central (Ce) and basolateral nuclei of the
amygdala and the paraventricular and supraoptic hypothalamic nucl^ii
Injection (i.p.) of the selective NT antagonist SR48692 30 minutes before icv
injection of NT completely abolished the increase in corticosterone and
attenuated the increase in Fos-positive cells within the amygdala. A strong
correlation was found between the number of Fos-positive cells in the Ce
and the serum corticosterone level for each animal tested (n=16, r=0.72).
These data show that central NT activates neurons within the amygdala and
the hypothalamus and that the effect of NT to increase serum corticosterone
is mediated via an action involving the Ce. Our data further suggests the
existence of multiple central NT receptor subtypes.

806.11

ASTRESSIN, A POTENT CYCLIC CRF ANTAGONIST
J. Rivier, J. GGlvas. M. H. Perrin. S. C. Koerber, S. SStton. A.
Corrigan. S. L. Lahrichi. A. G. Craig. R. Evans*. W. Vale and
Catherine Rivier. The Clayton Foundation Laboratories for Peptide
Biology, The Salk Institute, La Jolla, CA 92037.
Predictive methods, physicochemical measurements (NMR, CD) and
structure activity relationships studies suggest that corticotropinreleasing factor (CRF) and its family members (urotensins and
sauvagine) assume an a-helical conformation when interacting with
the CRF receptor(s). We have scanned the r/hCRF sequence with
several constraining modalities such as an i-(i+3) and i-(i+4) bridge
consisting of the D or L-Glu-Xaa-Xaa-(Xaa)-D or L-Lvs scaffold.
From this series we have identified a unique substitution that resulted
in an antagonist, Astressin (a 30 -peptide) that is >100 times more
potent than the a-helical CRF9.41, 42 times more potent than
[DPhe12,Nle2l>38]r/hCRFi2-4i, our present standard, and 400 times
more potent than the corresponding linear analog in an in vitro
pituitary cell culture assay. As expected, Astressin had very low
affinity for the CRF binding protein and very high binding affinity in a
specific receptor assay. In vivo, Astressin is significantly more potent
and longer acting than any previously tested antagonist at inhibiting
basal or stimulated ACTH secretion. Indeed, Astressin blocked stressinduced ACTH release at less than 0.3 mg/kg, iv in the rat. In an
agonist (a 38-peptide), this structural modification resulted in a 2-fold
increase in potency as compared to the parent linear analog. The
differences in relative potency in the agonist (2-fold loss) and
antagonist (400-fold loss) series between the linear and cyclic forms
suggest that the bridge reinstates a structural motif in the antagonist
equivalent to that brought about by an unaltered N-terminus
octapeptide in the agonist.

CATECHOLAMINE RECEPTORS:
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807.2

THE STATUS OF THE DOPAMINE D2 RECEPTOR (DRD2) LOCUS AS A
SUSCEPTIBILITY FACTOR IN AUTISM: FAMILY ASSOCIATION STUDIES.
S.D. Flanagan*! E. Cook2, E. Courchesne3, A. Lincoln, C. Lord2, B. Leventhal2,
R. Gysirf and R. Courchesne3. 1Beckman Res. Inst, of the City of Hope, Duarte,
CA; 2University of Chicago Hospitals, Chicago, IL; and Children's Hospital, San
Diego, CA.
Case-control studies support the hypothesis that a genetic variant at the DRD2
locus contributes significantly to risk for autism. The hypothesized DRD2 sus-

GENDER, HERITABILITY AND D, RECEPTOR BINDING. S. Kanes*.
S. Sanderson. M. Silverman. E. Rasmussen. L. Cipp. K. Pains. B.
Hitzemann. and R. Hitzemarm. Departments of Psychiatry, Neurobiology
and Pharmacology, SUNY at Stony Brook, NY 11794-8101.
The Dj dopamine receptor specific binding of '^I-SCH 23382 was
determined in discrete brain regions of both male and female C57BL/6 (B6),
DBA/2 (D2), B69D23 Ft cross and F2 cross mice. Data were obtained for
the substantia nigra zona reticulata (SNr), the core and shell of the nucleus
accumbens (NAc) and both the lateral and dorsomedial aspects of the
caudate-putamen (CPu). N = 12/sex for the parental strains and the Fj cross
and 30/sex for the F2 cross. Variance in receptor binding for the F2 cross is
derived from both heritable and non-heritable causes. The non-heritable or
environmental component (Vg) was estimated from the variances seen in the
parental strains and the Ft cross. For the F2 males, significant broad sense
heritability was found in the NAc core (0.75) and the NAc shell (0.60). For
the F2 females, significant heritability was detected only in the NAc shell
(0.71). In comparison to the males, VE for the females was significantly
higher in both the NAc core and the SNr; in the SNr, the difference in
variability was > 300%. Dj receptor binding was generally higher in the
D2 strain, a difference (60%) which was most marked for the males in the
NAc shell. The most marked gender effect was seen in the SNr; receptor
binding for the B6 females was > 100% higher than that of the B6 males.
The F2 cross was genotyped for D13MU13, a microsatellite which is
polymorphic between the B6 and D2 strain and which is closely linked to
Drdl. No association was detected between receptor binding and genotype.

ceptibility factor is neither necessary nor sufficient to cause autism and probably
interacts with other factors, genetic or non-genetic. Linkage disequilibrium with
the DRD2 Taq A1 allele is the subject of considerable controversy concerning its
role as a risk factor in severe alcoholism. Much of the controversy revolves
around limitations inherent in any genetic association study utilizing the casecontrol design. In severe alcoholism, there is the additional problem that
variations in subject recruitment could select for alcoholics possessing different
risk factors, explaining the wide divergence in various reports. By contrast,
autism as diagnosed by well established ADI and ADOS criteria, is unlikely to
be affected by vagaries of subject recruitment; furthermore, the parents of
autistic subjects are readily recruited providing the opportunity for the
calculation of haplotype relative risk in the powerful family association designWe recruited 31 sets of autistic patients and their parents (Courchesne lab), and
found a trend for elevated transmission of the DRD2 TaqAl allele to probands
(X2=3.05, p=O.O8). Data for the DRD2 TaqBl allele, which lies in strong linkage
disequilibrium with the TaqAl allele, were as follows: 12 B1 and 50 B2 parental
alleles were ' transmitted to probands; 3 B1 and 59 B2 alleles were not transmitted (Fisher exact, one-tailed, p=0.01). We have now recruited a separate,
replication sample of 27 sets of probands and parents (Cook lab) to test our
hypothesis that the association of autism with DRD2 TaqBl allele exists. A

portion of this work was supported by the Wacker Foundation.
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GENDER, HERITABILITY AND D2/D3 RECEPTOR BINDING. L,
Cipp*. S. Sanderson. M. Silverman. E. Rasmussen. J. Gatlev. S. Kanes. K.
Pains. B. Hitzemann. and R. Hitzemann. Departments of Psychiatry,
Neurobiology and Pharmacology, SUNY at Stony Brook, n Y 11794-8101.

The receptor specific binding of ,25I-epidepride was determined in discrete
brain regions of both male and female C57BL/6 (B6), DBA/2 (D2),
B69D2S F, cross and F“ cross mice. Epidepride binds with a high affinity
to D2 and D3 but not D4 dopamine receptors. Data were obtained for the
substantia nigra zona compacta (SNc), the ventral tegmental area (VTA), the
core and shell of the nucleus accumbens (NAc) and both the lateral and
dorsomedial aspects of the caudate-putamen (CPu). The binding of 3H-7hydroxy-DPAT was used to determine that D3 receptor binding is < 5% of
the total epidepride binding in all brain regions except the NAc. In general,
there was no difference in the heritability of receptor binding between F2
males and females. Collapsing the data across gender, the broad sense
heritability was SNc (0.56), VTA (0.50), NAc core (0.52), NAc shell
(0.62), dCPu (0.56) and lCPu (0.60). In the NAc core and shell, binding
was modestly higher (10-25%) in the B6 as compared to the D2 strain.
Further, compared to the B6 males, the B6 females showed a significantly
higher receptor binding in the core (+25%). In both the SNc and VTA,
receptor binding was markedly (> 50%) higher in the D2 strain; there were
no gender effects in these regions. The F2 cross (N = 100) was genotyped for
D9Mit22, D9Mit4 and D9Mit21, microsatellites which are polymorphic
between the B6 and D2 strains and which are closely linked to Drd2. The
results show that for both the striatum and midbrain, the D2 allele is
associated with higher receptor density.

GENDER, HERITABILITY AND DOPAMINE TRANSPORTER (DAT)
BINDING. E. Rasmussen*. S. Sanderson. M. Silverman. L. Cipp. B.
Hitzemann. and R, Hitzemann. Departments of Psychiatry, Neurobiology
and Pharmacology, SUNY at Stony Brook, NY 11794-8101.
The DAT specific binding of ’“I-RTI 55 was determined using
quantitative receptor autoradiography in the nucleus accumbens (NAc) core
and shell of both male and female C57BL/6 (B6), DBA/2 (D2), B69D2S F,
cross and F2 cross mice. N = 12/sex for the parental strains and the Fj
cross and 3Q/sex for the F2 cross. Variance in receptor binding for the F2
cross is derived from both heritable and non-heritable causes. The nonheritable or environmental component (Vg) was estimated from the variances
seen in the parental strains and the F, cross. For the F2 males, significant
broad sense heritability was found in the NAc shell (0.80) and the NAc core
(0.75). For the F2 females, significant heritability was detected only in the
NAc shell (0.76). There were no significant differences in VE between
males and females in either brain area. In the NAc shell, DAT binding was
significantly higher in the D2 as compared to the B6 strain; this difference
was most marked for the females (+ 57%). The shell Fj and F“ data suggest
that the B6 genotype is dominant but that significant epistatic effects are also
present i.e. the F2 phenotype is significantly higher than would be predicted
on the basis of a simple dominance/recessive model. The strain differences
in the core are less marked and only significant for the males (D2 > B6).
DAT binding is significantly higher for females in both brain regions. In the
core the difference is most marked for the B6 strain (+ 36%) and in the
shell for the D2 strain (+ 63%). DAT binding is markedly higher in the
core; collapsing across strain and gender, the average difference is 125%.

807.5

807.6

GENETICS AND THE ORGANIZATION OF CHOLINERGIC
NEURONS IN THE MOUSE CAUDATE-PUTAMEN:
CONFIRMATION OF TWO QTL. K.M. Pains*. B.A. Hitzemann and
R.J.Hitzemann. Departments of Neurobiology and Behavior and
Psychiatry and Behavioral Science, SUNY at Stony Brook, NY 11794.
The broad sense heritability of cholinergic cell density, as high as 78%
in some areas of the caudate-putamen (CPu), was determined from the
analysis of C57B1/6J (B6) and DBA/2J (D2) inbred mouse strains and
B6D2 Fj and F2 hybrid crosses. In order to identify genes associated
with this phenotype, quantitative trait locus (QTL) analysis was
performed using 25 strains of the BXD/Ty series. Confirmation of the

GENETICS AND THE HALOPERIDOL-INDUCED INCREASE OF FOS
IN THE MOUSE STRIATUM. N. Patel. B. Hitzemann. and R.
Hitzemann*. Departments of Psychiatry, Neurobiology and Pharmacology,
SUNY at Stony Brook, NY 11794-8101.
Haloperidol and related antipsychotic drugs (those which induce
extrapyramidal symptoms {EPS}) increase striatal Fos expression. The Fos
response in the caudate-putamen (CPu) is blocked by anticholinergic drugs
and markedly reduced after the administration of atypical antipsychotic
drugs such as clozapine. These data support the notion that the Fos response
is predictive of EPS. An alternative method to test this hypothesis is to
compare the Fos response among inbred strains of mice which are
differentially sensitive to haloperidol-induced catalepsy (catalepsy is the
murine equivalent of EPS). The EDW for haloperidol-induced catalepsy in
the DBA/2 (D2) strain is 0.4 mg/kg and in the C57BL/6 (B6) strain is 4.0
mg/kg. Male D2 and B6 mice were administered 0.3 and 1.0 mg/kg of
haloperidol, sacrificed 1 hour later and Fos expression was measured in the
rostral striatum using standard immunocytochemical methods. In the lateral
CPu, Fos expression in response to both doses was on average > 100%
higher in the D2 strain. The pattern was the same in the core of the nucleus
accumbens (NAc) but the magnitude of the difference was less (ca. 50%). In
the shell of the NAc, the difference between the D2 and B6 strains was the
same as in the core at 0.3 mg/kg but began to reverse at 1.0 mg/kg. In the
dorsomedial CPu and depending on the rostral/caudal level sampled, there
was either no difference between strains or the B6 strain showed a greater
Fos response. Thus, only in some brain regions does the Fos response
parallel the behavioral differences in strain sensitivity.

putative QTL was accomplished using 50 B6D2 F2 hybrids phenotyped
for cholinergic cell number. Two possible candidate QTL were revealed

by this analysis, D9Mit2l on chromosome 9, near Drd2, the D2 dopamine
receptor gene, and Dl2Mit7 on chromosome 12, near c-fos. Drd2 is
associated with neuroleptic-induced catalepsy and D2 dopamine receptor
density. c-Fos is induced by muscarinic agonists and antagonists as well
as dopamine antagonists such as haloperidol. Further, as reported
elsewhere at this meeting (Patel et al.), in comparison to the B6 strain,
the haloperidol sensitive D2 strain shows a more marked Fos response in
most regions of the striatum. Overall, the QTL associated with D9Mit2l
and Dl2Mit7 are considered good candidates a) for additional
confirmation in other F2 crosses, b) for the formation of congenic lines
and c) for eventual positional cloning of the relevant gene(s).

SEROTONIN RECEPTORS:
808.1

808.2

FUNCTIONAL AND BINDING STUDIES OF PHOSPHORYLATION
AND GLYCOSYLATION SITE MUTANTS OF 5-HT3 RECEPTORS:
E. I. FI etchcr. MM Sepulveda, T. Green. R. Pi Pnock* and S.C.C. Lmaam.
Division of Neurobiology, LMB and Department of Zoology, University of
Cambridge, Cambridge, UK..
5-HT3 receptors, members of the family of ligand-gated ion channels (Maricq et
al.,1991), possess a number of potential phosphorylation and glycosylation sites. We
have used site-SirecteS mutagenesis of these sites to examine their function in
homomeric 5-HT3 receptors. In particular we have explored the function of
phosphorylation in generating differences observed in the two splice variants of the
5-HT3 receptor, ' which differ by 6 amino acids and a potential phosphorylation site.
Full length 5-HT3R-As (short) DNA was obtained from NlE-115 mRNA using PCR.
Coding sequence for the additional 6 amino acids in the 5-HT3R-A (long) subunit was
inserted using site-directed mutagenesis, as were mutations to remove potential
phosphorylation and glycosylation sites. Sequences were inserted into the eukaryotic
expression vector pRc/CMV and transfected into HEK 293 cells using calcium
phosphate precipitation. Mutants were characterised using radioligand binding and
whole cell patch clamp electrophysiology. Radioligand binding studies with
[/H]granisetron showed that relative potencies of a selection of 5-HT3 receptor
selective ligands were similar (GR65630 > mCPBG > MDL72222 > 5-HT) in long,
short and functional mutant receptors. However patch clamp studies showed differences
in agonist affinity and efficacy (long > short); binding studies also distinguished
between the splice variants: Kd = 0.38 ± 0.03 and 0.24 ± 0.02 (n=4) for long and

short forms respectively. Phosphorylation was not responsible for this observed
change in affinity. The results from the glycosylation studies show that only one of
the potential glycosylation sites (N191) is crucial for ligand binding and function.
Maricq, A.V., Peterson, A.S. Blake et al. (1991) Science 254,432-437
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IDENTIFICATION OF AMINO ACID RESIDUES INVOLVED
IN AGONIST/ANTAGONIST LIGAND RECOGNITION BY THE
5-HT3 RECEPTOR. J.A. Steele. F.G. Boesst. L.J. Steward.
M. Davies* & I.L. Martin. Department of Pharmacology, University
of Alberta, Edmonton, Alberta, Canada T6G 2H7; tp. HoffmannLa Roche AG, Department PRPN, P.O. Box CH-4002, Basel,
Switzerland.
The 5-HT 3 receptor is a member of the ligand-gated ion channel
family. To investigate the importance of certain amino acids in
agonist/antagonist ligand recognition, we have performed sitedirected mutagenesis on the 5-HT3-aL cDNA isolated from
NG108-15 cells. 5 -HT3 receptor mutants were transiently expressed
in HEK 293 cells and characterized using whole-cell patch clamp
electrophysiology and radioligand binding.
The El06D mutation caused a 10-fold reduction in the Kd of

[3H]GR65630, while there was a 100-fold reduction in the Ki for
5-HT in competition with this ligand, compared to wild type. There
was no change in the EC50 value for 5-HT measured with
electrophysiology. However, the Ki and EC50 values for the E106N
mutation were decreased 40-fold and 10-fold, respectively, when

compared to wild type.
E106 appears to be particularly important in agonist recognition
for the high affinity desensitized conformation of the receptor which
is measured by binding, but less so for the low affinity resting
conformation, which is measured by electrophysiology and is integral
to channel activation.
Supported by Glaxo Canada and MRC Canada.
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SOLUBILISATION OF THE 5-HYDROXYTRYPTAMINE3
RECEPTOR RECOGNITION SITE EXPRESSED IN PIG CEREBRAL
CORTEX
S Fletcher* & NM Barnes. Department of Pharmacology, The Medical
School, University of Birmingham, Edgbaston, Birmingham B15 2TT UK

IN VIVO INHIBITION OF K+-EVCXED ACETYLCHOLINE RELEASE BY

5-Hydroxytryptamine3 (5-HT3) receptor recognition sites were solubilised
from homogenates of pig cerebral cortex (1 g original wet weight/mL in 25
mM Tris, pH 7.45) by addition of an equal volume of buffer (25 mM Tris, 2
mM EDTA, 100 gM PMSF, lOgg/mL bacitracin, 10 gg/mL sodium azide, 10
gg/mL soybean trypsin inhibitor, pH 7.45) containing 0-4% Triton X-100.
Maximum yield (35.8% ± 3.2; % mean + SEM, n=5) was obtained using
Triton X-100 at a final concentration of 0.4%.
Preliminary studies suggest that the pharmacological profile of solubilised 5HT3 receptor sites is similar to that obtained for the receptor sites in the crude
homogenates. For example, the antagonists ondansetron and tropisetron, and
the agonist 5-HT, compete for [3H]-(S)-zacopride binding to solubilised
receptor preparations giving similar pKi values to those obtained in crude
homogenate preparations; 8.O9+ 0.08, 7.33 + 0.21 and 6.43 ± 0.12 (mean ±
SEM, n=3) respectively, compared to values of 7.71 ± 0.16, 7.44 ± 0.05 and
6.28 ± 0.02 (mean + SEM, n=3-6) obtained in crude homogenates.

We conclude that the 5-HT3 receptor recognition site expressed in pig brain
has been successfully solubilised, which is an essential prerequisite for
purification of the receptor.
S. Fletcher is recipient of an AJ Clark Studentship from the British
Pharmacological Society.

5-HT3 RECEPTOR ACTIVATION. P. Blandina. I. Ceccarelli. R.

CouadgUi*. ft_ E&pu & &LO«_eiQvannni-

Dipartimento di
Farmacologia Preclinica e Clinica, Universita di Firenze, Firenze,

Italy

Although 5-HT3 receptors are present in the cortex and
hippocampus, their physiological role is not clearly defined. We
show here that 5-HT modulates the release of ACh from cortex and
hippocampus of

freely

moving

rats

using

the

microdialysis

technique. Perfusion flow rate was 3 gl/min. Twenty four hours

after implantation with dialysis fiber, hippocampus or cortex of
male Wistar rats (250 g) released spontaneously 2.5±O.1
pmol/10
min
ACh
(N=87),
measured
by
h Pl C
with

electrochemical detection. Two identical 100 mM K+ stimulations,

given through the dialisys fiber at a 90 min interval, each almost
doubled ACh release. 5-HT (1-50 gM) inhibited

K+-evoked

release of ACh up to about 50% from cortex and hippocampus. The
5-HT3

agonists

phenylbiguanide

1-m-CI-phenylbiguanide

(1-10

gM)

(0.1-10

mimicked

gM)

5-HT

and

effect

in

cortex, but not in hippocampus. The effects of both 5-HT and
phenylbiguanide in cortex were completely antagonized by the

5-HT3

antagonist ICS 205-930 (0.5 mg/kg s.c.), but not by

methiotepin, antagonist at 5-HTMiike and 5-HT2

and not at 5-HT3

receptors. Thus, 5-HT3 receptors may contribute to the role of ACh

in controlling the cortical but not the hippocampal functions.

808.5

808.6

5-HT3
RECEPTOR
AGONISTS
REDUCE
GLUTAMATE
NEUROTRANSMISSION IN THE HIPPOCAMPUS OF THE RAT. K, Batsche*,
and R.Y. Wang. Dept, of Psychiatry, SUNY Stony Brook, Stony Brook, NY, 11794.
We have previously shown that the 5-HT3 receptor agonist 2-methyl-5-HT reduces
both EPSP’s and IPSP’s of CA1 pyramidal cells evoked by stimulation of the
Schaffer collaterals. This action is receptor specific and concentration dependent.
However, others have suggested that activation of 5-HT3 receptors in the
hippocampus can increase GABA release at intemeuron terminals. In the present
study, we further examine the role of 5-HT3 receptors in this area using the more

POTENTIATION OF THE INHIBITORY ACTION OF DOPAMINE BY
THE SEROTONIN, RECEPTOR AGONIST SR57227A ON MESOCORTICOLIMBIC DOPAMINE TARGET NEURONS IN RATS. Jian Yu
Zhang*. Brvan Horan and Rex Y. Wang.
Dept. of Psychiatry and

selective and potent 5-HT3 receptor agonist SR 57227A (SR), appplied either
iontophoretically or via bath. Glutamatergic neurotransmission was elicited either by
Schafffer collateral stimulation or local iontophoresis of glutamate. We used whole
cell current- and voltage-clamp recordings from CA1 pyramidal neurons. Glutamate
was pulsed with an ejecting current adjusted to produce short depolarizations of 7-15
mV. Similar to the action of 2-methyl-5-HT, 'SR consistently reduced PSP’s elicited
by Schaffer collateral stimulation without changing the membrane properties of the
cells. Further, local iontophoresis of SR reduced glutamate-induced depolarizations
to about 50% of control values, while not altering the kinetics of glutamate uptake or
receptor activation or the input resistance of the cell. These actions of SR were
blocked by the selective 5-HT3 receptor antagonists BRL43694 and tropisetron but
not the 5-HTja receptor antagonist (+)-WAY100135. The 5-HTia receptor agonist 8OH-DPAT also inhibited glutamate-induced depolarizations, which was blocked by
(+)-WAY100135. In several cells, SR produced a slow hyperpolarization of the cell’s
resting potential that did not desensitize. It appears from these experiments that 5HT, acting at 5-HT3 receptors, will modulate glutamatergic currents in the CA1 area
of the hippocampus in a manner not directly involving the opening or closing of
membrane ion channels. (Supported by USPHS grants MH41440 and DA07193;
K.B. was supported by NRSA fellowship F31-DAO5532)

Behavioral Sciences, SUNY at Stony Brook, Stony Brook, NY 11794-8790.
We have previously shown that 5-HTs-like receptors in the medial
prefrontal cortical (mPFC) have a permissive role in regulating or gating
the inhibitory action of dopamine (DA). In the present study, we examined
further the effect by which a potent and selective 5-HTs receptor agonist
SR 57227A modulates the depressant action of DA on cells in the mPFC,
hippocampus and nucleus accumbens (NAc), using the techniques of single
cell recording and iontophoresis. We have previously demonstrated that SR
57227A produced a current-dependent depression of the firing of
hippocampal CA1 pyramidal cells and this effect was blocked by the
selective 5-HT, but not other receptor antagonists. The iontophoretic
application of DA (5-80 nA) produced a current-dependent depression of
both spontaneously active and glutamate-evoked firing of cells in the
mPFC, NAc and hipocampus. When SR 57227A was iontophoresed
concurrently with DA at a subthreshold current, it significantly potentiated
the inhibitory action of DA but not GABA. The potentiation was blocked
by the selective 5-HT, receptor antagonist BRL 4647OA. Our results
support and extend the previous finding that 5-HT, receptors play an
important role in modulating the DA’s action. Since the 5-HT3 receptors
are primarily localized in the mesocorticolimbic structures, it is possible
that the simultaneous blockade of DA and S-HTj-like receptors by
clozapine may partially account for its preferential interaction with the
mesocorticolimbic DA system. In addition, this may also contribute to
clozapine’s higher therapeutic efficacy (Supported by MH-41440).

808.7

808.8

ABILITY OF TRICHLOROETHANOL TO MODIFY
5-HYDROXYTRYPTAMINE3
RECEPTOR
MEDIATED
DEPOLARISATION OF THE ISOLATED RAT VAGUS NERVE. KR
Bentley*. KD Johnston. RL Stowe and NM Barnes. Dept of Pharmacology,
Medical School, University of Birmingham, Birmingham B15 2TT UK.
In the present study we assess the ability of trichloroethanol (TCE)
to modulate the function of the 5-HT3 receptor expressed in rat vagus nerve
measured by extracellular recording (Blake JF et al. Br J Pharmacol 95; 291299,1988).
5-HT (10 nM-30 gM) induced depolarizations of the rat vagus nerve (EC50 =
0.97 ±0.13 gM, (mean ± SEM, n = 5)) that were antagonized by the selective
5HT3 receptor antagonist ondansetron (20 nM; pKg = 8.9).
TCE (5 mM) significantly increased the potency and maximal response of 5HT to depolarize the vagus nerve (5-HT; EC50 = 0.5 ± 0.12 gM, mean ± SEM,

DISTRIBUTION OF 5 -HYDROXYTRYPTAMINE3 RECEPTOR
EXPRESSION IN THE HUMAN FOREBRAIN
R.M.C. Parker*1. J. Ge*. P.C. Barber2 .N.M. Barnes1 and J.M.
Barnes* Dept of * Pharmacology & ^Pathology, Medical School,

n = 5). TCE (0.1-10 mM) maximally increased the response to a submaximal
concentration of 5-HT (0.3 gM), TCE pEC>o = 2.55 ± 0.13, (mean ± SEM, n =
3). 5-HT (0.3 gM)-induced depolarisations in the presence of TCE at
concentrations above 10 mM were submaximal.
The selective 5-HT3 receptor agonist, phenylbiguanide (PBG)
induced depolarizations of the isolated rat vagus nerve with near the same
potency as 5-HT (EC50 = 1.49 ± 0.33 gM, mean ± SEM, n = 3) and these were
also potentiated by TCE (5 mM) (PBG; EC50 = 0.28 ± 0.07 gM, maximal
response relative to PBG alone = 124 ± 20% mean ± SEM, n = 3, p < 0.05,
Students paired t-test). Similarly, TCE (5 mM) significantly increased the size
of the depolarisation induced by the low intrinsic activity partial agonist
quipazine (300 nM) whereas, even in the presence of TCE (5 mM), we failed to
detect a response on application of (S)-zacopride (300 nM). The present study
has identified that TCE enhances the potency and the maximal response of 5HT3 receptor agonists to depolarize the isolated rat vagus nerve.
Supported by the MRC.
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University of Birmingham, Birmingham B15 2TT UK.
The distribution of 5-hydroxytryptamine3 (5-HT3)
receptor expression in the human forebrain was assessed using
quantitative receptor autoradiography with [ ^H]-(S )-zacopride and
Northern blot analysis to detect 5-HT3 receptor-A/As receptor
subunit mRNA levels using [32p]riboprobes generated from 5HT3-As cDNA (Hope et al, Eur J Pharmacol 245,187-192,1993).
5-HT3 receptor expression was differentially distributed
with highest levels in the hippocampus (autoradiographic studies
revealed that within heterogeneous structure, the levels of
expression (fmol/mg tissue equivalent; Amersham; mean±SEM, n
= 3-7) were highest in the dentate granule cell layer (l 6±2), dentate

molecular cell layer (8.l±l.2)) and the extrapyramidal system
(autoradiographic studies; caudate nucleus (4.3±O.8), putamen
(4.3±O.8), substantia nigra (2.3±O.6), mean±SEM, n = 3-7). No 5-

HT3 receptor expression was detected in the cerebellar cortex.
In the present studies, 5-HT3 receptor expression in the human
forebrain was highest in the hippocampus and striatum (caudate
nucleus and putamen). Ongoing in situ hybridisation studies may
reveal which neurones express die 5-HT3 receptor.

We are grateful to Drs A.G. Hope, J.A. Peters and Prof. J.J
Lambert for the gift of 5-HT3-As cDNA. Supported by the MRC.
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NEUROCHEMICAL
COMPOSITION
OF
NEURONS
EXPRESSING THE 5-HT3 RECEPTOR. M Morales*. E. Battenberg and
F. E. B Bom. The e cripps Research I mtitute, Neuropharaiacalogy. 1 0606 N.
Torrey Pines Rd., La Jolla CA 92037.

Tie type 3 serotonin receptor (5-HT3R) ia a ligand-gated ion channel whose
presence in tie central nervous system has been established by radioligand
binding and in situ hybridization analysis.
In a previous study ( Soc. Neurosci. Abstr., 20:1156), we combined in situ
hybridization and immunocytochemistry techniques to identify neurotransmitters
present in 5-HT3R expressing cells. We detected a substantial number of neurons
expressing both 5-HT3R and gcmmc-cmino butyric acid (GABA) throughout the
brain. To further characterize the 5-HT3R/GABA expressing neurons we
investigated if the neuropeptides somatostatin (SS) or cholecystokinin (CCK)
were present in 5-HT3R expressing neurons. While SS was not found in 5HT3R expressing neurons, co-expression was found for 5-HT3R and CCK. As
subpopulations of GABAergic cells might contain different Ca2+-binding
proteins (calbindin, calretinin or parvalbumin) we sought to determine if any of
these proteins were present in 5-HT3R expressing cells. We found that while
calbindin did not co-localize with 5-HT3R transcripts, limited co-localization was
found for calretinin, whereas, parvalbumin (PV) was often found in cells
expressing 5-HT3R.
We conclude that the inhibitory 5-HT3R/GABA intehneuhons may be basket
cells that coexist with parvalbumin or CCK. Our data on the presence of 5HT3R/CCK-containing neurons in cortex and hippocampus provide anatomical
evidence that activation of local 5-HT3R/CCK expressing cells might participate
in the release of CCK in cortex and the hippocampus.
Supported by Grant AA 06420

SEROTONIN

809.6

809.2

SELECTIVE MODULATION OF TRYPTOPHAN HYDROXYLASE AND TYROSINE
HYDROXYLASE EXPRESSIONS BY S-20342 IN THE RAT BRAIN.
S. Rajson1.
D. Weissmann^ M.C. Rettori*2. H.-P. Husson3. P. Renard2. B. Guardiola-Lemaitre2 and
J.-F. PtiolL IcNRS-UCB. UMR 105, Rue G. Paradin, 69372 Lyon; 2I.R.I.SERVIER, 6 PI.
des PI6iades, 92415 Courbevoie; 3Laboratoire de Chimie Thdrapeutique, 4 ave de

EVIDENCE FOR PRESYNAPTIC COMPENSATORY CHANGES IN
SEROTONERGIC NEURONS FOLLOWING DESTRUCTION WITH 5, 7DIHYDROXYTRYPTAMINE. A.C. DeVries, F.S. Hall. M. Linnoila* and A..Psrt.
NIMH and NIAAA, Bethesda, MD 20892.
Following selective neurotoxin induced lesions of the nigho-athiatal
dopamine (DA) system, it has been found that pheaynaptic compensatory changes
take place in the remaining populations of DA neurons sufficient to normalize the
extracellular concentrations of striatal DA. The purpose of the present study was to
determine whether the serotonergic (5-HT) system has similar characteristics
following neuronal destruction. Rats implanted with michodialyaia guide cannulae
in the striatum received intracerebroventricular injections of either 0, 50, 100, 150,
or 200 pg of 5,7-dihydhOxythyptamine (5,7-DHT, a selective 5-HT neurotoxin).
Two to three weeks later the animals were tested beraviohally, and then had a
CMA-11 microdialysis probe introduced into the striatum. Twenty four hours later
microdialysis samples were collected at 30 min intervals and analyzed for 5-HT
content with standard HPLC-EC procedures using a microbore column. Lesions
produced by the highest concentrations of 5,7-DHT (200 pg) proved to be
anxiolytic while lesions produced by lower concentrations of 5,7-DHT (150 and
100 pg) were anxiogenic as assessed with an elevated plus-maze. Low and medium
doses of 5,7-DHT failed to alter significantly extracellular levels of 5-HT in the
striatum while reducing tissue levels across a variety of terminal and perikaryal
regions. Only the highest dose of 5,7-DHT was able to decrease striatal
extracellular 5-HT, which was also accompanied by sustantial striatal depletions of
tissue 5-HT. It appears that presynaptic compensatory changes take place in 5-HT
neurons following lesioning similar to those seen in the dopaminergic systems.

rObservatoire, 75006 Paris, FRANCE.
S-20342 (-N-I(1R,4R,9aS)-4-phenyl octahydropyrido [2,1-c] [1,4] oxazin-1-yl] 3,4,5trimethoxybenzamide) is a new chemical entity with an unexpected neurochemical and

behavioral profile: although devoid of any affinity for 5HT and DA receptor subtypes, it
produced in animal models anxiolytic-like and antipsychotic-like effects^. In this study,

tryptophan hydroxylase (TpOH) protein was quantified by dot blot analysis in steady-state
conditions and 12 hours after a single injection of pchlorofhenylalanine (ip; 300 mg/kg), to

estimate the apparent disappearance rate of TpOH protein, in control and S-20342 treated
rats (ip; 30 mg/kg). This quantitative analysis was performed in the mesencephalic
serotoninergic cell body groups, the raphe dorsalis (RD) and centralis (RC) nuclei as well as
in their respective terminal areas, the neostriatum and the hippocampus. The timecourse
effect, performed 1, 2,3,4 and 6 days after S-20342 injection showed a significant increase
in the steady-state content of TpOH in the RD at day 4. The turnover rate of TpOH was
highly enhanced in both RD and RC, by 18% and 21% respectively, at day 1, and by 57%
and 45% at day 4. Furthermore, a highly significant increase in TpOH mRNA content was
quantified by in situ hybridization, 12 hours after S-20342 injection, in the RD. A slight
increase in TpOH protein content was observed in the hippocampus but no modification was
measured in the neostriatum. Interestingly, tyrosine hydroxylase protein was significantly
increased at day 3 in the ventral tegmental area but neither in substantia nigra nor in locus
coeruleus. These results suggest that S-20342 would potentially induce TpOH protein, which
is of particular interest to further study the regulation of TpOH expression.
W M.C. RETTORI et al. - XIIIISMC Congress - Paris, France, 19-23 Sept. 1994

809.3

809.4

AN ANTISENSE OLIGONUCLEOTIDE TO TRYPTOPHAN
HYDROXYLASE HAS DIFFERING EFFECTS ON INDICES OF
SEROTONERGIC FUNCTION. F. S. Hall*. A. Pert. P.A.
Nielsen. M. Linnoila Laboratory of Clinical Studies/DICBR, NIAAA
and Biological Psychiatry Branch, NIMH, Bethesda, MD 20892
The effects of an antisense phosphothioate oligonucleotide
aimed at position 123 of rat tryptophan hydroxylase mRNA (5’ TGT
CTT CAA TCA TGG 3’) was compared to a random sequence (5’
TCG AAT CGT TAA TCG 3’). The compounds were administered
directly into the median raphe nucleus via an injector inserted into an
indwelling guide cannula (AP -7.7, ML +0.0, DV -7.5) in male
Sprague Dawley rats. Subjects received 3 injections of 1 nmol
oligonucleotide in lul of saline at 12 hour intervals. Twenty-four
hours after the last injection the subjects were decapitated and discrete
brain regions were dissected from the tissue: frontal - cortex, ventral
striatum, dorsal striatum, hypothalamus, hippocampus, dorsal raphe
nucleus, and median raphe nucleus.
Tissue samples were
subsequently analyzed for serotonin, dopamine, norepinephrine and
5-hydroxytryptophan content using HPLC-EC. Prior to sacrifice,
food consumption was found to be increased in antisense-treated
subjects and open-arm entries in the elevated plus maze were
decreased compared to control subjects. In these subjects tissue
serotonin, 5-hydroxytryptophan, dopamine and norepinephrine
content were unalterred. Investigations are underway to examine
other neurochemical indices of serotonin function which might
account for the observed behavioral differences in antisense-treated
subjects.

Effect of Estrogen (E) and Progesterone (P) on the Expression of Tryptophan
Hydroxylase (TPH) mRNA in the Raphe Nucleus of Non-human Primates.
M. Peons-Thompson. N.A. B-own. C.L. Bethea*. Division of Reproductive
Sciences, Oregon Regional Primate Research Center, Beaverton, OR 97006
P increases prolactin secretion in E-primed female monkeys through a
neural mechanism and serotonin (5HT) is a stimulatory transmitter for
prolactin. This laboratory has shown that E induces progestin receptors in
5HT neurons. To determine whether E or P alters the function of 5HT neurons,
the expression of mRNA for tryptophan hydroxylase (TPH) was examined in
ovariectomized (ovx)-control, E treated (28 days) and E+P treated monkeys
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(14 days E + 14 days E+P) using in situ hybridization and a 248 bp TPH probe
generated with RT-PCR (n=3 animals/group). Perfusion fixed midbrain
sections (lOp) were hybridized at 4O°C with 35s antisense cRNA directed
against the 5' substrate binding domain of monkey TPH. Adjacent sections
were immunostained for 5HT to confirm the location of the dorsal raphe (DR).
After a final wash in 0.1X SSC at 5O°C, sections were opposed to tritum
sensitive film for 14 days. Densitometric analysis with graylevel
thresholding was performed at 3 or 4 levels of the DR. The number of pixels
exceeding background in defined areas was obtained (pixel number) and
normalized by the total number of pixels counted (pixel fraction). There was a
10 fold increase in TPH mRNA signal represented by both pixel number and
pixel fraction in E treated macaques compared to ovx controls (p < 0.05).
Supplemental P treatment reduced TPH mRNA expression from E levels in 2/3
animals but the average TPH mRNA level in E+P treated animals remained 4
fold higher than in ovx controls. These data indicate that E induces TPH gene
expression in non-human primates. The effect of E+P on TPH mRNA was
variable with the average level falling between the ovx group and the E
treated group. Supported by HD17269, HD18185, DK9O98, RR00163
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EFFECTS OF ALTERED L-TRYPTOPHAN AVAILABILITY ON THE BRAIN
RELEASE AND TURNOVER OF SEROTONIN IN PORTACAVAL SHUNTED
RATS AS ASSESSED BY IN VIVO MICRODIALYSIS. P.B.F. Bereovist*. S.
Hjorth. G. Apelqvist. and F. Bengtsson. Depts of Clin Pharmacol, Lund Univ Hosp,
221 85 Lund, and Pharmacol, Univ of Gothenburg, 413 90 Gothenburg, Sweden.
A large body of evidence suggests that the neuropsychiatric syndrome seen in
liver failure, hepatic encephalopathy (HE), is associated with an increased brain
turnover (t.o.) of serotonin (5-HT). However, in a recent study we showed an unaltered neuronal release of 5-HT in chronic HE as reflected by unchanged dialysate
5-HT levels in the brain of portacaval shunted (PCS) rat. In the present study we
studied the frontal neocortical extracellular levels of 5-HT and its main metabolite
5-HIAA at basal HE conditions and after a provocation of the 5-HT system by systemic administration of the precursor amino acid L-tryptophan (L-TRP; 1 loading
dose of 280 mg/kg i.p. followed 3 hours later by 5 consecutive iterations of 50 mg/
kg during 5 hours). Brain 5-HT t.o. was also determined by studying brain extracellular accumulation of 5-HIAA following systemic administration of probenecid
(200 mg/kg i.p.), an inhibitor of the brain outtransport mechanism of 5-HIAA.
While the basal extracellular 5-HT levels were unaffected by the PCS procedure the
5-HIAA levels were elevated (p<0.05) in the PCS rats compared with controls confirming the contention that increased brain 5-HT t.o. in HE is not associated with an
increased neuronal release of 5-HT. Following the L-TRP administrations the 5-HT
levels did not change either in PCS or control rats. The 5-HIAA levels, however, increased both in the PCS rats but especially in the controls. This finding may indicate
that the 5-HT t.o. in the control rats are more susceptible to increased L-TRP
availability. The probenecid treatment resulted in a similar 5-HIAA accumultaion in
PCS and control rats. This similar time-course for the 5-HIAA accumulation might
indicate that the increased extracellular 5-HIAA levels and, hence, the increased 5HT t.o., is a phenomenon partly due to inhibition of the brain 5-HIAA outtransport.

SEASONAL VARIATION IN NEUROENDOCRINE AND MOOD
RESPONSE TO L-TRYPTOPHAN INFUSION IN DEPRESSED PATIENTS
AND HEALTHY SUBJECTS. A. Cappiello*. R. T. Malison. C. J. McDougle. S.
VegSO.. D. S. Chamev. G. R, Heninger. L. H. Price. DepL of Psychiatry, Yale
University School of Medicine, New Haven, CT 06519.
Recent repots suggest that seasonal variation of mood disorders might be related to
alteration in rhythmicity of serotonin [5-HT] function. In this study we examined
seasonal effects on the neuroendocrine and mood responses to i.v. infusion of the 5-HT
precursor L-tryptophan (L-TRP) in depressed patients and healthy subjects. Methods:
126 drug-free patients with DSM-ID-R major depression and 58 healthy comparison
subjects participated. After an overnight fast, subject received an i.v. infusion of LTRP 7 g. Blood was obtained for determination of serum prolactin (PRL), growth
hormone (GH), and tryptophan levels. Visual analogue scales were used to assess
mood. Results: Cosinor analysis revealed seasonal variation in peak change (A) PRL
in the combined depressed patients (p<.02) and in unipolar (p<.04), nonmelancholic
(p<.003), and nonpsychotic (pcOO7) subgroups, with winter acrophases and summer
troughs; healthy subjects showed no seasonality. Peak A GH showed seasonal variation
in healthy subjects (April acrophase and February trough, p<.01), but not in depressed
patients. Baseline tryptophan levels demonstrated summer peaks and winter. troughs in
the combined depressed group (p<.01) and in unipolar (p<.OO9), nonmelancholic
(p<.O2), and nonpsychotic (p<.03) subgroups. A negative correlation was found
between peak A PRL and tryptophan levels in combined depressed (p<.O2) and unipolar
patients (p<.04). Baseline Gh levels also manifested seasonal variation in the
combined depressed (p<.01) and in bipolar (p<.01), melancholic (p<.001),
nonpsychotic (p<.04), and psychotic (p<OO7) patients. Conclusions: Our data are
consistent with previous evidence that central 5-HT function is abnormal in depressed
patients and further suggest a seasonal variability of such abnormalities that is absent
in healthy subjects. Seasonal patterns of 5-HT function confined to specific diagnostic
subgroups suggest that the pathophysiologies of clinically discrete mood disorder
subgroups may be heterogeneous.

809.7

809.8
ROLE OF NITRIC OXIDE (NO) IN PENILE ERECTION AND
YAWNING INDUCED BY 5-HTlc RECEPTOR AGONISTS. A_
Arqiolas* & M.R. Melis. Bernard. B. Brodie Dept.
Neurosci., Cagliari Univ., 09124 Cagliari, Italy.
The effect of NG-nitro-L-arginine methyl ester
(NAME) and N°-monomethyl-L-arginine (NMMA), two
inhibitors of NO synthase, given into a lateral
ventricle (i.c.v.) on penile erection and yawning
induced by 1-(3-chlorophenyl)-piperazine (m-CPP)
andN- (3-trifluoromethylphenyl) -piperazine (TFMPP)
two selective 5HTlc receptor agonists, was studied
in male rats. Both NO synthase inhibitors (50-500
Mg) prevented dose-dependently the behavioral responses induced by m-CPP (0.5 mg/kg s.c.) or by
TFMPP (1 mg/kg s.c.), NAME was about 4-5 times
more potent than NMMA while D-NMMA, which does not
inhibit NO synthase, was ineffective. The inhibitory effect of NAME on m-CPP and TFMPP responses
was prevented by the co-administration of Larginine (1 mg i.c.v.). m-CPP- and TFMPP-induced
penile erection and yawning was prevented also by
the i.c.v. administration of LY 83583 (50-200 Mg)
or methylene blue (50-400 Mg) , two inhibitors of
guanylate cyclase but not by reduced hemo-globin

THE STIMULATION OF FORWARD LOCOMOTION ELICITED BY MK-801 IS
ABOLISHED BY LOW DOSES OFTHE5-HT2A ANTAGONIST MDL 100,907
P. Martin*, N. Waters, S. Holm, A. Carlsson and M. L. Carlsson.________________
Division of Pharmacology, Univ. of Gdteborg, Medicinareg. 7, S-413 90 , Sweden.
1, In a previously published report (P. Martin et al., J Neural Transm [Gen Sectj
1994; 95 :113-121), the dopamine D-l-antagonist SCH 23390, was more efficient
than the D-2-antagonist raclopride, in counteracting the hyperactivity induced by the
non-competitive NMDA-receptor antagonist MK-801. However, SCH 23390, besides
its D-l affinity, has been shown to have affinity for 5-HT2-receptors. 2. Here, 3
compounds selective for the D-l, D-2 and 5-HT2a-receptors, respectively, were tested
concerning their effect on normal locomotion and MK-801-induced (0.3 mg/kg i.p.)
hyperlocomotion in mice. 3. The D-l antagonist SDZ 219-958 (0.017-0.15-1.35
mg/kg i.p.) dose-dependenlly counteracted the MK-801-induced locomotor
stimulation. However, this was also the case for the 5-HT2a-receptor antagonist
MDL 100,907 (0.001-0.01-0.1 mg/kg i.p.), which even abolished (0.1 mg/kg) the
MK-801-induced hyperlocomotion, with relatively less influence on locomotion in
normal animals. 4. Finally, the effect in normal and MK-801 pretreated mice, of the
concomitant administration of either of the D-l or the D-2 antagonist (raclopride)
with the 5-HT2a*antagonist, was investigated. Protocols based on orthogonal design
matrices were used. Data was subjected to multiple regression and the results
presented as 3-dimensional response surface graphs. The main finding of these
experiments was that regression coefficients for MDL 100,907, being insignificant in
normal mice, became larger and highly significant in mice pretreated with MK-801.
5. In conclusion, low doses of the 5-HT2a-receptor antagonist MDL 100,907 given
alone or during simultaneous blockade of D-l or D-2 receptors, have a strong
inhibitory effect on MK-801-induced hyperlocomotion in mice. The equally strong
inhibitory effect, in this respect, reported earlier with SCH 23390, is not explained
solely by its D-l antagonistic properties, and might partly be due to its affinity for 5HT2-receptors.

(50-400 Mg), a NO scavenger. The results suggest
that central NO is involved in 5-HTlc receptor
agonist-induced penile erection and yawning.

809.9

809.10

THE SEROTONIN 5-HTt ^ SELECTIVE AGONIST, DOI ELICITS HEAD
TWITCH FOLLOWING DIRECT INJECTION INTO THE MEDIAL
PREFRONTAL CORTEX OF RATS. David L. Willins* and Herbert Y. Meltzer.
Laboratory of Biological Psychiatry, Case Western Reserve University,
Cleveland, Ohio 44106
The systemic administration of selective serotonin-2 (5-HTJ receptor
agonists produces a characteristic head twitch response (HTR) in rodents.
The selective 5-HTj-; agonist, DOI produces a HTR following bilateral
injection into the medial prefrontal cortex (mPFCx) of male, Sprague-Dawley
rats. This response was dose-dependant for doses ranging from 0 to 57
nmoles/0.5 pl/side, and was reversed by pretreatment with ketanserin (2.5
mg/kg, i.p.). In addition, pretreatment of rats with either clozapine (1 mg/kg,
i.p.), amperozide (5 mg/kg, i.p.), remoxipride (10 mg/kg, s.c.) or SCH2339O

VOLTAMMETRIC MEASUREMENT OF SEROTONIN IN THE
SUBSTANTIA NIGRA PARS RETICULATA OF FREELY MOVING
RATS. J.L. Gongora-Alfaro*. S. Hernandez. F.
Heredia, J.L. Bata. G. Arankowskv. J. Aceves and
D. Martinez-Fooq, Centro de Investig. Regionales,
Universidad Autonoma de Yucatan, Mexico, 97000.
The substantia nigra pars reticulata (SNr)
receives serotonergic innervation from the raphe
nuclei. Using differential pulse voltammetry with
carbon fiber microelectrodes (CFM) we have measured the extracellular concentration of serotonin
(5-HT) in the SNr of freely moving rats (n=5) .
Thirty six hours after implanting the CFM, an
oxidation peak was measured at +277 mV. Allopurinol (20 mg/kg, i.p.) reduced the peak height to
55 ± 4%, indicating the contribution of uric acid
(15.5 ± 4.4 mm) to the oxidation peak. Pargyline
(40 mg/kg, i.p.) caused a further reduction of
the peak height to 32 ± 3%, indicating that
5-HIAA (1 ± 0.1 mM) also contributes to the peak.
The remaining peak was considered to be 5-HT
because it appeared at +307 ± 6 mV and was
increased by the 5-HT reuptake blocker duloxetine. The basal concentration of 5-HT (45.6 ±
10.8 im) could be aai overestinmition due to the
inhibition of 5-HT metabolism by pargyline. It is
concluded that 5-HT is released in the SNr. (Supported by grant 1831-M9211 from CONACyT', Mexico.)

(50 pg/kg, s.c.) also inhibited DOI-induced head twitch. Intra-cortical
administration of MK-212, a serotonin agonist which has 100-fold greater
selectivity for the S-HT^ receptor than the 5-HT^ receptor, did not produce
a HTR when administered at a dose of 34 nmoles/0.5 pl/side. Chronic
treatment of rats with antipsychotic drugs has been shown to alter both
serotonergic and dopaminergic receptors. Twenty-one day treatment of rats
with either clozapine (20 mg/kg/d, p.o.) or haloperidol (0.5 mg/kg/d, p.o.)
inhibited the HTR to DOI. Finally, pretreatment of rats with baclofen, a
GABAb receptor agonist, was shown to produce a bi-phasic alteration of the
HTR to DOI. While a higher dose of baclofen (3 mg/kg, sc) produced a
marked inhibition of DOI-induced head twitch, a low dose (0.6 mg/kg, sc)
potentiated this response. These data suggest that activation of 5HT2A
receptors in the mPFCx stimulates a HTR which may involve dopaminergic
as well as GABAergic mechanisms. (Supported by National Alliance for
Research on Schizophrenia and Depression)
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Neurochemical and behavioral correlates in post-hypoxic
myoclonus: an in vivo microdiaiysis study. A.G. Kanthasamv*.

SEROTONERGIC MODULATION OF AUDITORY EVOKED POTENTIALS IN BEHAVING CATS. G. Juckel, M. Molnar, U.
Heqerl, V. Csepe, G. Karmos (SPON: European Neuroscience Association). Depts. Psychophysiology,
Freie Universitat Berlin (Germany) and Academy
of Sciences Budapest (Hungary).
Several findings suggest that the stimulus
intensity dependence of auditory evoked poten
tials is modulated by the brain serotonin system
Epidural recordings over the primary and secondary auditory cortex were conducted in chronically implanted cats under drugs influencing the
serotonergic system administered either i.v. or
by local injection into the dorsal raphe. The
intensity dependence was increased after block
ing serotonergic activity presynaptically and
decreased after stimulating this activity. Postsynaptically, modifications of 5-HT.
and 5-HT?
receptors, but not of 5-HT.
receptors, changed
the intensity dependence. THe serotonergic modulation of the intensity dependence was stronger
in the primary than in the secondary auditory
cortex, possibly corresponding to the known different serotonergic innervation of the two areas.
The serotonergic system seems to modulate the
initial stage of auditory processing, since only
the first component of the evoked potentials was
affected by the serotonergic interventions.

T.Q. Vu. S.P. Jaw and D.D. Truong. Parkinson & Movement Disorders

Laboratory, Dept, of Neurology, Univ. of California, Irvine, CA 92717.
To evaluate the neurochemical dynamics of serotonergic and
dopaminergic systems in post-hypoxic myoclonus, the extracelluar
release of serotonin (5-HT), dopamine (DA) and their metabolites

were determined using in vivo microdiaiysis.

Basal and stimulated

release of 5-HT, 5-HIAA, DA and DOPAC were monitored in the

prefrontal cortex of a stimulus-sensitive myoclonus model. KCI (100
mM) or NMDA (500 pM) were locally infused to evoke the release of

neurotransmitters. Basal levels of these neurotransmitters were
unaffected among the three groups (control, post-hypoxic, post
hypoxic-recovered rats).

A significant reduction (p <0.01) in KCI-

and NMDA-stimulated release of 5-HT and DA was observed
between control and post-hypoxic rats. The depolarization-induced

reduction in 5HIAA was markedly elevated in post-hypoxic rat as
compared to controls.
These neurochemical changes returned

close to normal levels in post hypoxic-recovered rats.
A linear
relationship was obtained between neurochemical alterations and
behavioral quantitation of myoclonus. These data suggest that a
synergistic hypofunctioning of stimulus-induced serotonergic and
dopaminergic terminals in mesocortical regions may contribute to
the behavioral expression of post-hypoxic myoclonus. (Supported

by Myoclonus Research Foundation).

809.13

809.14

EFFECT OF REPEATED EXPOSURE TO FORCED
SWIMMING STRESS ON EXTRACELLULAR LEVELS OF
5-HT IN THE RAT. L. ' Kirbv*and I. Lucki. Departments of
Psychiatry and Pharmacology, Institute of Neurological Sciences,
University of Pennsylvania, Philadelphia, PA 19104.
Previous work using in vivo microdiaiysis demonstrated that
forced swimming produces regionally-selective changes in extracellular 5-hydroxytryptamine (5-HT) in rats (Kirby et al., Brain Res.,
1995, in press). Swimming produced increases of 5-HT in striatum,
decreases of 5-HT in amygdala and lateral septum, and did not
change 5-HT in frontal cortex and hippocampus. This study
examined these neurochemical changes after repeated exposure to
the swim stress. Cannulae were implanted under surgical anesthesia
into either striatum or lateral septum. One week later, dialysis probes
were lowered through the cannulae and dialysis samples collected
before, during, and after a 15 min swim exposure. This dialysis
procedure and swim exposure was repeated the following day.
Dialysate content of 5-Ht and 5-hydroxyindole-acetic acid (5HIAA) were measured by HPLC. On the first test day, swim
produced an elevation of extracellular 5-HT by 60% over baseline in
striatum and a reduction to 40% below baseline in lateral septum. On
the second day, swim had no effect on 5-HT in either brain region.
On both days, however, swim produced decreases in 5-HIAA in both
regions to 40-50% below baseline. These results suggest that there is
an adaptation of the regionally-specific effects of forced swimming
on extracellular 5-HT, but not of 5-HIAA, over repeated exposure to
the stress. Supported by USPHS grants MH 17168, MH36262, and MH 48125

809.15
PERIPHERAL AND CENTRAL INDICES OF
SEROTONIN FUNCTION AND IMPULSIVITY. C
Reist*. D. Helmeste. L. Albers. S.W. Tang. UC-Irvine,
Psychiatry Service, VA Medical Center, Long Beach,
CA, 90822.
A large body of literature exists implicating serotonin
in psychiatric and behavioral disorders. There is
evidence for its role in suicide, aggression and other
behaviors characterized by impulsivity. Efforts continue
to refine serotonergic challenge paradigms and to develop
new tools to examine this system at the molecular level.
In the present study hormonal response to oral paroxetine
was examined for use as a serotonergic challenge agent in
a group of healthy subjects. Platelet 5HT2A mediated
intracellular calcium response to serotonin was also
measured to assess signal transduction. Paroxetine
elicited a robust cortisol response which was directly
correlated with the magnitude of platelet calcium
response. Both of these measures were inversely
correlated with the trait of impulsivity as measured by the
Barratt Impulsivity Scale. These results suggest that
paroxetine has utility in studying serotonergic systems.
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EFFECT
OF
FORCED
SWIMMING
STRESS
ON
EXTRACELLULAR LEVELS OF 5-HT IN THE DORSAL RAPHE
NUCLEUS OF THE RAT. J. M. Chou*. L. G. Kirby, and I. Lucki.
Depts. of Psychiatry and Pharmacology, Inst, of Neurological Sciences,
University of Pennsylvania, Philadelphia, PA 19104.
The effect of forced swimming for 30 minutes on extracellular
levels of 5-hydroxytryptamine (5-HT) and its major metabolite,
5-hydroxyindoleacetic acid (5-HIAA) were examined in the dorsal raphe
nucleus, a region containing 5-HT cell bodies. Extracellular levels of 5HT and 5-HIAA were measured using in vivo microdiaiysis with
electrochemical detection with 10 min resolution. A dialysis probe was
implanted into the dorsal raphe nucleus under surgical anesthesia on the
day prior to the study. The next day, dialysate samples were collected
for 70 min to establish baseline. Forced swimming initally produced a
40% decrease in raphe extracellular concentrations of 5-HT and 5-HIAA.
5-HT concentration remained supressed for approximately 2 hours
following the swim. 5-HIAA concentration remained reduced for 30
min, but rebounded to increase 20% above baseline 2 hours after the
swim. This indicates that 5-HT metabolism in the dorsal raphe nucleus
was likely increased while 5-HT release was reduced by the forced swim.
Previous work in our laboratory has shown that forced swimming
produced a regionally- selective pattern of changes in extracellular 5-HT
(Kirby et al., Brain Res.. 1995, in press). Since forced swimming is used
as a screen for antidepressant drug effects, it is possible that regional
changes in levels of 5-HT may play a selective role in mediating the
behavioral effects of antidepressant drug treatments. Supported by

USPHS grants MH 17168, MH36262, and MH 48125
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ATP-INDUCED OSCILLATIONS OF CYTOSOLIC CA2+
ACTIVITY IN CULTURED ASTROCYTES AND IN GLIOMA
CELLS. G. Reetz . Institute of Neurobiochemistry, University of
Magdeburg, Leipziger Str. 44, 39120 Magdeburg, Germany.
Continuous stimulation with ATP induced [Ca2+]j oscillations (12/min) in cultured astrocytes from newborn rats and in rat glioma cells
(C6-4-2). The initial [Ca2+]i response to ATP resulted from InsP3-

induced Ca2+ release, whereas the subsequent oscillations were

dependent on both InsP3-sensitive Ca2+ stores and Ca2+ influx.
Depolarization by 50 mM [K+]ex resulted in a transient Ca2+ response in
astrocytes, presumably due to activation of voltage-dependent Ca2+

channels. In C6-4-2 glioma cells, [Ca2+]i oscillations were also induced

by bradykinin. Simultaneous recording of membrane potential showed
that the oscillations of [Ca2+], and of membrane potential in glioma cells
were synchronous. The oscillations were affected by the K+ equilibrium
potential and by blocking K+(Ca2+) channels, indicating a potentiation of
Ca2+ influx by membrane hyperpolarization. Whole-cell patch-clamp
experiments indicate a conductance for Na+ and for Ca2+.

The oscillations were also influenced by hypotonic and by hypertonic
medium in glioma cells as well as in astrocytes. We conclude that in glial
cells there is a feedback regulation between cell volume and [Ca2+]j. The
experiments indicate

a

possible

physiological

function

of Ca2+

oscillations in volume regulation of glial cells.

A DETERGENT, CYTOCLEAN, HAS SELECTIVE ACTIONS ON LIGAND-GATED
ION CHANNELS EXPRESSED IN XENOPUS OOCYTES. T.K. Machu*1, S.J. Mihic2
X.-P. Qian1, and J.E. Dildy-Mayfield2 'Dept, of Pharmacology, Texas Tech University
Health Sciences Center, Lubbock, TX 79430 2Dept. of Pharmacology, University of
Colorado Health Sciences Center and VA Medical Center, Denver, CO 80262
Cytoclean was observed to have selective actions on ligand-gated ion channels.
Responses o^al and a2 glycine receptors expressed in Xenopus oocytes were 3 to 5 fold
higher with solutions prepared in glassware that had been washed with Cytoclean than
with solutions prepared in glassware that had been extensively washed with ethanol and
Nanopure water. Cytoclean (0.001%-0.01%) potentiated 50 pM glycine responses in
oocytes expressing a2 glycine receptors by 23 + 7% to 342 + 43%. Cytoclean is
composed of 4 reagents dissolved in water, and these reagents were tested individually for
their abilities to modulate responses of oocytes expressing a2 glycine receptors.
Tetrapotassium phosphate, sodium xylene sulfonate, and Triton X-100 (1-10 fold of their
respective concentrations in Cytoclean) minimally potentiated 50 pM glycine mediated
currents. Approximately 10% of Cytoclean is composed of Biosoft D62, which at
concentrations of 0.00005%-0.001%, potentiated 50 pM glycine responses by 13+1% to
474+50%. Biosoft D62 is composed of ethanol (29%) and linear alkylbenzene sulfonate
(>95% C12 chain), Dodecanol is used in the synthesis of Biosoft D62 and represents no
more than 15% of this reagent. Neither the concentration of ethanol (~5 mM) nor
dodecanol (~ 4 pM) that is present in the highest concentration of Biosoft D62 tested had
any effect on 50 pM glycine mediated currents, suggesting that the reagent responsible for
the potentiation of glycine receptor function is linear alkylbenzenesulfonate. The effects
of Cytoclean were examined on 5-HT3, GABAa , and kainate/AMPA receptors expressed
in Xenopus oocytes. Cytoclean had no effect on 5-HT3 nor GluR6 receptor function, but
Cytoclean (0.005% and 0.01%) inhibited GluR3 mediated currents by -21% and 41%,
respectively. Enhancement of GABAa receptor function ranged from 21+2.3% to
458+142% with Cytoclean (0.0001% to 0.01%), respectively. These results suggest that
trace amounts of Cytoclean adhering to glassware may confound experimental results.

810.3

810.4

EXAMINATION OF BOVINE APO-OPSIN AS A MODEL OF
LIGAND BINDING RECEPTORS. W.A. Clark*, J.C. Gutierrez,
and J.K. Northup. Lab of Cell Biology, National Institute of
Mental Health, Bethesda, MD 20892-4090.
Rhodopsin and the associated G-protein transducin have been
utilized by numerous investigators to examine the mechanism of
receptor-G-protein interaction. We have extended this work using
apo-opsin to serve as a model for ligand binding seven
transmembrane receptors. Bovine rhodopsin-containing rod outer
segment disc membranes were depleted of chromophore using
hydroxylamine at basic pH. In an established in vitro transducin
activation assay (Fawzi et al., JBC 266:12194, 1991), the resultant
apo-opsin demonstrated ~5O-fold lower activity than rhodopsin.
Reconstitution of this opsin with 9-cis- or 13-cw-retinal in the dark
results in a significant inhibition of opsin activity below basal.
Upon exposure of this "inverse agonist"-bound state of opsin to
light, full rhodopsin activity is achieved. Furthermore, apo-opsin
responds to all frans-retinal in a dose dependent manner to form a
reactivated rhodopsin species indistinguishable from native
rhodopsin in the transducin activation assay. Data are presented
demonstrating the effects of transducin in modulating the apparent
affinity of opsin for all frans-retinal. These studies utilizing opsin
provide novel insights into the functioning of this class of
receptors.

CAFFEINE-INDUCED FOS PROTEIN EXPRESSION IN THE RAT BRAIN
H.J. Bennett*. J. Bums and K. Semba. Dept, of Anatomy & Neurobiology,
Dalhousie University, Halifax, N.S., CANADA B3H 4H7.
Caffeine is a methylxanthine which has a mild stimulatory action in the CNS. Its
action is thought to be mediated primarily by antagonism at adenosine receptors.
Extracellular adenosine has been demonstrated to have a tonic inhibitory effect at a
number of presynaptic and postsynaptic sites. Previous studies have shown that high
doses (>75 mg/kg, i.p.) of caffeine increase c-fos mRNA in the striatum of the
rodent brain. In order to investigate the effects of caffeine at lower doses and in
extrastriatal structures, male Wistar rats were injected with caffeine (1, 5, 10 or 75
mg/kg, i.p.) or saline, perfused 2 hrs later, and their brains were processed for Fos
immunohistochemistry. Basal expression of Fos was observed in a number of brain
regions after saline injection. The distribution seen with 1 or 5 mg/kg caffeine was
not significantly different from the basal expression. In contrast, following 10
mg/kg injection greater numbers of Fos-positive neurons were seen in the medial
prefrontal, cingulate and pyriform cortices, olfactory tubercle, hypothalamic nuclei,
paraventricular thalamic nucleus, supragenual nucleus, and cochlear nuclei. With
75 mg/kg caffeine, in addition to the above regions Fos-immunoreactive neurons
were observed in the lateral striatum, globus pallidus, substantia nigra pars
reticulata, central nucleus of the amygdala, paraventricular and supraoptic
hypothalamic nuclei, lateral parabrachial nucleus, locus coeruleus, ventrolateral
medullary reticular formation, and nucleus of the solitary tract. Behaviourally,
increased activity was seen after 5 or 10 mg/kg, whereas activity was reduced after
75 mg/kg; no change was observed with 1 mg/kg. These results indicate that
caffeine induces c-fos expression in a dose-related manner in more widely
distributed brain regions than previously reported, including those involved in
limbic, autonomic, and motor functions. Supported by the MRC of Canada.

810.5

810.6

ENZYMATIC HYDROLYSIS OF AGMATINE TO PUTRESCINE IN RAT
BRAIN. M. Sastre*. S. Requnathan and D.J. Reis. Div. of Neurobiol., Dept, of

"CAGED"

Neurol. & Neurosci., Cornell Univ. Med. Coll., New York, NY 10021.
We have recently discovered that agmatine (decarboxylated arginine), an
endogenous ligand for imidazoline receptors, and its biosynthetic enzyme,
arginine decarboxylase (ADC), are expressed in mammalian brain (Li et al.,
Science 263: 966-969, 1994). In bacteria, the major metabolic pathway for
agmatine is hydrolysis by agmatinase to putrescine, the precursor of
polyamines, and urea. We sought to determine whether agmatine can be
metabolized by a similar pathway in rat brain. Agmatinase was assayed by
measuring hydrolysis of guanido14C-agmatine to 14C-urea and putrescine and
subsequent trapping of 14C02 released by urease from uC-urea. Incubation of
guanido^C-agmatine with rat brain homogenates resulted in a substantial

hydrolysis of agmatine (7.6 to 11.8 nmol/hr/mg protein). Activity is reduced (up
to 75%) by boiling while -25% of total activity remained in non-homogenate
controls due to non-enzymatic degradation of agmatine. With subcellular
fractionation of rat brain, agmatinase activity was maximal (48.1 nmol/hr/mg
protein) in the soluble fraction of the P2 pellet (synaptosomal/mitochondrial).
Further fractionation of the P2 pellet resulted in enrichment of agmatinase in
the mitochondrial (327.8 nmol/hr/mg protein) vs. synaptosomal (31.2
nmol/hr/mg protein) fractions. Agmatinase activity in the P2 pellets varied
regionally in brain: hypothalamus (133 nmol/hr/mg protein) > hippocampus (88)
> medulla (64.5) > cerebellum (47.5) > striatum (35.8) ' > cerebral cortex (30.2).
We conclude: (a) rat brain expresses agmatinase which can convert agmatine
to putrescine and urea; (b) the enzyme is soluble and associated with
mitochondria; (c) the agmatine-putrescine pathway suggests a novel metabolic

pathway for polyamine biosynthesis in brain.
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CARBON

MONOXIDE:

MOLECULES

FOR

PHOTO-

RELEASING FREE CARBON MONOXIDE IN SITU. Joseph P. Y. Kao.
D. Weinreich1* & Paul F. Keitz. Medical Biotechnology Center, and
Depts. of Physiology, and fPharmacology & Experimental Therapeutics,

School of Medicine, University of Maryland, Baltimore, MD 21201.

We report the design, synthesis, and application of NF-CO, NV-CO,
and NP-CO, a family of three "caged CO" compounds —photosensitive
reagents that release the messenger molecule carbon monoxide when
illuminated with long-wavelength ultraviolet light. The caged CO's are

useful as Na+ or K+ salts, which can be bath-applied or introduced into

cells via patch pipets, respectively. The caged CO's can also be readily
loaded into living cells by incubation with the acetoxymethyl (AM) ester
forms of the reagents.

The light-induced "uncaging" reaction is

characterized by t,A * 80 ps.

Carbon monoxide photoreleased from

intracellular caged CO is as effective as exogenous gaseous CO in

activating intracellular guanylyl cyclase.
The photosensitive "cages" in these caged CO compounds are based

on o-nitrobenzyl chemistry—the most widely-used caging chemistry in

biology. Common mercury or xenon light sources are thus sufficient to

activate photorelease of CO.

Because photorelease offers the dual

advantages of spatial and temporal control of messenger molecule
delivery, these caged CO's are ideal for applications in signalling

studies.
(Supported by GM46956 and an SRIS Grant from the Univ. of Maryland

School of Medicine)
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A LYSINE RESIDUE OF THE CANNABINOID RECEPTOR IS CRITICAL
FOR RECEPTOR RECOGNITION BY SEVERAL AGONISTS BUT NOT
WIN55212-2. Z. H. Sona* and T. I. Bonner. Lab. of Cell Biology, NIMH,
NIH, Bethesda, MD 20892.
Lysine192 in the third transmembrane domain of the human CB1
cannabinoid receptor was converted to an alanine to study its role in
receptor recognition and activation by agonists. HU-210, CP-55940,
WIN55212-2, and anandamide, four cannabinoid agonists with distinct
chemical structures, were used to characterize the wild-type and the mutant
receptors. In 293 .cells stably expressing the wild-type receptor, specific
binding to [3H]WIN55212-2 and inhibition of ca Mp accumulation by
cannabinoid agonists were demonstrated, with different ligands exhibiting
the expected rank orders of potency and stereoselectivity in competition
binding and functional assays. In cells expressing the mutant receptor, the
binding affinity of the receptor for [3H]WIN55212-2 was only slightly

affected (the Kd for the mutant receptor was twice that of the wild-type),
and the ability of WIN55212-2 to inhibit cAMP accumulation was
unchanged. However, HU-210, CP-55940 and anandamide were unable
to compete for [3H]WIN55212-2 binding to the mutant receptor. In
addition,. the potencies of HU-210, CP-55940 and anandamide in inhibiting
cAMP accumulation were reduced by more than 100-fold. These results
demonstrate that lysine192 is critical for receptor binding by HU-210, CP55940 and anandamide. Since lysine192 is not important for receptor
binding and activation by WIN55212-2, WIN55212-2 must interact with the
cannabinoid receptor through at least one point of interaction that is distinct
from those of the three other agonists.

WHOLE CELL PATCH-CLAMP MEASURED ANGIOTENSIN II-INDUCED
CURRENT CHANGES IN BRAIN SLICES F.P. Martial*. A. Goucham. S.N.
Thornton. S. Nicolaidis. Neurobiologie des Regulations, College de France, 11
place Marcelin Berthelot, 75231 Paris CEDEX 05, France.
Previous experiments on anesthetized rats have shown that many neurons in the
septo-preoptic continuum are sensitive to Angiotensin (All) and/or Losartan (Los).
Neuronal post-synaptic currents evoked by short time step depolarizations were
recorded in slice preparations of the septo-preoptic continuum from juvenile rat brains
using the whole cell patch-clamp technique. The effect of the specific non-peptidic
antagonist of the angiotensin Type-1 receptor, Losartan (DUP 753), was also tested.
Rats weighed between 60 and 100 g on the day of the sacrifice. The temperature
of the perifusion milieu was 25 ± l°C. For each cell several step depolarization series
(increasing by 20 mV) were applied under control conditions and then after bath
application of All or Los.
Preliminary results showed that at least two types of units were recorded. In the
first type, the presence of All in the bath produced an outward current composed of
two distinct phases: one rapidly inactivable phase, and a second non-inactivable but
saturable phase. In this type of unit Los could partially antagonize the effect of All,
and this lasted several minutes or more.
The second type of unit observed showed, under control conditions, weak, voltage
dependant, rapidly inactivable, inward currents. These currents disappeared in the
presence of All but remained unaffected application of Los in the bath.
These results are consistent with several observations made previously in our
laboratory with extra-cellular recordings and micro-iontophoresis as well as in
behavioral studies. The variability of the responses to iontophoretic application of AH
as well as the long term action of Los already observed in our laboratory were quite
puzzling. Now, these whole-cell recordings show that All should must not be seen as a
mere neurotransmitter but rather as a subtle neuromodulator capable of acting on
different receptors, pre as well as post-synaptically. Los, on the other hand, has a much
longer, and apparently more complicated, action on these receptors.
(Supported by MH 43787 and the Societe Evian)

810.10

810.9
CHARACTERIZATION OF A LOW AFFINITY BINDING SITE ON THP-1
MONOCYTES USING PEPTIDE AND NON-PEPTIDE NEUROKININ
LIGANDS. S.L. Yates*. J.M. Kocsis. and K.R. Brunden. Gliatech, Inc., 23420
Commerce Park Rd., Cleveland, OH 44122.
Substance P (SP) typically initiates signal transduction through its binding
to neurokinin 1 (NK1) receptors. SP is known to increase the production of
interleukin-1 from human monocytes; however, these cells are devoid of
high affinity NK1 receptors. Jeurissen et al. (J Immunol, 1994, 152:2987)
have recently identified a low affinity non-NK1 receptor on human
monocytes. To further characterize the properties of this receptor, we have
examined the binding of the non-peptide NK1 antagonist, L-703,606, to
human myeloid leukemia (THP-1) cells. The THP-1 cells were stimulated
w'th lipopolysaccharide for 48 hr, subsequently harvested, and membrane
homogenates were prepared. Binding of ,2S[l]L-703,606 was performed at
4°C in Tris buffer, pH 7.4, containing a cocktail ’• of protease inhibitors.
Association analysis revealed that ’25ll]L-703,606 binding saturated within 10
to 15 min. Unlabeled L-703,606 inhibited the binding of 125[l]L-703,606 with
an apparent affinity of ~2OO nM. Interestingly, SP’ did not inhibit
125[l]L-703,606 binding, nor did a variety of NK peptide antagonists and
agonists. To clarify these observations, additional studies were conducted as
above using 125[I]SP. Unlabeled SP caused a dose-dependent inhibition of
,25[I]Sp binding, revealing a low affinity binding site. L-703,606 and the other

NK compounds tested above were able to compete for ,25[I]SP binding.
These data provide evidence of a low affinity. NK-like receptor on THP-1
cells which may have a distinct non-peptide regulatory/modulatory binding
site in addition to a peptide binding site.

CLONING AND CHARACTERIZATION OF BRAIN CYSTEINE SULFINIC
ACID DECARBOXYLASE. X.W. Tang. Y. Sun. C.C. Hsu. C.-Y. Yang'* and I.Y. WW*. Dept. of Physioi. & Cell Biol., Urnn. of Kansas, Lawrence, KS S6645,
and Baylor College of Med., Houston, TX 77030
Taurine is one of the most abundant free amino acids found in
mammalian CNS, and is believed to play many important physiological
functions. The rate limiting enzyme in taurine biosynthesis in the brain is
believed to be cysteine sulfinic acid decarboxylase (CSAD). Despite its
importance, little is known regarding the molecular nature and mode of
regulation of CSAD. Here we report the purification of CSAD to
homogeneity from- porcine brain by a combination of column
chromatographies of hydroxylapatite, DE-52 and Sephadex G-100 and
polyacrylamide gel electrophoresis(PAGE). The purified CSAD has a
molecular weight of 86-90 kDa and 43 kDa on non-denaturing gradient
PAGE and SDS-PAGE, respectively, suggesting that the CSAD is a
homodimer of 43 KDa. A cDNA encoding CSAD has been cloned from
porcine brain cDNA library using anti-CSAD as probe. The clone was
further verified by showing CSAD activity when it was expressed in bacteria.
Partial DNA sequence of the CSAD cDNA has been obtained. In regard to
the mode of regulation, CSAD activity was found to increase to an extent of
50%, 120%, 690% when crude synaptosomes were treated with 5 mM ATP,
0.2 mM vanadate, or 2mM EDTA/EGTA respectively. Furthermore, when
crude CSAD preparations were incubated with alkaline phosphatase, CSAD
activity decreased to 75% of its original value, indicating that the CSAD
activity might be regulated by phosphorylation. (Supported by grants from
Office of Naval Research; NIH, NS2O978; and NSF, BNS-8820581)
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ZINC PROTOPORPHYRIN IX (ZnPP) INHIBITS RELAXATION
AND SECOND MESSENGER ACTIVATION IN THE RAT
AORTA IN A MANNER DISTINCT FROM INHIBITION OF
HEME OXYGENASE (HO). Lars Nv*Lars Grundemar■ and Karl-

Erik Andersson, Department of Clinical Pharmacology, Lund University
Hospital, S-22l 85 Lund, Sweden, Carbon monoxide (CO), which can
be produced by HO through degradation of heme has been claimed to
be a neuronal messenger and a regulator of the vascular tone. We
examined whether the HO inhibitor ZnPP and other porphyrins affects
vasodilation evoked by various agents in the rat aorta. ZnPP (0.1 mM)
virtually abolished the relaxation evoked by vasoactive intestinal
peptide (VIP), atrial natriuetic peptide (ANP) and attenuated the
relaxation induced by acetylcholine (ACh). In contrast, ZnPP did not
affect the relaxation evoked by forskolin and 3-morpholino-sydnonimin,
agents which directly activate adenylate cyclase and guanylate cyclase,
respectively. Also SnPP and PP attenuated the VIP-evoked relaxation.
ZnPP also abolished the elevation of cAMP -and cGMP levels evoked
by VIP and ANP, respectively. Neither ZnPP nor PP affected the
contraction evoked by phenylephrine. Thus, ZnPP inhibits relaxation
induced by VIP, ANP and ACh, probably by interfering with

membrane receptor-coupled dilatory signal transduction pathways. This
effect does not seem to be dependent upon inhibition of HO. It appears
that the lack of specificity of the Ho inhibitors makes them less
suitable as tools in the investigation of a messenger role of CO.
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HEME OXYGENASE ISOENZYMES AND EFFECTS OF
CARBON MONOXIDE IN THE FELINE LOWER ESOPHAGEAL
SPHINCTER.
Lars Grundemar1*, Lars Ny1, Benet Larsson1 ,Per Aim2, Peter Ekstrom3
and Karl-Erik Andersson1, Departments of dinical Pharmacology,
2Pathology and 3Zoology, Lund University, Lund, Sweden.
Carbon monoxide (CO) has, like nitric oxide, recently been suggested
to be a gaseous messenger in the brain and periphery. The distribution
of the CO producing enzymes heme oxygenase (HO)-l and -2 were
examined in the feline lower esophageal sphincter (LES). Also HO
activity in homogenates and motor effects of CO in the LES were
investigated. HO-2 immunoreactivity (IR) was observed in nerve cell
bodies in .the submucosal and myenteric plexus, nerve fibers, nonneuronal cells surrounding smooth muscle bundles, and in the
endothelium of some arteries. HO-l-IR was confined to non-neuronal
cells in the smooth muscle layer. HO activity, measured as CO
production was demonstrated in LES homogenates. This activity was
inhibited by the HO inhibitor zinc protoporphyrin. Exogenously
administered CO evoked a concentration-dependent relaxation and
increased cyclic GMP levels in LES strips. These results show that
HO-2 as well as HO-1 are present in the LES and suggest that CO can
be generated by neuronal and non-neuronal cells and may possibly have
a role as a peripheral messenger.
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EXPRESSION OF HO2 IN DIFFERENTIATED PC 12
CELLS. E.E. Thompson* and S.H. Snyder The Johns
Hopkins Univ. Sch. of Med., Baltimore, MD 21205.
Heme oxygenase (HO) catalyses the oxidation of heme to
biliyerdin and carbon monoxide (CO). Since CO can activate
soluble guanylate cyclase, it is likely that HO plays a role in
cGMP mediated signal transduction. When differentiated with
NGF, PC 12 cells express the neuronal isoform of heme
oxygenase, HO2. HO2 enzyme activity in cellular sonicates
after 6 days of NGF treatment is 5 nmol/mg/hour, which is
higher than that in total brain homogenates. Also, as early as
day three of NGF treatment, there is a cGMP signal by
immunoassay that is sensitive to ZnPPIX, an inhibitor of HO,
but not to nitroarginine. These data suggest that as PC 12 cells
differentiate into their neuronal phenotype, they synthesize
HO2 which is used in cGMP mediated signal transduction.
This makes PC 12 cells an interesting model system in which to
study the role of neuronal HO2.

IMMUNOCYTOCHEMICAL LOCALIZATION OF HEME
OXYGENASE-2 IN RAT BRAIN. M. YamanakaLY. Nishimura*2, R.
Semba1. 1Dept of Anatomy II, 2 Dept. of Physiology II, Mie University
School of Medicine, Tsu, Mie 514, Japan.
. •'
Carbon monoxide . is a membrane-permeable gas that has been
suggested to play a signaling role in the brain. It is formed by the
enzyme heme oxygenase-2 during conversion of heme to biliverdin. In
the present study, we raised antisera against the synthesized N-terminal
fragment of this enzyme and studied cellular distribution of the enzyme
in the rat brain by an immunocytochemical method. Heme oxygenase-2
immunoreactivity was observed only in neurons. Though
immunoreactive neurons were ubiquitous to the brain, intensely stained
neurons were rich in the olfactory bulb, layers III and V of the cerebral
cortex, hippocampus, locus coeruleus, pontine nucleus and cerebellum.
In the pyramidal cells of the hippocampus and Purkinje and basket cells
of the cerebellum, immunoreactivity was manifested in the dendrite and
the perikaryon rather than in the axon terminal, suggesting the function
of HO-2 as a generator of a retrograde messenger.

810.15

810.16

HEME OXYGENASE-2 IN SENSORY AND AUTONOMIC NEURONS OF

BIOLOGICAL EFFECTS OF ENDOTHELIN-1 ON ASTROCYTES
ARE MEDIATED BY ETb RECEPTOR THROUGH SEVERAL G

THE GUINEA-PIG. W. Kummer*. R. Vollerthun and B. Hbhler. Inst. Anat. &
Cell Biol., JLU, D-35385 Giessen, FRG
Heme oxygenase-2 (HO-2) is the major carbon monoxide (CO)
generating enzyme constitutively expressed in the brain. In view of the
potential role of CO as a neurotransmitter the distribution of HO-2 in the
peripheral nervous system was investigated by immunohistochemistry, and
the immunoreactive protein was characterized by western blotting using an
antiserum raised against rat testicular HO-2. All neuronal cell bodies in
sensory ganglia (trigeminal, petrosal, jugular, nodose, and dorsal root
ganglia), regardless of their size, exhibited intense immunoreactivity to HO-2.
Immunoreactivity was confined to the perikaryon and did not extend into the
axon. Similarly, all neuronal cell bodies of sympathetic ganglia (superior
cervical, stellate, inferior mesenteric, and lumbar chain ganglia), and
submucosal and myenteric gangKa of the small intestine of the guinea-pig
were HO-2 immunoreactive. Peripheral tissues and organs so far investigated
by immunohistochemistry (visceral arteries, fat tissue, skin) were devoid of
HO-2 immunoreactive axon terminals. Western blots revealed an HO-2
immunoreactive protein with an apparent molecular weight of 36 kDa in
cerebellum, . sympathetic and dorsal root ganglia. The present findings
establish an HO-2 immunoreactive protein as an ubiquitous component of
sensory and autonomic neurons in the guinea-pig. Its molecular weight
corresponds to that of brain HO-2 which is 6 kDa smaller than that of
testicular HO-2. The ubiquitous distribution excludes a specific association
with a particular functionally defined subset of neurons. The prominent
localization in the perikaryon suggests a role in the catabolism of the
numerous heme proteins synthetized and utillzed by peripheral neurons,
(supported by the DFG, Ku 688/2-2)

Couraudd 1 CNRS UPR 0415, Institut Cochin de Genetique

Moleculaire, and ^CNRS UA 641, Faculte de Medecine Villemin,
Paris, France
Astrocytes have been shown to express endothelin-1 (ET-1)
receptors functionally coupled, via different heterotrimeric G-proteins,
to several intracellular pathways. It is reported here• that both receptor
subtypes, ETa -R and ETb -R. mRNAs were detected in primary

cultures of astrocytes. To assess the relative contribution of each
subtype in the astrocytic responses to ET-1, effects of BQ-123, an
antagonist selective for ETa -R, and IRL1620, an • agonist selective for
ETb -R, were investigated. Binding experiments indicated that ETb -R
is the predominant subtype in these cells. Inhibition of the forskolinstimulated cAMP production was observed under ETb -R stimulation.
Bordetella pertussis toxin pretreatment completely abolished this
effect, indicating that this pathway is coupled to ETb -R via Gi protein.
Increase of tyrosine phosphorylation of cellular proteins, stimulation of
mitogen-activated protein kinase (MAPK) and DNA synthesis were
also found to be mediated by ETb -R, but through PTX-insensitive G
protein. IRL162O-induced MAPK activation involved the adapter
proteins She and Grb2, and the serine/threonine-kinase Raf-1. This
study reveals that the various effects of ET-1 in astrocytes are
mediated by ETb -R which couples to multiple signaling pathways via
distinct G proteins.
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STUDY OF THE FUNCTIONAL ROLE OF N-LINKED
GLYCOSYLATION SITES IN GAT-1 GABA TRANSPORT
AND REQUIREMENTS FOR GLYCOSYLATION IN
ADDITION TO THE CANONICAL SEQUENCE. J. A. Clark .*
Laboratory of Cell Biology, NIMH, Bethesda, MD 20892-4090.
Isolation of Na+/Cl"-dependent transporter cDNAs has made it
possible to study the structure and function of these important
proteins, with the goal of attaining a better understanding of how
these carriers work. Canonical sites for N-linked glycosylation
are found in the large extracellular loop that connects
transmembrane domains three and four in nearly all members of
this transporter family.
Although the role of N-linked
oligosaccharides may be trivial for the function of some proteins,
the role is significant and varied in the function of many proteins.
Studies have been undertaken to understand the role that
glycosylation plays in GAT-1 GABA transporter function.
Mutation of Asn residues 455, 460, and 463 to Gin residues
results in no detectable GABA transport in intact transiently
transfected CV-1 cells. The nature of this loss of transport activity'
will be described.
In vitro translation of a GAT-1 construct resulting in truncation
of the protein at Gin residue 209 results in expression of a
nonglycosylated protein. However, truncation of GAT-1 at Trp
residue 285 results in a glycosylated product. These data suggest
that something in addition to the canonical site is necessary for Nlinked glycosylation of GAT-1.

COCAINE INHIBITS GABA TRANSPORT AT NEURONS IN THE
DORSOLATERAL SEPTAL NUCLEUS (DLSN).
S. Shoji
and
J.P.Gallagher* Department of Pharmacology and Toxicology, University of
Texas Medical Branch, Galveston, TX 77555.
To investigate the action of cocaine, we applied cocaine to brain slices,
in vitro, and conducted intracellular recordings from neurons in the DLSN.
Brain slices were obtained from drug naive rats (NR) or chronically cocaine
treated rats (CR, 15 mg/kg, IP, 2X daily for 14 Days). In NR, superfusion
of cocaine produced a membrane potential hyperpolarization in only 50%
of sampled neurons, while slightly prolonging the duration of evoked IPSPs
(GABAa and GABAb ). On the other hand, 100% of DLSN neurons recorded
from CR exhibited a hyperpolarization to cocaine (3 pM) with a significant
prolongation in the duration of IPSPs. The cocaine induced-membrane
potential hyperpolarization, which is due to an activation of both potassium
and chloride conductances, was TTX-insensitive and persisted in zero
calcium solution. Lowering the extracellular sodium (35 mM) or chloride
(7.4 mM) blocked the cocaine induced-hyperpolarization. Higher
concentrations of the potent GABA uptake blocker NO-711 (10pM), which
itself induced a membrane potential hyperpolarization and greatly prolonged
the duration of IPSPs, blocked the cocaine induced-hyperpolarization.
These results suggest that cocaine inhibits GABA uptake in DLSN
neurons. Moreover, in brains from CR, cocaine inhibition of GABA uptake
is greatly potentiated compared to NR. This latter potentiating effect of
chronic cocaine may be a cellular electrophysiological correlate of behavioral
"SENSITIZATION".
Supported by DA-07190.
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MULTIPLE GABA PLASMA MEMBRANE TRANSPORTERS
ARE EXPRESSED IN THE VERTEBRATE RETINA.
J. Johnson*, T.K. Chen. C. Evans. D. Rickman, and N. Brecha.
Depts. of Neurobiol., Med. and Psych., UCLA and VAMC-WLA,
LA, CA 90073; Dept. Ophth., St. Louis Univ., St. Louis, MO 63104.
The purpose of this study was to determine the cellular expression
pattern of three GABA transporters (GATs) in the rat retina using
affinity purified polyclonal antibodies directed to the C-terminus of
GAT-1, GAT-2 and GAT-3. Antibody specificity was tested by
preadsorption of the primary antibody with 10r5M C-terminal
peptides of known GABA and glycine transporters. Numerous
GAT-l-immunoreactive (IR) amacrine cell bodies are in the
proximal inner nuclear layer (INL). A few IR displaced amacrine
and rare ganglion cell bodies are in the ganglion cell layer (GCL).
GAT-l-IR processes are densely distributed to all inner plexiform
layer (IPL) laminae. Weak GAT-l-IR is also present in Muller cell
endfeet and processes in the outer retina. GAT-2-IR is localized to
retinal pigment and ciliary epithelia. GAT-3-IR is expressed
predominantly by Muller cells. Some GAT-3-IR cell bodies are
found in the proximal INL and IR processes are densely distributed
to all IPL laminae. These data indicate that whereas GAT-l-IR is
prominently expressed by neurons, and weakly expressed by Muller
cells, GAT-3-IR is prominent in Muller cells, and GAT-2-IR is
confined to non-neuronal cells. GAT-1 and GAT-3 are therefore
likely to mediate high affinity uptake of GABA in the retina and
influence synaptic activity. In contrast, GAT-2 may participate in
fluid balance in the retinal pigment and ciliary epithelia.

CHARACTERIZATION OF NEUROTRANSMITTER
TRANSPORTER-HOMOLOGOUS cDNA CLONES IN
DROSOPHILA. W. S. Neckameyer.* K. Driscoll and A.
Pruett. Dept. of Pharmacological & Physiological Science,
St. Louis University School of Medicine, St. Louis MO
63104.
Several independent cDNA clones were previously
isolated from a Drosophila melanogaster adult head cDNA
library using a hybridization probe derived from a highly
conserved region of the norepinephrine and y-amlqobatyric
acid transporters (Neckameyer, Neurosci. Abstr. 19:1122,
1993).
Sequence analysis of one Drosophila cDNA clone
displays remarkable conservation with the cloned rat
GABA transporter. Two other cDNA clones fall into the
same major class by Southern hybridization analysis of
Drosophila genomic DNA; however, these clones have
different restriction enzyme patterns and mRNA
transcription patterns, suggesting they are related but
independent transporters. The second class of cDNAs
shares homology by Southern analysis but not at the
DNA sequence level. Further characterization of these
cDNAs will be presented.

Supported by NEI EY 04067 and VA Medical Research Funds.

811.5

811.6

Mammalian Brain-Specific L-Proline Transporter: Preferential Localization of
Transporter Protein to Glutamatergic Nerve Terminals in Rat Forebrain. R.T.
Fremeau. Jr.* J. Chan. A. Pohorille. J.V. Nadler. T.A. Milner, and V.M, Picks!,
Depts of Pharmacol. & Neurobiol., Duke Univ. Med. Ctr., Durham, NC 27710; and
Dept. Neurol. & Neurosci., Cornell Univ. Med. Coll., New York, NY 10021
A high affinity mammalian brain-specific L-proline transporter (PROT) has been
cloned. PROT is a member of the Na+-(and Cl-)-dependent plasma membrane
transporter family that includes transporters for several neurotransmitters, osmolytes,
and nutrients. Previous in situ hybridization studies localized rPROT mRNA to
subpopulations of glutamatergic neurons in rat brain. However, no direct
morphological evidence exists about the regional and subcellular distribution of the
PROT protein. Thus we used an affinity-purified antipeptide antibody directed
against the carboxy-tenninus of this transporter for the light and electron microscopic
immunolocalization of the PROT protein in rat forebrain. Immunoperoxidase
labeling revealed abundant, punctate PROT immunoreactivity in forebrain regions
that receive dense glutamatergic innervation including the olfactory bulb, piriform
cortex, hippocampal formation (HF), amygdala, caudate-putamen (CPu), thalamus,
and hypothalamus. Within HF, prominent immunolabeling was observed in the inner
and outer thirds of the dentate molecular layer and in strata oriens and radiatum of
the CA3 and CA1 regions. Electron microscopic immunogold detection of PROT in
CPu revealed prominent labeling of axon terminals forming asymmetric, excitatorytype synapses with dendritic spines. Unexpectedly, the majority of gold particles
were observed overlying vesicular organelles within the axonal cytoplasm. In most
cases, at least one or two gold particles were in contact with the plasma membrane
adjacent to the synapse. These findings raise the possibility of a novel presynaptic
regulatory role for PROT in excitatory transmission. High affinity L-proline uptake
may regulate the synthesis and/or release of glutamate in specific excitatory nerve
terminals. Alternatively, high affinity uptake may limit postsynaptic actions of Lproline by reducing its extracellular concentration in synaptic and/or surrounding
spaces. Supported by NIH grants NS32501, NS16064, MH42834, MH4O342,
DA04600, and NSF 9310965.

811.7

uptake was inhibited 50% or more by 100 JiM p-alanine, hypotaurine,
guanidinoethanesulfonic acid and guanidinopropionic acid.
Homotaurine and glycine, however, did not block uptake.
Furthermore, taurine uptake was inhibited by the phorbol ester, PMA

but not by its inactive analog, 4-a-PDD suggesting a role for
phosphorylation in taurine transport. Finally, in situ hybridization
studies showed that the taurine transporter was highly expressed in the
ciliary body and to a lesser extent in the mouse retina.
Supported by EY-03523 and GA-93017 from Fight for Sight, Inc.

811.8

LEUCINE INFUSED INTO THE BRAIN BY MICRODIALYSIS COMPETES

FOR THE IN VIVO LARGE NEUTRAL AMINO ACID TRANSPORTER.
H. R.Zielke*, Y. HHanq, C.L. Zielke, Peter Baab and J.T. Tildon. Dept.
of Pediatrics, University of Maryland, Baltimore, MD 21201.
The effect of leucine on the interstitial concentration of the large

neutral amino acids in rat brain was examined using a microdialysis
delivery system and HPLC analysis of the eluant. Microdialysis probes

were inserted stereotaxically into the hippocampus of rats. Leucine
[0.5, 2, 5 and 10 mM in artificial CSF] was infused into the awake,
free-moving rat and the eluate from the probe was analyzed for 20

amino

MOLECULAR CHARACTERIZATION OF A TAURINE
TRANSPORTER CLONED FROM MOUSE RETINA. V. Sarthv*1.
H.
X, Qian2 and H, Egal1. Dept. of Ophthalmology,
Northwestern University, Chicago, IL 60611; and Dept. Of
Physiology, Baylor College of Medicine, Houston, TX 77030.
The high intracellular taurine levels in ocular tissues are maintained
by high affinity, Na+-dependent taurine transport systems. In the
course of screening a mouse retina cDNA library for neurotransmitter
transporters, we isolated a cDNA clone whose predicted protein
sequence showed strong homology to known taurine transporters from
rat brain (98.4%) and human placenta (94.7%). RNA transcribed in
vitro from the cDNA clone induced Na+ and Cl"-dependent, 3Htaurine uptake in microinjected Xenopus oocytes. Whereas taurine
uptake rate varied hyperbolically with external taurine or Cl‘
concentration, the uptake rate showed a sigmoidal dependence on
external Na+ concentration. Hill plots suggested that the taurine
transporter required 2 Na+ and 1 Cl" per taurine molecule. Taurine

acids.

The

infusion

of

leucine

rapidly

increased

the

concentration of phenylalanine, tyrosine, methionine and tryptophan to
higher steady state levels. A 2-4 fold increase in concentration in these
amino acids was observed at 10mM leucine with minor changes in
other amino acids, except glutamine which doubled in concentration.
The response to leucine was concentration dependent. Inclusion of 2
mM phenylalanine or tyrosine in the artificial CSF (instead of leucine)
increased leucine and tyrosine (or phenylalanine with 2 mM tyrosine),

methionine and tryptophan. The data suggest that leucine, known to
accumulate in Maple Syrup Urine Disease, interferes with the uptake
of the amino acid precursors for serotonin and catecholamine

biosynthesis.

The

reduced

uptake

may

explain

some

of

the

neurological and developmental defects observed in this disease.
Finally, the increase in interstitial glutamine observed in the presence
of leucine is consistent with the published data of Yudkoff et al. (J.
Neurochem. 62:1192-1202, 1994) who showed that leucine is an
amino donor for glutamine formation. (NIH grant 16596)
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IMMUNOCYTOCHEMICAL ANALYSIS OF AMINO ACID TRANSPORT INTO
NEURONS AND GLIAL CELLS IN THE RABBIT RETINA USING SPECIFIC
ANTIBODIES AGAINST AMINO ACID ANALOGUES AND STEREOISOMERS.
D. V. Pow. D.K. Crook. i.R. Keast* and D.I. Vaney. Vision, Touch and
Hearing Research Centre, Department of Physiology and Pharmacology,
University of Queensland, Brisbane, Queensland 4072.
Neurons appear to be dependent upon extracellular supplies of substrates
for the formation of amino acid transmitters such as glutamate and GABA,
and for the formation of amino acid-derived compounds such as nitric oxide.
To determine which cells in the retina exhibit high-affinity uptake of
amino acid transmitters and their precursors, we have developed highly
specific antibodies to molecules such as D-aspartate, D-glutamine and LNAME; these molecules do not occur naturally in mammals, but are
transported by glutamate, glutamine and arginine transporters,
respectively. Thus transport of these molecules into cells can be
distinguished immunocytochemically from pools of . endogenous molecules.
Retinae were isolated from rabbits that had been killed by an intravenous
overdose of sodium pentobarbital (80 mg/kg). Retinae were incubated with
test compounds (40 gM) dissolved in a physiological saline solution (Ames
medium), then fixed and processed for immunocytochemistry, using 0.5 gm
semithin sections. This paradigm results in high resolution labelling of
specific classes of cells. Examination of serial semithin sections permitted
the identification of endogenous molecules. For instance, D-arginine is
strongly accumulated in a subset of retinal neurons, including some
GABAergic amacrine cells; D-arginine also accumulates in a population of
amacrine cells that contain neither GABA nor glycine. By contrast,
D-glutamate is taken up mainly by glial cells, where it is converted into
D-glutamine. This D-glutamine is then exported to subsets of neurons
including the glutamatergic retinal ganglion cells. We believe that this
immunocytochemical approach to demonstrating amino acid transport is a
powerful tool both for analysing the cell specificity of uptake and for
examining any activity-dependence of these transport systems.
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DISTRIBUTION OF mRNA CODING FOR THE MAMMALIAN BRAINSPECIFIC L-PROLINE TRANSPORTER. T.S. McGraw*. R.T. Fremeau. Jr. and
K.J. Anderson. Dcpts. Physiol. Sci. & Neuroscience, Univ. Florida, Gainesville, FL
32610; Dept. Pharmacol. & Neurobiol., Duke Univ. Med. Ctr., Durham, NC 27710.
The presence of a high affinity Na+-dependent synaptosomal uptake system for Lproline (PROT) has generated interest in the possible role of this transporter in
synaptic function. Initial reports on the cloning and distribution of PROT
demonstrated that it was expressed in subpopulations of glutamatergic pathways in the
CNS, further suggesting that this transporter may modulate excitatory synaptic
transmission. We have utilized in situ hybridization to further characterize the
anatomical distribution of PROT mRNA in the CNS. Oligonucleotide cDNA probes
(45mer) were constructed that were complimentary to the published sequence of
PROT. Probes were screened against GenBank to ensure specificity and labelled with
[35S]ATP for film and emulsion-based in situ hybridization. Rat brains were
sectioned in the horizontal, coronal and saggital planes and hybridized with labelled
probes. Control probes consisted of sense strands from the same sequence. PROT
mRNA was found in high abundance in the olfactory bulb mitral cell layer, external
plexiform layer neurons, olfactory tubericle and anterior olfactory nucleus. Within the
thalmus, specific nuclei were labelled including the anterior dorsal, lateral posterior
and lateral doral nuclei. In the hippocampal formation, intense labelling was seen in
pyramidal neurons of CAl-4, while granule cells of the dentate gyrus were lightly
labelled. Labelling was observed in cerebral cortical layers III and V of the
somatosensory cortex. Intense labelling was seen in neurons of layers II-III of the
entorhinal cortex. Diffuse labelling was seen in the brainstem and cerebellum. These
findings are consistent with previous observations that PROT is found in some, but
not all, glutamatergic pathways in the CNS. The localization of PROT to specific
populations of excitatory neurons may provide another means to regulate excitatory
neurotransmission. Supported by AG-08843, NS32501, and NSF 9310965.

811.11

CHARACTERIZATION OF ASPARTATE RELEASE VIA REVERSAL OF
CLONED HUMAN EXCITATORY AMINO ACID TRANSPORTER SUBTYPES
12V.R. Roettger*.2 J.L.. Arriza. and 12S.G. Amara. ^toward Hughes Medical
Institute and 2VolIum Institute , Oregon Health Sciences University, Portland, OR
Excess glutamate release may contribute to ischemic brain damage; the mechanism
for this release is probably reversal of one or more Na+-dependent glutamate
transporters (Roettger and Lipton, Soc. for Neurosci. Ahst.. 20, 1994). We used
stably transfected HEK293 cells independently expressing three excitatory amino acid
transporter subtypes (EAAT1 -3) isolated from human motor cortex (Arriza et ah, J of
Neurosci.. 14:5559, 1994) to deteermine which subtype(s) may be involved. In
addition, different release paradigms were examined to determine which conditions can
trigger excess release during ischemia.
Methods: Cells expressing EAAT1, EAAT2 , EAAT3, or vector alone (vector
control) were loaded with ^H-D-Aspartate (D-ASP) tor 30'; EAAT transfected cells
accumulated D-ASP at levels greater than 5-fold over that accumulated by vector
control cells. Release was stimulated by exposure to either: (1) combined sodium
azide (Az - 2OmM) and iodoacetate (IAA - O.5rnM) which lowers cellular ATP; (2)
gramicidin D (GD - 5Oug/ml) which increases internal Na+; or (3) nigericin (NIG 2OuM) which exchanges external H+ for internal K+; all these conditions occur
during ischemia. Results: Az/IAA or GD exposure stimulated D-ASP release from
transporter-transfected cells to approximately the same level for all subtypes (2-fold
greater than release from vector control cells). However, NIG exposure stimulated DASP release from EAAT1 and EAAT2 transfected cells to a larger degree over vector
control cells (>3-fold) than release from EAAT3 transfected cells (<2-fold greater than
vector control cells). This suggests that EAAT subtypes may be differentially
regulated by H+ ions.
These results indicate tliat the stimulus required to release glutamate via reversal of
uptake may differ between cloned transporter subtypes and suggest that all transporter
subtypes may not be involved in ischemia-induced glutamate release to the same
extent.

811.12

LOCALIZATION OF A NEUTRAL AND BASIC AMINO ACID TRANSPORTER
IN RELATION TO NITRIC OXIDE SYNTHASE IN RAT FOREBRAIN. V.M.
Picked A. Pohorille. J. Chan. S.S, Tate, and M.J. Nirenberq. Depts. of
Neurology and Neuroscience and Biochemistry, Cornell University Medical
College, New York, NY 10021.
The neutral and basic amino acid transporter (NBAT) is one of two known
members of a novel class of proteins involved in sodium-independent
transmembrane transport of amino acids. NBAT is highly expressed in renal
and intestinal brush border membranes, and has also been localized to enteric
neurons and to selective neurons in brainstem and spinal cord in a distribution
similar to that of nitric oxide (NO). In addition, L-arginine, the precursor for NOsynthesis is a potent NBAT substrate. Thus, to further establish the potential
role of NBAT in regulation of substrate availability to NO-containing neurons,
we examined the localization of a previously characterized antiserum against
NBAT in relation to neurons immunolabeled for NO synthase (NOS) in rat
forebrain. NBAT immunoreactive perikarya seen by light microscopy had many
morphological similarities to the NOS-labeled cells including the presence of
one or more processes in contact with blood vessels. Perikarya and processes
containing NBAT were prominently distributed in the striatum, amygdala, and
deep cortical laminae. In the striatum, electron microscopic dual labeling
showed immunogold-labeling for NBAT frequently associated with plasma
membranes of unlabeled dendrites. Although few of these dendrites or
perikarya were dually labeled for NOS, many were directly apposed to NOSimmunoreactive processes. We conclude that NBAT may be involved in
neuronal uptake of amino acids, which in turn regulates the availability of
arginine and other substrates to NO neurons. (Supported by grants MH00078;

INSULIN REGULATES 14C-CREATINE UPTAKE IN GLIAL AND MUSCLE
CELL LINES. Tea N. Kekelidze and Mario D. Saltarelli.* Department of Neurology,
Emory University School of Medicine, Atlanta, GA 30322.
Creatine and its phosphorylated derivative creatine phosphate (CP) play an important
role in the maintenance of intracellular ATP levels. Creatine is phosphorylated by
creatine kinase to form CP, which is believed to be used for the regeneration of ATP
pools. An adequate supply of creatine is required for the maintenance of CP levels.
Creatine is selectively accumulated from the extracellular space by a sodium-coupled
high-affinity creatine transporter (CREAT) located in the cellular plasma membranes
from brain, muscle, and other peripheral tissues. CREAT has been shown by recent
cloning studies to be structurally related to the norepinephrine/GABA transporter
family. Insulin has been shown to influence the metabolism of creatine and
phosphocreatine, and rapidly alters creatine accumulation in muscle.
We have recently shown that CREAT velocity increases 5-10 fold when either C6
glioma or L6 myoblast cell lines are incubated in creatine-free medium, when
compared with cells grown in the presence of 5 mM creatine (McClatchey et al. (1995),
ISN Abstracts, J. Neurochem.). Northern analysis of RNA isolated from creatinestarved and creatine-fed cells showed no change in the relative amounts of CREAT
RNAs, supporting the existence of post-translational regulatory mechanisms involved
in the maintenance of intracellular creatine levels.
To further clarify the mechanisms involved in CREAT regulation, we assessed
creatine uptake in c 6 and L6 cells exposed to insulin (0.1 pM). After preincubation in
serum-free medium, acute (5, 10, 30 min) insulin treatment resulted in a 40 ± 6% (X ±
S.E.M.; N=5; p < 0.002) reduction of sodium-dependent l4C-creatine uptake, when
compared with vehicle-treated control cells. These studies will allow further
clarification of the role of receptor tyrosine kinases in the post-translational regulation
of creatine transport activity. Supported by NINDS CIDA NS01651.

MH4O342; and HL 18974).

811.13

811.14

CHARGE MOVEMENT ASSOCIATED WITH GLYCINE UPTAKE .
Stephane Supplisson*. Claude Benanan. Laboratoire de Neurobiologie,
Ecole Normale Supeneure, 46 rue d'Ulm, 75005 Paris, France.
Relationships between the non linear capacitive current and the steadystate current associated with glycine uptake were analyzed for two glycine
transporters showing 96% identity in their primary sequences (rGLYTlb
and hGLYTlb) and expressed in Xenopus oocytes. As for several
previously dented Na+/coupled transporters, relaxation currents were
recorded in response to voltage steps; in the presence of substrate they
disappeared while steady-state currents developed. The relaxation currents
are assumed to reflect electrical charge movement within the carrier
assodated with partial reactions in the transport cycle. For a given voltage
step, the time integral of the single exponential current relaxation (i.e. the
amount of charge (Q) displaced) is the same at the onset of the pulse and
on membrane repolarization; it decreases with increasing glycine
concentration (“charge masking”). The Q/V relationship can be fitted by a
Boltzman equation with z8=0.5 and Vo.r=-2OnV. Current relaxations show
Na+ and O' dependence. Replacing Na+ by Choline*, TEA+, or N-MethylGlucamine* decreases the amount of mobile charges by 80%. In the
presence of Li* (which does not promote glycine uptake) Q is reduced by
only 40%. Relaxation time constants show little voltage dependence; they
are, however, significantly shorter for rGLYTlb than for hGLYTlb. At
2OpM glycine, the ratio between the steady-state current and the amount of
masked charges is independent of the voltage and found higher for
rGLYTlb than for hGLYTlb. For the same amount of displaced charges,

GENE
EXPRESSION
OF
THE
RAT
VESICULAR
ACETYLCHOLINE TRANSPORTER R, Cervini, S. Berrard*, L.
Houhou, P.-F. Pradat and J. Mallet, Lab. Genetique Moleculaire de la
Neurotransmission et des Processus Neurodeg£n6ratifs, UMR C9923
C.N.R.S., F-91198 Gif-sur-Yvette, France.

the rat transporter produces a 2 times larger steady-state current than the
human transporter.
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The gene encoding the vesicular acetylcholine transporter (VAChT)
has recently been localized within the first intron of the gene encoding
choline acetyltransferase (ChAT) in both nematode and mammals,
including man. The conserved structure of the ChAT/VAChT locus is
unique, since both genes lie in the same transcriptional orientation and
both their products are required to express the cholinergic phenotype.
We have previously shown that rat VAChT is encoded by several
mRNAs. Two of them share a common 5' exon (R) with one ChAT
mRNA and are therefore generated by alternative splicing of a .
ChAT/VAChT primary transcript. We now demonstrate that the first
intron of the rat ChAT gene contains two promoters, each used to
generate one VAChT mRNA. We have also identified a fifth VAChT
mRNA species containing the sequence between exon R and the VAChT
translation initiation codon. The existence of these five forms of VAChT
mRNA with different 5’-uoucHding ends can now ' be correlated to the size
diversity of the VAChT mRNAs that we previously observed by Northern
analysis.
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811.16

PROTON
INTERACTIONS
WITH
THE
ACETYLCHOLINE
TRANSPORTER OF SYNAPTIC VESICLES.
M. L. Nguyen, H. J.
Carlisle* and S. M. Parsons. Department of Chemistry, University of
California, Santa Barbara, CA 93106.
The acetylcholine transporter (AChT) of synaptic vesicles exchanges
internal protons for cytoplasmic ACh. The effects of protons on both faces of
the AChT were studied using purified Torpedo synaptic vesicles and a
hyposmotic lysis-resealing technique. The rate of proton leak from acidified
vesicles is slowed about two-fold by vesamicol, which is an allosteric inhibitor

VESAMICOL BINDING STUDIES OF THE CLONED RAT VESICULAR
TRANSPORTER FOR ACETYLCHOLINE. A. Roghani*1. S.M. Parsons2> and R.H.
Edwards*. *Dept. of Neurology, UCLA, Los Angeles, CA 90024 & 2Dept, of
Chemistry, UCSB, Santa Barbara, CA. A large body of evidence has implicated
acetylcholine (ACh) in the pathogenesis of neurodgggngrativg disorders such as
Alzheimer's disease(AD). ACh and other transmitters are stored into synaptic vesicles
from which their release is regulated in response to neural activity. This storage
requires active transport from the cytoplasm. Genetic studies in the nematode C.
elegans recently identified a putative vesicular ACh transporter (Unc-17). This protein
shows sequence homology to previously cloned vesicular amine transporters and its
distribution suggests a role in cholinergic transmission. Using RT-PCR, we have
recently isolated homologous transporters, first from Torpedo californica, and then from
rat spinal cord (rVAChT) (PNAS 97,10620). The full length rVAChT was expressed
transiently in COS cells. After 4 days of growth in culture, the cells were
homogenized and high speed membrane samples prepared and used for [%H]vesamicol
binding assays. Incubation of membranes with various amount of vesamicol (0 to 75
nM) under equilibrium conditions resulted in high affinity and specific binding of
vesamicol (Kd=5.5 nM and Bmax=12 pmol/mg protein) to membranes from the
VAChT-transfeeted cells, but not to those transfected with vesicular amine transporter.
In a separate experiment, keeping the vesamicol concentration at 1 nM, the vesamicol
binding increased rapidly with time to reach maximal levels in 15 min. Repeating this
experiment in the presence of ATP or CCCP did not alter the binding profile,
suggesting that the vesamicol binding to VAChT did not depend on a H+-elotrochemical gradient. Furthermore, the amount of vesamicol bound to the membrane from
transfected cells was significantly less when the binding was performed in the presence
of ACh, but not in presence of choline or GABA. Moreover, incubation of the
membrane with varying amounts of vesamicol and ACh at equilibrium showed that, as
the vesamicol concentration was raised to higher and higher values, it overcame the
binding inhibition by ACh in a competitive manner. The latter results are consistant
with vesamicol binding to the site of substrate recognition on the VAChT protein.

of the AChT, but it is not affected significantly by saturating ACh. This
suggests that the AChT mediates a large fraction of the permeability of
vesicular membrane to protons and that it "slips". When the internal pH is set
at 5.1 and the external pH is varied, uptake of subsaturating ACh decreases
toward 0 at lower external pH with an apparent pKa of 7.6±O.2. The major
kinetics effect of low external pH is an increased Michaelis constant for ACh,
consistent with competition of ACh with a proton for binding to the outwardly
oriented AChT. When the external pH is set at 7.8 and the internal pH is

varied, uptake of subsaturating ACh decreases toward 0 at higher internal pH
with an apparent dependence on the second power of the proton concentration
and a pKa of about 5.6. The major kinetics effect of higher internal pH is
decreased Vmax for ACh with a smaller effect on the Michaelis constant.
There is no D26 solvent kinetic isotope effect on the rate of ACh uptake, but
there is substantial slowing of the rate of the proton leak through the AChT.
A model for binding of a proton or ACh alternately to the transport site and a
second proton to an internal allosteric activating site that mediates a leak
through the AChT by site-to-site hopping will be presented.

811.17

811.18

PRODUCTION AND CHARACTERIZATION OF ANTIFUSION PROTEIN ANTIBODIES TO THE RAT
VESICULAR ACETYLCHOLINE TRANSPORTER. M .L.
Gilmor*. C.J. Heilman. A. Roghani. N.R. Nash. H.D. Rees. H. Yi.
S.M. Hersch. R.H. Edwards. A.I. Levey. Department of Neurology,
Emory Univ. School of Medicine, Atlanta, GA 30322 and Department
of Neurology, UCLA School of Medicine, LA., CA 90024
A cDNA for the putative rat vesicular acetylcholine transporter (VAT)
has recently been cloned, but little is known about the encoded protein.
We produced rabbit polyclonal antibodies to VAT in order to
characterize VAT protein. A glutathione S-transferase/VAT C-terminus
fusion protein was used as immunogen and for affinity-purification of
antibodies. Western blot analysis revealed specific reactivity with bands
in HeLa cells transfected with VAT cDNA and which were absent in
mock transfected cells. In Western blots of rat brain homogenates,
VAT-immunoreactive bands were predominant in striatum, neocortex
and hippocampus, with low levels in cerebellum. Immunoreactivity
was eliminated with preabsorbtion on the fusion protein.
Immunohistochemistry demonstrated VAT immunoreactivity in
neuronal perikarya in known cholinergic cell groups, while noncholinergic neurons were not immunoreactive. Dense VAT terminal
fields and fibers were present in cholinergic projection sites, including
cortex, hippocampus, basolateral amygdaloid nucleus, and many other
regions of the brain. In electron micrographs, VAT C-terminus
reactivity was associated with synaptic vesicles in cholinergic terminals
in rat striatum and hippocampus. These studies demonstrate VAT is a
selective marker of cholinergic neurons, and specifically, cholinergic
synaptic vesicles and axon terminals.

811.19

IN VIVO BY db-cAMP. V. Vogelsbera*. N.H. Neff and M.

Hadiiconstantinou. M. Departments of Psychiatry, Pharmacology

and The Neuroscience Program, The Ohio State University
College of Medicine, Columbus, OH 43210.

The high-affinity choline transport (HACT) is considered by
many researchers to be the rate-limiting step for the synthesis of

acetylcholine (ACh). The mechanism(s) involved in regulation of

the transporter are not understood.
cAMP-dependent

pathways

on

We studied the effect of
HACT.

db-cAMP

was

administered i.c.v. to mice and at various time points choline

(Ch) uptake, ACh synthesis and choline acetyltransferase (ChAT)
activity were measured in synaptosomes from hippocampus,
striatum and frontal cortex.

At 1

hour db-cAMP increases

choline uptake in hippocampus and frontal cortex and slightly in
striatum.

Choline uptake remains elevated up to 6 hours later

and then returns to baseline. The change in uptake is attributed

to an apparent increase in Vmax.

ChAT activity was not altered

in any of the brain regions studied, but ACh synthesis was
increased in all areas after 1 hour treatment with db-cAMP.

Cycloheximide did not prevent the increase in HACT activity at

1 hour, indicating a mechanism other than protein synthesis is
involved. Administration of okadaic acid had no effect on basal
or db-cAMP activated Ch uptake, while a protein kinase A

inhibitor prevented the cAMP induced increase.

811.20

INFLUENCE OF ESTROGEN ON HIGH AFFINITY CHOLINE
UPTAKE IN RAT BRAIN SECTIONS. M.L. Caspers*. B.E.
Deverman and M.J. Fu. Dept. of Chemistry, Univ. of Detroit
Mercy, Detroit, MI 48219.
Estrogen may exert a protective effect on several enzymes of
acetylcholine metabolism. The uptake of choline is the ratelimiting step in acetylcholine biosynthesis. Ovariectomized
female, Fischer-344 rats (2 mo) had either 17/3-estradiol (0.5 or
5 mg) or placebo pellets implanted in the nape of their necks.
Placebo and 170-estradiol-treated animals were sacrificed after
2 or 3 weeks, 24^m frozen sections of the brains were prepared
and treated with hemicholinium-3 (HC-3), a competitive inhibitor
of the high-affinity choline transporter. Autoradiographic studies
showed high levels of specific HC-3 binding in the caudate
putamen (CP) and the nucleus accumbens. Computer-assisted
densitometry indicated specific HC-3 binding was 65.5% of total
HC-3 binding. An 11% (P<0.04) decrease in HC-3 binding in
the CP occurred in rats treated with 0.5 mg l7^^^^^tradiol pellets
for 3 weeks when compared to the placebo-treated group. In rats
receiving 5 mg 17/3-estradiol pellets, a 16% (P<0.04) decrease in
HC-3 binding in the CP was noted after 2 weeks and a 20%
(P< 0.002) decrease was seen after 3 weeks. (Supported by a
grant from the Amer. Fed. Aging Res. and a gift from J. Rose.)
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ELECTROGENIC Na+-K+ PUMP IN THE DISSOCIATED MAMMALIAN CNS
NEURONS. Mitsutoshi Munakata*, Mika Fujimoto and Norio Akaike. Department
of Physiology, Kyushu University Faculty of Medicine, Fukuoka 812-82, Japan.
Active Na+-K+ transport maintains intracellular ionic conditions and involves in
the cell excitability with the distinct glgctroggnicity. We investigated the basic
properties of the electrogenic Na+-K + pump in neurons freshly dissociated from the
rat neostriatum by the use of the nystatin-perforated patch technique. In currentclamp mode, ouabain (10 pM) depolarized neurons, suggesting that Na+-K+ pump
functions well under the present experimental conditions. In the voltage-clump
mode (Vh = -40 mM) with the pipette solution containing 40 mM Na + , raising
[K+]q evoked an ouabain sensitive outward current in a concentration-dependent
manner (EC5o=O.74 mM) under the suppression of K+ and voltage dependent CaH+
channels, Na+-Ca2+ exchanger. Tl+, Rb+, NFL}* and Cs+ also could evoke the
outward current in the order of EC50: Tl+>K+>Rb+>NH4+>Cs+. The pump
activity had slight voltage dependency and decreased in hyperpolarized membrane
potential. The pump activity was temperature dependent (QlO=3.1). The sensitivity
to ouabain was also temperature dependent, and the IC50 of ouabain was 7.07 pM
at 20 °C and 1.3 pM. at 30 °C. Interestingly, the pump activity was still observed
even with the Na+-free pipette solution. However, such activity reversibly
diminished when Na+ was completely removed from the external solution,
suggesting that Na+ ions are continuously leaking into the cell, resulting in
activating the pump. A mitochndiral uncoupler, FCCP (1 ^M), also eliminated the
pump current. These results indicate that neuronal Na+-K+ pump functions in
concert with, ion dynamics across the cytoplasmic membrane.
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SODIUM-GLUCOSE COTRANSPORTER IS PRESENT AT THE ABLUMINAL
MEMBRANE OF THE BOVINE BLOOD-BRAIN BARRIER. W-J Lee. D.R.
Peterson. V, Burmeister. C.E. McCormack*. E.J. Sukowski. and R.A. Hawkins.
Physiology Department. Finch Univ. of Health Sciences/The Chicago Med. Sch.,
North Chicago. IL 60064.
The use of brain endothelial membrane vesicles is a unique approach in the study of
glucose transport across the blood-brain barrier (BBB). Membrane vesicles were
isolated from bovine brain microvessels and characterized as previously described by
Sanchez del Pino et al (J. Biol. Chem. 267: 25951-25957. 1992). Luminal
membrane vesicles showed enrichment of the enzyme gamma-glutamyl
transpeptidase. while abluminal membrane vesicles exhibited System-A amino acid
transport activity. The uptake of radiolabeled D-glucose was determined by rapid
filtration. In the absence of an inwardly-directed sodium gradient. luminal and
abluminal membrane vesicles showed similar initial rates of glucose uptake.
However. in the presence of a sodium gradient. abluminal membrane vesicles
exhibited the ability to transiently concentrate glucose above the equilibrium value
(overshoot). The intravesicular glucose concentration fell back towards the
equilibrium value upon dissipation of the sodium gradient. This phenomenon was
not seen in luminal membranes in the presence of sodium. The addition of phlorizin.
a specific inhibitor of the sodium-glucose cotransporter. abolished the overshoot in
abluminal membrane vesicles. Kinetic analysis of glucose transport in abluminal
membrane vesicles. showed the presence of 2 distinct carriers; a high-affinity. low
capacity sodium-glucose cotransporter. and a passive low-affinity high capacity
facilitative transporter. Luminal membranes possess only a passive facilitated carrier.
These results indicate that glucose transport across the BBB is more complex than
initially thought. and that the abluminal sodium-glucose transporter may be
important in regulating glucose flux into and out of the extra-cellular fluid of the
brain. (Supported by NIH grants NS31017 and DK4233l).

Characterization of Na+-Dependent Pj Uptake in Cultured Fetal
Rat Cortical Neurons. M. Glinn*, B. Ni and S. M. Paul. Lilly Res.
Labs, Lilly Corp. Ctr, Indpls, IN 46285.
We have recently demonstrated ttie existence of a brain-specific
Na+-dependent inorganic phosphate (Pj) cotransporter which is
constitutively expressed in neurons of the rat cerebral cortex,
hippocampus and cerebellum1. Characterization of Na+-dependent
Pi uptake in cultured fetal rat cortical neurons revealed that such
transport is low up to DIV 11, but is fully developed after DIV 12
(when > 90% of saturable Pj uptake is Na+-dependest.).
Na+dependent Pj uptake rates were initially increased and attained
steady state more rapidly at 37 °C as compered with 22 °C or 4 °C,
and were inhibited at low as compared with neutral or alkaline pH.
Kinetic analyses revealed a Km for Pj of 54 ± 12.6 pM and for Na+ of
35 ± 4.2 pM. The Vmax was 1.54 ± 0.48 nmoles/min/mg protein. The
pH sensitivity and kinetic parameters observed for neuronal Pj
transport were similar to those reported for Pj transport in renalderived cells and membrane vesicles2'6. a reduction in extracellular
Ca2+ markedly decreased (> 60%) Na+-dependent Pj uptake, wcSi a
threshold for m<ximal Pj import of 1-2.5 mM CaCl2.
Cultures
incubated in medium where equimolar concentrations of choline
were substituted for Na+ had lower levels of ATP and ADP and higher
levels of AMP than did those incubated with Na+. The largest
fracton of 32Pj imported with Na+ was concentrated in the adenine
nucleotides. Omission, of glucose from the incubation medium for
up to 18 hours did not affect Na+-dependent. 32Pj uptake. How^'ev^r,
depletion of ATP by incubation in choline-containing medium, or
with metabllic inhibitors, dramatically decreased 32Pj import rates.
These data support tthe hypothesis that, a major function of the Na+dependent Pj transporter is the import, of Pj required for the
production of high-energy compounds vital to neuronal metabolism.

811.23
REGIONAL DISTRIBUTION OF THE Na+/CI"-DEPENDENT "ORPHAN"
TRANSPORTERS, RXT1 AND V-7-3-2, IN THE RAT CENTRAL NERVOUS
SYSTEM. J. Masson. Z. Aidouni. M. Pohl. B. Giros. M. Hamon and S. El
Mestikawv*. INSERM U288, faculte de Medecine Pitie-Salpetriere, 75013
PARIS, France
Rxt1 and V-7-3-2 are two members of the membrane-bound protein
family which includes monoamines (dopamine, noradrenaline and
serotonine)- and aminoacids (GABA, glycine, proline and taurine)transporters. However, the substrates of Rxt1 and V-7-3-2 have not yet
been identified. Northern blot studies already demonstrated that these two
"orphan" transporters are exclusively synthesized in the CNS. Further
studies on regional distributions of mRNA encoding Rxt1 and V-7-3-2 were
presently performed by means of in situ hybridization with specific
[35s ]c RNa antisense probes. In general, both distributions superimposed
each other with high to moderate densities of Rxt1 and V-7-3-2 mRNAs in
the hippocampus, cerebellum, pontine nucleus, olfactory tubercle and bulb,
and spinal cord. However, differences were also noted since Rxt1 mRNA
was aboundant in the thalamus whereas V-7-3-2 mRNA was hardly
detected in this region. Furthermore, within the substantia nigra, mRNA

encoding V-7-3-2 was found exclusively in the pars reticulata whereas that
encoding Rxt1 was visualized only in the pars compacta. At the
hippocampal level, the pyramidal (CA1-3) and granular cell layers were
found to express both mRNAs, but only Rxt1 mRNA was observed in the
hilus of the dentate gyrus. Complementary immunohistochemical studies
with specific polyclonal antibodies showed that the Rxt1 protein was
concentrated in brain regions receiving glutamatergic and/or GABAergic
inputs. At the ultrastructural level, Rxt1 was found to be associated
exclusively with nerve endings. Current studies on the cellular and
subcellular distributions of the V-7-3-2 protein with specific antibodies
should help in further assessing the differences versus similarities between
these two "orphan" members of the same transporter family.
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A NOVEL KINASE (DLK) IS EXPRESSED IN NEURONS. M. Mata»1.G.

Role of Cl and C2 domains in the cw-fatty acid activation of protein
kinase C. Feleke Eshete. Hyun Chung and Kentaro Murakami*.
Department of Biochemical Pharmacology, SUNY-Buffalo, NY 14260
Protein kinase C (PKC) has been shown to participate in the
regulation of synaptic plasticity in the brain. cw-Unsaturated fatty acids
(cFA) such as arachidonic acid activate PKC independently or synergistically with diacylglycerol (DAG) in vitro. Recent studies using slice
preparations showed that the synergistic activation of PKC by cFA and
DAG is also operative in the hippocampus (Chen and Murakami,
Neuroscience, in press). A tandem repeat of cysteine rich zinc finger-like _
sequence present in the Cl regulatory domain in PKC has been
considered to be the DAG interaction site, as atypical PKC such as PKC
Z which lacks one of these cysteine rch domains is insensitive to phorbol
esters and DAG. The nature of interaction of cFA with PKC and the
basis for the synergistic interaction with DAG in the activation of PKC is
not yet known. To address these questions, we have generated PKC
mutants in which Cl or C2 regulatory domain is deleted and expressed in
COS-7 cells. Comparison of the biochemical characteristics of these
mutated enzymes with wild type PKC shows that the*' alteration of the
regulatory domain significantly affects the sensitivity of PKC to cFA.
Further studies are underway to determine the role of Cl and C2 domains
in synergy of cFA with DAG, translocation to the membrane and
substrate specificity. (Supported by NIH MH48973)

Jiang1, D.J. Fink1, and L.B. Holzman2. 1 Department of Neurology,

University of Pittsburgh, Pittsburgh, PA 15261, and dDppartment of
Medicine, University of Michigan, Ann Arbor, Ml 48109.
DLK (dual leucine zipper bearing kinase) is a serine-threonine protein
kinase in the family of mixed lineage kinase that was identified and found
in brain, kidney, and ovary (Holzman et al. 1994).
Non-radioactive in situ hybridization with a riboprobe generated from a
Pstl (1790-3460) cDNA fragment demonstrated a high level of
expression of DLK in most neurons of the cerebral cortex, dentate gyrus
and CA regions of hippocampus, basal ganglia and brain stem nuclei,
cerebellar Purkinje cells, spinal cord and dorsal root ganglion neurons.
Western blot analysis of protein from cerebral cortex, hippocampus,
brain stem and spinal cord, using an antibody to the carboxy terminal
region of the fusion protein revealed a 130 kd protein corresponding to
the translation of the DLK mRNA. Sub-cellular fractionation of tissue from
rat cerebral cortex revealed that DLK appeared to be associated with the
100,000g membrane fraction, despite lacking a transmembrane domain,
and is found enriched in synaptosomes isolated from rat forebrain.
In brain aggregating cultures, DLK appeared as a doublet by reducing
SDS-PAGE electrophoresis. Inhibition of serine-threonine protein
phosphatases by okadaic acid (5nM and 2OOnM) reduced its
electrophoretic mobility suggesting that DLK phosphorylation is probably
under the regulatory control of PP1.
This results suggest that DLK is synthetized in neurons, is membrane
associated, and found in synaptosomes. DLK may play a role in signal
transduction a the synapse.
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PURIFICATION AND CHARACTERIZATION OF PKMZ, THE
CATALYTIC FRAGMENT OF THE PROTEIN KINASE C Z
ISOFORM. E. Sublette*. S. Hrabetova. T.C. Sacktor. Depts. of
Pharmacology and Neurology, State University of New York
Health Science Center, Brooklyn NY 11203.
We have previously described a brain-specific, constitutively
active carboxy-terminal fragment of PKCZ (PKM), which has been
implicated as an important element in hippocampal long-term
plasticity: levels of PKMZ increase in LTP (Sacktor et al. PNAS
90: 8342,1993) and decrease in LTD (see Hrabetova and Sacktor,
these abstracts). Physiological experiments with chelerythrine, a
specific inhibitor of the catalytic domain of PKC, provide further
evidence that PKMZ is required for the maintenance of both LTP
and LTD (ibid.).
Here we present a characterization of rat brain PKMZ, purified
with DEAE-Sepharose, heparin-Sepharose and hydroxyapatite
column chromatography. PKMZ was isolated from all other PKC
isoforms, as well as from full-length PKCZ. PKMZ shows catalytic
activity toward a number of substrates, including Ae
pseudosubstrate peptide and histone HIS. Inhibitory properties of
chelerythrine are also examined with respect to PKMz . An
understanding of the characteristics of PKMZ may lead to more
precise approaches for elucidating the function of this molecule in
long-term synaptic plasticity.

ENDOGENOUS FACILITATION OF NORADRENALINE RELEASE FROM
SYMPATHETIC NERVES THROUGH PHOSPHOLIPASE C GENERATION OF
DIACYLGLYCEROL AND ACTIVATION OF PROTEIN KINASE C.
H. Majewski*. A. Hoare & T.V. Murphy Prince Henry's Institute of Medical
Research, P.O. Box 5152, Clayton, Victoria 3168, Australia
We have previously shown that inhibition of protein kinase C (Musgrave &
Majewski, 1989; Naunyn Schmiedeberg's Arch. Pharmacol. 339,48-53) or protein
kinase C down-regulation (Foucart et al., 1991 Molec Neuropharmacol. 1, 95-101)
attenuates high but not low frequency release of noradrenaline from sympathetic
nerves, suggesting that high output noradrenaline release is maintained by
endogenous activation of protein kinase C. The present study was to investigate this
hypothesis further in rat atria whose transmitter stores were radiolabelled with
[*H]noradrenaline. When the atria were field-stimulated at 10 Hz for 5, 10 or 15 s,

there was a progressive increase in noradrenaline release and the protein kinase C
inhibitor polymyxin B (21 pM) inhibited noradrenaline release at the long (10 and 15
s) but not the short (5s) duration stimulation. This suggests that activation of protein
kinase C increases during the stimulation train. The phospholipase C inhibitor
U73122 (3 pM) significantly inhibited noradrenaline release at the longer trains and
polymyxin B added with U 73122 had no further effect suggesting that both drugs
operate through the same pathway. The diacylglycerol kinase inhibitor R-59949 (1
pM), which prevents the breakdown of endogenous diacylglycerol, significantly
elevated noradrenaline release evoked by the longer stimulations. However, in the
presence of polymyxin B, R-59949 had no effect on noradrenaline release suggesting
the involvement of protein kinase C. From these results we suggest that during a
train of stimuli there is progressive activation of phospholipase C which results in
diacylglycerol formation which in turn activates protein kinase C to facilitate
noradrenaline release.

812.5

812.6

A NOVEL MEK KINASE ACTIVATES TWO DISTINCT MAP
KINASE SIGNALING CASCADES.
E.M. Elliott*. LL
Blank. P. Gerwins. S. Sather. and G.L. Johnson. Div. Basic
Sci., Natl. Jewish Ctr., Denver, CO 80206
MAP kinase (mitogen-activated protein kinase) activation
defines a kinase cascade initiated by extracellular ligands binding
to particular growth-factor and Gj-coupled receptors. A novel
component of this kinase cascade termed MEKK2 (MAPKK
kinase) has been cloned and sequenced.
Two in-frame
termination codons are located in the 5' untranslated region
followed by an initiation methionine. The cDNA encodes a
protein of 619 amino acids, corresponding to a molecular size of
69 kD.
The MEKK2 protein was expressed in HEK 293 cells to
determine its role in the MAP kinase signaling cascades.
Expression of MEKK2 activates MEK1 and MKK4 (both
MAPKK) and ERK1 and JNK (both MAPK). Thus, MEKK2
activates two distinct MAP kinase cascades: (1) MEKl-» ERKl
and (2) MKK4-* JNK. Both ERK and JNK activate trmscription
factors thereby completing the transduction of extracellular
signals to the nucleus for the control of specific gene
transcription.

ISOZYMIC DIFFERENCES IN THE INACTIVATION OF
CA1+/CALMODULIN-DEPENDENT PROTEIN KINASE II DURING
AUTOPHOSPHORYLATION. A. Hudmon*. S. J. Kolb. J. Aronowskit
and M. N. Waxham. Dept, of Neurobiology and Anatomy, tDept. of
Neurology, University of Texas Health Science Center, Houston, Texas
77025.
Purified forebrain Ca2+/calmodulin-dependent protein kinase II
(CaM-kinase) undergoes a time-dependent inactivation that is sensitive to
the conditions of autophosphorylation. We extend these findings by
demonstrating that isozymes of CaM-kinase containing different ratios of
alpha (50 kDa) and beta (60 kDa) subunits produce differential timecourses of enzyme inactivation during conditions of autophosphorylation.
Purified forebrain CaM-kinase (3:1, alpha:beta) loses approximately 80%
of its activity, while purified cerebellar CaM-kinase (1:4, alpha:beta) was
observed to lose less than 30% of its activity during autophosphorylation
in identical conditions. This observation was extended to both cytosolic
preparations and crude homogenates of forebrain and cerebellar enzyme.
Recombinantly expressed alpha or beta subunits of CaM-kinase undergo
alterations in enzyme activity that parallel the dominant isozymic traits
associated with forebrain and cerebellar CaM-kinase. These data indicate
that differences in the ratio of alpha and beta subunits composing the
holoenzyme produces isozymes of CaM-kinase with different apparent

rates of inactivation, indicating that the beta subunit is not as susceptable
to autophosphorylation-associated enzyme inactivation as the alpha subunit.

812.7

812.8

DOMAIN
ANALYSIS
OF
ASSOCIATIONS
BETWEEN
CALCIUM/CALMODULIN-DEPENDENT PROTEIN KINASE II
(CaMKII) SUBUNITS USING A YEAST TWO-HYBRID SYSTEM
S J.Kolb*. A.Morris*. A.Hudmon and M.N.Waxham
Dept, of
Neurobiol. and Anatomy, *Dept. of Integrative Biology, Univ. of Texas
Med. Sch. Houston; TX 77030.
CaMKII subunits form functionally important protein-protein
interactions with other CaMKII subunits to form holoenzymes. We have
analyzed the association of the two major neuronal isoforms, a and P in
intact cells using a yeast two-hybrid system. Expression of these subunits
in mammilian cell culture has suggested, in one study (Yamauchi et al.,
(1989) JBC, 264 pl91O8) that P subunits do not polymerize unless
coexpressed with a. We detect a-a, a-p, and P-P associations between
hybrid proteins in yeast. The detection of the p-P association is supported
by electron microscopy studies involving purified subunits from rat brain
that have suggested that pure a-containing holoenzymes and pure Pcontaining holoenzymes exist (Kanaseki et al (1991) JCB 155, p^O49). By
deletion analysis, we have confirmed that the C-terminal domain is
essential and sufficient for subunit association. Moreover, associations
between different domains within the same subunit, including the unique
domain in the P subunit, are currently under investigation. Our findings
suggest that the yeast two-hybrid system is a useful add^'tion to current
techniques designed to study the interactions within CaMKII subunits and
holoenzymes.

NMDA RECEPTOR ACTIVATION LEADS TO PHOSPHORYLATION OF
ELONGATION FACTOR-2: A POTENTIAL ROLE FOR NMDA RECEPTORS IN
CONTROLLING PROTEIN SYNTHESIS. A.J. Scheetz*. A.Naipi* and M
Constantine-Paton • Yale University, Department of Biology and * Rockefeller
University.
We are studying NMDA receptor-stimulated protein phosphorylation in the
developing tadpole tectum, where structural synaptic plasticity is prominent. Using an
in situ phosphorylation assay, we have previously detected 5 proteins whose
phosphorylation is stimulated by NMDA receptor activation. One of these proteins,
NARPP-90, has an isoelectric point and molecular mass similar to that of elongation
factor 2 (EF-2), which is an enzyme that catalyzes the translocation of peptidyl-tRNA
from the A site to the P site on the ribosome during protein synthesis. Phosphorylation
of EF-2 by a novel calcium and calmodulin-dependent kinase (CaM kinase III)
eliminates EF-2’s ability to support translation and is associated with mitogenic
transformation in some non-neuronal cells. Using antibodies specific to the
phosphorylated form, we have examined whether EF-2 becomes phosphorylated when
NMDA receptors are stimulated in the tadpole retinoteetal projection. Stimulation of
tecta with 50 pM NMDA + 10 pM glutamate (NMDA treatment) caused a minimum
of 30-fold increase in phospho-EF-2 as detected by western blotting. Furthermore, like
NARPP-90, EF-2 phosphorylation was not stimulated by application of either 60 pM
AP-5 + 10 pM glutamate or 10 pM glutamate alone. As with NARPP-90, NMDA
treatment of adult frog tecta, where synaptic plasticity is greatly attenuated, does not
lead to EF-2 phosphorylation. Finally, western blotting of 2-dimensional gels with a
pan-EF-2 antibody revealed that EF-2 comigrates with NARPP-90. These data indicate
that NARPP-90 and EF-2 have similar properties and may be the same protein. They
also suggest that NMDA receptor stimulation may transiently prevent protein
synthesis which could be permissive for the transition of young synapses from an
immature state to a more stable form.
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CLONING AND EXPRESSION OF A NOVEL BRAIN-SPECIFIC P2lACTIVATED PROTEIN KINASE (PAK2). KJ. Ivins*. M.R. Kozlowski S.P.
Manly. N. Freshnev. L. Feig. R.L. Neve. Molecular Neurogenetics Laboratory,
McLean Hospital, Belmont MA 02178; Geron Corporation, Menlo Park, CA; TUfts
University, Boston, MA; Bristol Myers Squibb PRI, Wallingford, CT.
The p2l GTP-binding protein (p2l) ras mediates the activation of the MAPK

ATP-EVOKED INOSITOL PHOSPHATE FORMATION THROUGH
ACTIVATION OF P2J AND P2Y PURINERGIC RECEPTORS IN

pathway following stimulation of extracellular growth factor receptors. The rasrelated p2ls of the rho family (rho, rac, and cdc42) mediate parallel pathways of
signal transduction that are thought to modulate cytoskeletal function; but the
components of these pathways have not been identified. We have cloned a rat
hippocampal cDNA encoding a novel 61-kD p2l activated kinase (PAK2) that is
83% identical to a previously identified p65 PAK (Manser et al., Nature 367:40,
1994). RNA blot analysis showed that the 11 kb RNA encoding PAK2 is
preferentially expressed in the nervous system. At least 4 alternatively spliced 5'
UTR sequences have been identified, suggesting possible translational control of
PAK2 expression. In situ hybridization histochemistry (ISSH) demonstrated that
PAK2 RNA is widely distributed in adult rat brain, with high levels in
hippocampus, amygdala, cortex, and the raphe nucleus; moderate levels in
thalamus; and low levels in the caudate nucleus and cerebellum. In the E18 rat
nervous system, PAK2 RNA is expressed at high levels in spinal cord and dorsal
root ganglia as well as in brain, suggesting that PAK2 may also have a role in
development. In pull-down assays using GST-p2l fusion proteins, 35S-PAK2 was
precipitated by GST-racl-GTTyS and by GST-cdc42-GTPyS, but not by GST-rhoAGTPyS or by any of the GST-p2l fusion proteins loaded with GDPyS. These results
suggest that GTP-bound racl and cdc42 interact directly with PAK2. Furthermore,
myc-tagged PAK2 expressed in COS-7 cells was immunoprecipitated with anti-myc
antibody. Immunoprecipitated myc-PAK2 phosphorylated myelin basic protein in
(he presence of racl-GTPyS and cdc42-GTPyS, but not in the presence of racl GDPyS or cdc42-GDPyS. Therefore, PAK2 is a functional kinase likely to be
involved in neuronal signal transduction mediated by racl and cdc42.

ASTROCYTES: REGULATION BY PKC SUBTYPES a, 8 AND 0.
C.C. Chen* and W.C. Chen. Institute of Pharmacology, College of Medicine,
National Taiwan University, Taipei, Taiwan.
ATP-induced phosphoinositide (PI) hydrolysis were studied in cultured astrocytes.
To characterize the P2 purinergic receptor-mediated effects of ATP, subtype specific

agonists 2-methylthio ATP (2-MeSATP), UTP and a,P-methylene ATP were
comparatively studied. ATP, UTP or 2-MeSATP induced a dose-dependent increase
of inositol phosphate (IP) accumulation, a,p-methylene ATP had no effect. Crossdesensitization experiments indicated that ATP interacts with both P2y and P2Y
receptors. The effect of ATP, UTP or 2-MeSATP was inhibited markedly by
pretreatment of cells with pertussis toxin (PTX). All these results suggested that
ATP interacts with P2y and P2Y receptors coupled to PLC through PTX-sensitive G
protein to mediate PI response in astrocytes. Short-term (10 min) treatment of cells
with 1 gM TPA attenuated ATP, UTP and 2-MeSATP-induced PI breakdown,
however, long-term (24 h) pretreatment resulted in marked potentiation of ATP and
UTP responses and restoration of 2-MeSATP response. Further analyze the effect of
TPA, 10 and 90 min pretreatment attenuated ATP and UTP-induced PI breakdown,
but this inhibitory action was lost after 3 h treatment. Both 6 and 24 pretreatment
resulted in a marked potentiation. Western blot analysis showed translocation of
PKCa, PKC8 and PKC0 from the cytosol to the membrane following 10 and 90 min
treatments and restoration to basal levels in the membrane fraction was seen after 3 h
treatment. On the other hand, partial and complete down-regulation of these two
isoforms were seen after 6 and 24 h treatment, respectively. However, PKCn was
translocated but not down-regulated by TPA. These results suggested that PKCa,
PKC8 and PKC9 but not PKCn may exert a tonic inhibition on P2y receptormediated PI turnover in unstimulated astrocytes.

812.11

812.12

PHORBOL 12,13-DIACETATE (PDAc) CAN MIMIC THE NEURONAL
EXCITATORY ACTION OF PHENYLEPHRINE (PhE). L.-M. Kow*. S.N.
Carson, and D.W. Pfaff. The Rockefeller University, 1230 York Ave., New York,
NY. 10021.
PhE can facilitate lordosis in female rats primed with estrogen and excite neurons
in hypothalamic ventromedial nucleus (VMN) through the activation of a,-adrenergic
receptors, which are coupled to the phosphoinositol second-messenger pathway. We
previously showed that PhE’s behavioral effect could be mimicked by TPA (Brain
Res. 660:241, 1994), and now used in vitro electrophysiological approach to see if
the same also applied to its neuronal action. When the activity of single units
recorded from VMN in hypothalamic slices was excited by PhE, a phorbol ester or
related agent was infused into the chamber bathing the slice. Applications of PDAc
excited 8 of the 10 (8/10) PhE-excited neurons at 10 gM, 3/5 at 5 gM, 2/3 at 2.5 gM
and 5/8 at 1.0 gM. However, as the concentration decreased, the excitation became
less steep and the latency to excitation prolonged. In contrast, applications of inactive
phorbol esters (0/12 units at 10 gM, 0/2 at 5 gM and 0/3 at 1 gM) or the solvent
DMSO (0/7 at 0.043 % for 10 gM phorbol esters) was never effective. Surprisingly,
administration of 12-O-tetradecanoyl phorbol 13-acetate (TPA) excited only 1/17 units
at 10 gM and 0/5 at 5 gM. To see if the activation of protein kinase C (PKC) was
involved, hypothalamic slices were incubated with phorbol esters or control agents at
34-37°C for
18 hours. In slices incubated with PDAc (10 or 20 gM) to deplete
PKC, PhE excited 4/13 neurons. This responsiveness is significantly lower than the
9/12 and 6/8 from slices incubated with the inactive 4a-PDAc (10 or 20 gM) or
DMSO (0.043 %), respectively. Thus, the excitatory action of PhE can be mimicked
by PDAc but not by TPA, and the action appears in part to involve the activation of
PKC. PDAc and TPA might differ in their effectiveness and/or selectivity of PKC
isoform activation. (Supported by PHS NS3O824 from NINDS)

MUSCARINIC RECEPTOR ACTIVATION POTENTIATES
LITHIUM-INDUCED DOWN-REGULATION OF THE PKC
SUBSTRATE MARCKS IN IMMORTALIZED HIPPOCAMPAL
CELLS. R.H. Lenox12'3* and d .g . Watson! Departments of
Psychiatry f Pharmacology2 and Neuroscience3, University of Florida
College of Medicine, Gainesville, FL 32610.
We previously reported that chronic exposure of an immortalized
hippocampal cell line (HN33 cells) to lithium chloride (1-10mM)
produces a dose-dependent down-regulation of the PKC substrate
MARCKS (Myristoylated Alanine-Rich C-Kinase Substrate).
Additionally, it was determined that the lithium-induced reduction in
MARCKS protein was dependent upon the concentration of inositol,
and was reversed in the presence of high inositol concentrations. In the
present study we have examined the effect of muscarinic receptor
activation on the expression of MARCKS protein in lithium-treated
HN33 cells. Using [3H]NMS binding we have determined that HN33
cells express muscarinic receptors (Bmax: 48 fmol/mg protein) which
are coupled to an IP3/DAG response. Carbachol stimulation of
[3H]inositol-loaded HN33 cells produces a dose-dependent
accumulation of inositol phosphate in the presence of lithium chloride.
When HN33 cells were exposed to lithium chloride (1-5mM) under
limiting inositol conditions, addition of ImM carbachol significantly
potentiated the lithium-induced down-regulation of the MARCKS
protein. The magnitude of the MARCKS protein down-regulation
following carbachol stimulation was greater in the membrane-bound
fraction relative to the soluble fraction. Lithium's proposed action on
PKC-mediated events, such as expression of MARCKS protein in brain,
appears to be related to inositol concentration and receptor mediated
signalling through the IP3/DAG pathway. (Supported by NIMH grant
MH50105).

812.13
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CYCLIC GMP-DEPENDENT PROTEIN KINASE TYPE H
EXPRESSION IN THE RAT BRAIN; AN RT-PCR AND IN SITU
HYBRIDIZATION STUDY. A, El-Husseini*. C. Bladen and S. R. Vincent.

NITRIC OXIDE REGULATES CYCLIC GMP-DEPENDENT PROTEIN
PHOSPHORYLATION IN RAT BRAIN. C. Bladen. A, El-Husseini and S .R.
Vincent.* Division of Neurological Sciences, Department of Psychiatry, The
University of British Columbia, Vancouver, B.C. Canada V6T 1Z3.
Nitric oxide acts via its receptor, soluble guanylyl cyclase, to increase cGMP levels
and regulate various proteins including cGMP-dependent phosphodiesterases, ion
channels and protein kinases. Two cGMP-dependent protein kinases have been
identified in the mammalian brain, Type I, in Purkinje cells and the basal ganglia,
and the recently identified Type n, which is more widely expressed throughout the

Division of Neurological Sciences, Department of Psychiatry, The University of
British Columbia, Vancouver, Canada, V6T 1Z3.
Cyclic GMP is produced in neurons through the activation of cell surface
guanylyl cyclases tty the atriopeptides, and soluble guanylyl cyclase by nitric oxide.
Cyclic GMP can alter cellular responses tty regulating many proteins including
cGMP-dependent protein kinases, phosphodiesterases and ion channels.
Immunohistochemical studies have shown that cGMP-dependent protein kinase type

I is expressed in Purkinje cells and in the basal ganglia. We have used the reversetranscription-polymerase chain reaction (RT-PCR) and in situ hybridization
techniques to examine the expression of cGMP-dependent protein kinase type II
(cGK II) in the brain. A PCR product with the size predicted from the cDNA for
cGK II was detected in various regions of the brain, with highest expression in the
thalamus. The amplified product of this cDNA was subcloned, sequenced and
shown to be cGK n. In situ hybridization with riboprobes derived from the cloned
cGK n PCR product indicated that this kinase was highly expressed in the outer
layers of the cortex, the septum, amygdala and olfactory bulb with highest levels in
the thalamus. High amounts of cGK II mRNA were also found in specific brain stem
loci including the medial habenula, the subthalamic nucleus, the locus ceruleus, the
pontine nucleus, the inferior olivary nuclei, and the nucleus of the solitary tract.
Only low levels of cGK n mRNA were detected in the striatum, cerebellum and
hippocampus. These data suggest that the effects of guanylyl cyclase activators, such
as nitric oxide and the atriopeptides, in various regions of the central nervous system

may be mediated through cGK II, which is widely expressed in the brain.
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brain, particularly in the thalamus (El-Husseini et al., J. Neurochem. in press). We
have compared the regulation of protein phosphorylation in the cerebellum and
thalamus by the NO-cGMP signal transduction system.
Phosphorylation
experiments were carried out in vitro on the soluble and particulate fractions of both
these tissues using y^P-ATP, and labeled proteins were examined following
separation on 5-20% SDS-PAGE and exposure to X-ray film. One group of animals
was injected with 20 mg/kg 7-Nitroindazole, 1 h prior to preparation of the fractions
for protein kinase assays, in order to inhibit endogenous NO production in the brain.
This treatment dramatically decreased the in vitro phosphorylation of a soluble 72kD
protein. This appears to represent the autophosphorylation of the Type II cGMPdependent protein kinase, since it was unaffected by R/>-8-bromo-cGMP, which is

an inhibitor of the Type I, but a weak agonist of the Type II kinase. In the thalamus,
this autophosphorylation could be restored, and indeed, significantly enhanced, by
the addition of cGMP to the phosphorylation reaction. The labeling of this protein
was even greater in the presence of 8-bromo-cGMP or cGMP plus IBMX. Labeling
of a particulate protein of 46 kD was also reduced in both tissues following inhibition
of NO synthase, and this could again be reversed by exogenous cGMP or 8-bromocGMP. These results indicate a role for endogenous NO in the regulation of protein
phosphorylation by Type II cGMP-dependent protein kinase in the brain.
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STAUROSPORINE, Go-6976, AND K-252a ENHANCED KCI-EVOKED
RELEASE OF 3H-NE FROM HUMAN NEUROBLASTOMA SH-SV5Y
CELLS. D.B. Hawver*. A. Rashid. G. Chen. H.K. Manji. and W.Z. Potter.
Section of Clinical Pharmacology , Experimental Therapeutics Branch,
NIMH, and PRAT Program, NIGMS, NIH, Bethesda, MD 20892.
To explore the role of kinases in the regulation of neurotransmitter release, we have studied the effects of various kinase activators and inhibitors on the release of 3H-NE from cultures of human neuroblastoma
SH-SY5Y cells. We found that the non-specific kinase inhibitor, staurosporine (STR), strongly enhanced the amount of 3H-NE released during a
7 min incubation with 100 mM KCI, without affecting basal release. Maximal
effect required a preincubation of 1 hour and a dose of 50-70 nM. Two
STR analogues, G6-6976, and K-252a, similarly enhanced release.
Another analogue, GF-109203X, thought to be a more specific inhibitor of
Protein Kinase C (PKC), inhibited 3H-NE release at 2 pM. The PKC activators, PMA 'and thymeleatoxin (THM), enhanced KCI-evoked release when
preincubated 14 min at 100 nM and 1 pM, respectively, and these effects
appeared to be additive to those of STR, GO-6976, and K-252a, suggesting that the activators and inhibitors may act via separate pathways.
Moreover, down regulation of PKC isozymes a and e by 24 hr treatment
with 100 nM PMA or 1 pM THM abolished the enhancement of release by
PMA or THM, but left intact the effects of STR, GO-6976, and K-252a.
Twenty-four hr treatment with 1 pM PMA, however, did abolish the
enhancement induced by these agents, implying that there may be a PKCsensitive step in their mechanisms, also. Finally, since both KN-62 (10 pM),
a CaM Kinase II inhibitor, and Genisteiri (50 pM), a tyrosine kinase inhibitor,
significantly inhibited KCI-evoked 3H-NE release, it appears that multiple
kinases are involved in the regulation of transmitter release in this system.
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ACTIVATION OF THE PERIPHERAL CANNABINOID
RECEPTOR (CB2) INHIBITS ADENYLATE CYCLASE

TRANSMEMBRANE SIGNAL TRANSDUCTION SYSTEMS MEDIATING
CHOLINERGIC REM SLEEP GENERATION. ML Capece. MA. Fleegal.
HA Baghdovan. and R Lvdic*. Department of Anesthesia, Pennsylvania State
University, College of Medicine, Hershey, PA 17033
The cholinergic regulation of REM sleep has been studied in detail, yet the
complex signal transduction pathway(s) responsible for REM sleep generation are
unknown. Considerable data show that muscarinic receptors in the medial pontine
reticular formation (mPRF) are important for REM sleep generation (NeuroReport
5:1631,1994). Most recently, Gi and Gs-like G-proteins have been shown to act as
transducers in the ability of mPRF carbachol administration to cause a REM sleeplike state (Am. J. Physiol. 269:(in press), 1995). As an initial step toward
identifying the second messengers involved in REM sleep generation, the present
study is testing the hypothesis that increasing cAMP in the mPRF will block
cholinergic REM sleep generation. Cats (N=3) were implanted with standard
electrodes for measuring states of waking, non-REM and REM sleep and with guide
tubes for mPRF drug administration. Polygraphic recordings were made for 2 hrs
following mPRF microinjection (n) of saline (control, n=l3); carbachol (8.7mM,
n=l2); forskolin, an activator of adenylate cyclase and a stimulator of cAMP
(7mM, n=8); carbachol following forskolin pretreatment (n=9); dibutyryl cAMP, a
cAMP analog (87mM, n=6); and carbachol following dibutyryl cAMP pretreatment
(n=6). After all microinjections of forskolin, 2 hr recordings were made 24 hr
(n=l7) and 48 hr (n=l7) post-injection and 24 hr (n=l2) after dibutyryl cAMP. The
carbachol-induced REM sleep-like state was significantly (p<0.05) decreased by
mPRF pretreatment with forskolin (-34.7%) and dibutyryl cAMP (-49.5%). In
contrast, forskolin alone and dibutyryl cAMP alone had no immediate or long term
effect on natural REM sleep. These data suggest that cholinergic REM sleep
generation is mediated, in part, by pontine adenylate cyclase and cAMP.
Support: MH-45361 (HAB); HL-40881 (RL); Departments of Anesthesia and
Neuroscience & Anatomy.

Bayewitch MJ. Avidor-Reiss T.i, Levy R.1 Mechoulam R.2. Barg
JJ, and Vogel Z.*1. Dept. of Neurobiology1 Weizmann Institute of
Science, Rehovot, • Israel, Department of Natural Products2, Faculty of
Medicine, The Hebrew University of Jerusalem, Jerusalem, Israel.
Two types of cannabinoid receptors have been recently cloned. The
brain cannabinoid receptor (CB1) and the peripheral cannabinoid
receptor (CB2). The CB2 receptor was shown to be expressed in the
HL-60 promyelocytic leukemia cell line after differentiation with TPA
and it is not present in brain (Munro et al., Nature 365:61-65).
Activation of CB 1 with tricyclic cannabinoids or with endogenous
cannabinoid ligands, the anandamides, was shown to inhibit
adenylate cyclase (AC) activity in rat brain homogenates, in Nl 8 TG 2
neuroblastoma cells, and in cells transfected with CB1. We have
recently established a stable CHO cell line that expresses CB2. Using
this cell line we found that the receptor binds a variety of tricyclic
cannabinoid ligands as well as anandamides. In addition, we found
that activation of CB2 leads to inhibition of AC (stimulated by
forskolin, PGEi, or cholera toxin). The maximal level of inhibition
was approximately 50%. The EC50 values were 3, 47, and 350 nM
for HU210, HU293a, and HU293 respectively. The inhibition of AC
by cannabinoids was abolished by pretreating the cells with 100 ng/ml
pertussis toxin indicating that CB2 couples to the Gj/Go family of
GTP binding proteins. Supported by a grant from the Forschheimer
Centerfor Molecular Biology.

813.3

813.4

GONADAL STEROID MODIFICATIONS OF RECEPTOR-INDUCED
RESPONSES IN CULTURED NEURONAL CELLS. I. Lopez-Coviella.
R Alonso*. & F. Hemandez-Diaz. Lab. of Neuroendocrinology, University
of La Laguna Medical School, 38320 S/C de Tenerife, Spain.
The generation of second messengers following receptor activation may
depend on receptor sensitivity, coupling of agonist-bound receptor to
GTP-binding proteins, and extent of activation of effector proteins. Steroid
hormones may affect each one of these steps. Incubation of GnRH prodrcing
neurons (GTl-7 cell line) for 48 hours with 100 nM estradiol (E) completely
suppressed norepinephrine-induced intracellular cAMP accumulation. This
effect was completely reversed by a 15-minute incubation period with 100 nM
progesterone (Pg) or progesterone-3-BSA (Pg-BSA; a derivative that does not
cross cell membranes), prior to norepinephrine (NE) treatment. The addition
of 1 pM colchicine to the medium of E)-untreated cells, 1 hour before
harvesting, produced a 35% increase in basal cAMP levels. This increment
did not occurred in Entreated cells. However, colchicine increased cAMP
levels in the presence of E- when cells had been stimulated with NE. Thus, as
Pg and Pg-BSA, colchicine also reversed the effect of Ej. These results may
constitute the first indication of a direct effect of ovarian steroids on the
response of GnRH neurons to a neurotransmitter, and suggest that genomic
and non-genomic effects of gonadal steroids could alter receptor-effxtor
coupling by different mechanisms. Data on steroid receptors and cytoskeletal
proteins that may be regulating these events in this and other cell lines are
presented. (Supported by DGICYT PM920160, GAC 92069, & GAC 93-002)
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CHRONIC ANTIDEPRESSANTS TREATMENT ENHANCE
ROLIPRAM INDUCED BEHAVIORS IN RATS H. Ozawa*1. H.
KamadaLM. Yamamoto1, N. Amemiva2. S. Hatta2, T; Saito1. H.
Ohshika2 and N. Takahatah Dept, of ‘Neuropsychiatry and
Pharmacology, Sapporo Medical University, School of Medicine,
Sapporo 060, Japan.
It has been reported that treatment with rolipram, a selective cAMP
phosphodiesterase inhibitor which reflects the enhanced availability of
cAMP in the brain, results in an extraordinary behavioral syndrome
characterized by head twitches (HT), forepaw shaking (FS), grooming
and hypothermia in the rat. These particular behavioral alterations in rats
induced by rolipram contribute to the enhanced availability of cerebral
cAMP. The goal of the present study is to examine the connection between
the second messenger system and animal behaviors induced by
psychotherapeutic drugs. Sprague-dawley male rats were injected (i.p)
once daily for 1-21 days with saline and amitriptyline (lOmg/Kg),
imipramine (lOmg/Kg), clomipramine (lOmg/Kg), milnacipran
(2Omg/Kg), fluoxetin (lOmg/Kg), fluvoxamine (25mg/Kg), trazodone
(20mg/Kg), chlorpromazine (lOmg/Kg) or lithium (3mEq/kg). The
numbers of rolipram (10 mg/Kg) induced HT, FS and Gr actions were
counted l5min after rolipram injection for 45 min. Rectal temperature was
measured immediately before and 50 min. after rolipram administration.
Administration of chronic (14-21days) but not acute tricyclic
antidepressants and atypical (trazodone) or novel antidepressants (SSRIs
or milnacipran) augmented rolipram-induced behaviors (especially HT).
Contrary to the effects of antidepressants, chronic chlorpromazine or
lithium administration decreased those behaviors. These findings provide
symptomatic documentation that elevation of the cAMP cascade system
may have an important role in antidepressive effects .
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FUNCTIONAL CHARACTERIZATION OF A2b
ADENOSINE
RECEPTORS
EXPRESSED
BY
HUMAN
NONPIGMENTED
EPITHELIAL (NPE) CELLS 5. Mehdi Rezazadeh*, Felicia Terry and
Michael W. Martin. Department of Pharmacology, University of North Texas
Health Science Center at Forth Worth, Fort Worth, Texas 76107.
Activation of A1 and A2 adenosine (ADO) receptors results in either inhibition
or stimulation of adenylyl cyclase (AC), respectively. In the present study, we
characterized the AC responses of human NPE cells to a series of ADO receptor
agonists and antagonists. Accumulation of cyclic AMP (cAMP) was determined
by measuring the conversion of 3H-ATP to 3H-cAMP after pre-labelling cells with
3H-adenine. Cells incubated in serum-free media had low levels of cAMP and the
PDE inhibitor RO2O-1724 increased these levels only marginally. Addition of the
isoproterenol (ISO) or the receptor-independent activator forskolin (FSK)
markedly elevated cAMP levels. No evidence for A1 receptor-mediated inhibition
of basal, ISO-, or FSK-stimulated AC activity was observed. In fact, the Alselective agonist 6-chloro-N6-cyclopentyladenosine stimulated AC activity at
concentrations >10 gM and in the presence of 1 gM FSK synergistically activated
cAMP accumulation, even at nanomolar concentrations. Adenosine stimulated
cAMP accumulation but with relatively low potency (EC50 = 54 gM). The rank
order of potency of other receptor agonists was NECA > R(-)PIA > CGS21680.
5’-N-ethylcarboxamidoadenosine (NECA)-stimulated (lgM) cAMP accumulation was competitively antagonized by both xanthine (8-cyclopentyl-1,3dipropylxanthine [CPX] and 8-(3-chlorostyryl)caffeine [CSC]) and non-xanthine
(CGS 15943A) ADO antagonists. The rank order of potency was CSC>CGS
l5943>CPX. These data indicate that NPE cells express a ‘low affinity” A2b
receptor subtype. (Supported by NIAAA-AO689O and UNTHSC Grants).

PK 11195 BLOCKS THE INHIBITORY EFFECT OF BENZODIAZEPINES
ON FORSKOLIN-STIMULATED ADENYLATE CYCLASE ACTIVITY IN
STRIATUM. C.C. Tenn*. J.M. Neu and L.P. Niles. Department of Biomedical
Sciences, McMaster University, Hamilton, Ontario, Canada, L8N 3Z5.
In this study, we investigated the effects of benzodiazepine (BZ) receptor
antagonists, on the inhibition of forskolin-stimulated adenylate cyclase (AC)
activity by various BZs in the rat striatum. Male Sprague Dawley rats (20025Og) were maintained under a 12L:12D lighting regimen and sacrificed
approximately 3 hours after lights on. Saturation studies using pH]flunitrazepam revealed a single binding site in the striatum (KD= 5.1 + 0.3 nM) which
significantly decreased in affinity in the presence of GTP (Kd = 10.2 + 1.0 nM)
with no change in B^. Functional studies in the striatum revealed a biphasic
inhibition of forskolin-stimulated AC activity by the peripheral type agonist, Ro54864. The first phase of the AC inhibition is consistent with a G-coupled
receptor-mediated action, whereas the second phase appears to involve a
direct effect on the enzyme itself. The first phase of the inhibition (10'1-10'5 M)
had an ECM of 66 nM, with the second phase (10'4-5 x 10'4 M), an ECg* of 3.2
x 10‘4 M. In the presence of flumazenil (1 pM), a central-type BZ receptor
antagonist, a shift to the left was observed with the first phase of inhibition
(ECjo = 46nM) with no significant change in the second phase.
In the presence of 5 pM of PK 11195 (a peripheral-type BZ receptor
antagonist), Ro5-4864-induced inhibition of the AC activity of the first phase
was reversed with no significant effect on the second phase. The peripheral
antagonist similarly blocked the inhibitory effect of other BZs (flunitrazepam
and diazepam) and indoleamines (melatonin and 2-iodomelatonin) on stimulated AC activity. These results provide further evidence of a Grcoupled BZ
receptor in the rat striatum. (Supported by a NSERC Strategic grant).

813.7

813.8
IN VIVO INHIBITION OF CA2+/CALMODULIN STIMULATION
OF TYPE I ADENYLYL CYCLASE BY SOMATOSTATIN. MarkD.
Nielsen. Enrique C. Villacres*. and Daniel R. Storm. Department of
Pharmacology, University of Washington, Seattle, Wa 98195

MODULATION OF STRIATAL C-FOS EXPRESSION BY DIAZEPAM.
L.P. Niles*. L.J. Smith and C.C. Term. Department of Biomedical Sciences,
McMaster University, Hamilton, Ontario, Canada, L8N 3Z5.
Diazepam, a non-selective benzodiazepine (BZ) receptor agonist, inhibits
cyclic AMP (cAMP) production, particularly in the rat striatum, via a putative G,
-coupled BZ receptor. Since phosphorylation of a cAMP response element
binding protein (CREB), by a cAMP-dependent protein kinase (PKA), results
in c-fos activation, the effect of diazepam on the expression of this immediateearly gene was examined. Male Sprague Dawley rats (about 150-250 g) were
maintained for at least one week under a 12L:12D lighting cycle with lights on
from 7 am to 7 pm. They were randomly assigned to groups and injected with
vehicle or drugs 4-5 hours after lights on. Two hours later, animals were killed
and striata dissected -on ice and frozen overnight at -20° C. Subsequently,
striata were homogenized in sucrose (containing Mg2* and Hepes) and nuclear
fractions isolated by centrifugation. Proteins were separated by SDS/PAGE

followed by Western blot analysis using a polyclonal anti-c-FOS antibody.
Following incubation with an HRP-conjugated second antibody, FOS and
related proteins were detected by chemiluminescent autoradiography.
Preliminary studies indicate that diazepam (5 mg/kg, ip) induces c-fos
expression when administered alone. However, pretreatment with diazepam
(5 mg/kg, ip) caused a significant attenuation of the effect of amphetamine (5
mg/kg, ip), which by itself is a potent c-fos inducer. The sites and mechanisms
underlying the modulatory effects of diazepam on neuronal activation, as
indicated by c-fos induction in the striatum, await clarification.
(Supported by a NSERC Strategic grant).

813.9

hormones to inhibit the Ca2+/calmodulin stimulation of I-AC is lacking.
Here, we describe concentration-dependent inhibition of
Ca2+/calmodulin stimulation of I-AC in vivo by the tetradecapeptide
hormone somatostatin. Treatment of human embryonic kidney 293
(HEK 293) cells stably expressing I-AC with the muscarinic agonist
carbachol or the Ca2+ ionophore A23187 resulted in 3-or 20-fold
increases in intracellular cAMP levels, respectively. Utilizing the
endogenous somatostatin receptors expressed in HEK 293 cells, we
found that somatostatin inhibited these cAMP increases 40-50%.
Forskolin stimulation of I-AC was also inhibited by a similar amount.
Maximal inhibition of I-AC occurred at approximately 2OOnM
somatostatin, with an IC50 of ~25nM. Additionally, inhibiton of
Ca2+/calmodulin stimulation of I-AC was prevented by overnight
pretreatment with pertussis toxin, suggesting that G proteins of the
Gj/Go class are involved. These results demonstrate that extracellular
hormones are capable of inhibiting Ca2+/calmodulin stimulation of I-AC
via inhibitory G proteins in vivo.

813.10

cAMP-DEPENDENT PROTEIN KINASE A INCREASES THE
EXCITABILITY OF EXPIRATORY NEURONS OF CAT.
O.Pierrefiche. A.M. Bischoff. P.M. Lallev* and D.W. Richter. II.
Institute of Physiology, University of Gottingen, FRG and
Department of Physiology, University of Wisconsin, Madison, USA.
The cAMP/PKA system is known to control neuronal excitability
by altering neurotransmitter- and voltage-controlled conductances. In
this study, we set out to determine whether the cAMP-PKA system
modulates the excitability of late expiratory (E2) neurons in the caudal
brainstem. We injected wiptide, an inhibitor of PKA, into E2 neurons
in pentobarbital-anesthetized, paralyzed and artificially ventilated adult
cats, and analyzed various cellular properties in single electrode
current (SECC) and voltage (SEVC) clamp. Wiptide reduced neuronal
input resistance, hyperpolarized the membrane potential, reduced rate
of depolarization to threshold and depressed action potential
discharge. Action potential duration was reduced whereas their afterhyperpolarizations increased in magnitude and duration. Inspiratoryand postinspiratory-phased synaptic outward currents increased
greatly and expiratory-phased synaptic inward currents seemed
slightly depressed.
The results indicate that the cAMP/PKA system is tonically active
and increases excitability of E2 neurons. Possible mechanisms for
these effects include blockade of persistant potassium and GABA-A
receptor-controlled currents, as well as augmentation of glutamate
receptor-controlled currents

Research supported by SFB 406 and NIH (HL 29563)
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In vitro evidence has demonstrated that the type I Ca2+/calmodulinsensitive adenylyl cyclase (I-AC) is inhibited by both the ai and Py
subunits of guanine nucleotide-binding proteins (G proteins).
However, in vivo evidence concerning the ability of extracellular
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ACETYLCHOLINESTERASE MODULATES DOPAMINE - STIMULATED
CYCLIC AMP ACCUMULATION IN APLYSIA GILL.
Srivatsan, M.*, Fuller, L. Z., Jackson, B. A. and Peretz, B.
Dept. of Physiology, Univ. of Kentucky Medical Center, Lexington, KY 40536.
Acetylcholinesterase (AChE) has functions in addition to acetylcholine
(ACh) hydrolysis as supported by studies of AChE regulating dopaminergic
receptor responsiveness in substantia nigra (Greenfield, S A., 1985). Our recent
studies have demonstrated that AChE inhibition affects a non-cholinergic
component of the siphon-gill withdrawal reflex in Aptysia. Dopamine (DA),
enhances muscle contraction in gill apparently by elevating cyclic AMP (cAMP)
levels (Ruben et al., 1979). AChE is widely present in Aptysia gill and is
released when gill is exposed to DA suggesting a non-cholinergic functional
interaction between DA and AChE in the gill. The aim of the present study was
to determine if AChE inhibition in the gill alters DA-dependent cAMP
accumulation, as measured by RIA. DA dose-dependently increased cAMP
levels in isolated gill pinnules incubated in Aptysia saline. Incubation in the
presence of AChE inhibitor BW284c51, which binds to both the catalytic site
and a peripheral anionic site of AChE, dose-dependently attenuated cAMP
accumulation in response to a maximum stimulatory dose (3OgM) of DA. Total
inhibition of AChE with lOOgm BW284<c51 reduced DA-dependent cAMP by
68%. In contrast, total inhibition of AChE with ImM edrophonium chloride,
which binds only to the catalytic site of AChE, did not reduce DA stimulated
cAMP levels. Also, incubating in carbachol (10 and lOOpM) had no effect on
cAMP levels in pinnules. These results show that AChE modulates DAdependent cAMP accumulation in Aplysia gill through a non-cholinergic
mechanism involving its peripheral site. AChE’s modulation of DA’s effects in
Aplysia gill and nigral neurons in higher vertebrates suggests that this function
of AChE 'is conserved across species.
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cAMP IMAGING REVEALS GLUTAMATE RECEPTOR-MEDIATED
REDUCTION OF [cAMP] IN PRIMARY CULTURES OF HIPPOCAMPAL
NEURONS. B.J. Bacskai1. and R.Y. Tsien* 1 -2. 'Dept. of Pharmacology and
Howard Hughes Medical Institute. University of California San Diego. La Jolla. CA
92093-0647.
The role of cAMP in neuronal plasticity in the hippocampus is receiving
considerable attention. However. traditional radio-immunoassays measure total
cAMP at a single time point. usually in the presence of phosphodiesterase inhibitors.
in homogenates of brain which contain neurons. astroglia. and other cell types.
Using a fluorescently labeled cAMP-dependent protein kinase (FICRhR). cytosolic
[cAMP] was measured in morphologically identified neurons in primary cultures of
rat hippocampus in real time. Individual neurons were microinjected with FICRhR
and stimulated with a variety of glutamate receptor agonists. Resting [cAMP] was
high enough to cause partial activation of the kinase. and rapidly decreased to
negligible levels following a 1-5 min pulse of 10-100 gM glutamate. NMDA (100
gM) and AMPA (100 gM) also elicited decreases in [cAMP]. Ca2+ entry seemed
necessary but not sufficient. because reductions in [cAMP] required extracellular
Ca2+. and nitrendipine blocked the reduction in [cAMP] induced by AMPA. but not
that by NMDA. However elevation of Ca2+ by high K+ or ionomycin had no effect.
Forskolin (25 gM). which normally elicited maximal increases in [cAMP]. had no
effect when applied within 20-30 minutes after glutamate or NMDA addition. The
metabotropic glutamate receptor agonist trans-ACPD had no effect on basal or
forskolin-stimulated [cAMP]. Bath application of glutamate or NMDA led to rapid.
transient cytosolic acidification from pH 7.0 to pH 6.5. in the range where FICRhR
fluorescence is partially .sensitive to pH. but acidification alone cannot completely
account for the measured decreases in FICRhR ratio. nor the inhibition of forskolinstimulated increases in [cAMP]. Inhibitory crosstalk between glutamate receptors
and cAMP may be important for neuronal plasticity.
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813.12

ENDOGENOUS PROTEIN KINASE A INHIBITOR (PKIa)
MODULATES SYNAPTIC ACTIVITY
L.de Lecea1*, J.R.Criado2. S. Rivera3, S.J. Herniksen2, C.M. Gall3
and J.G. Sutcliffe1 . Depts. of Molecular Biology1 and
Neuropharmacology2 The Scripps Research Institute La Jolla, CA
920373.Dept. of Anatomy and Neurobiology. University of
California Irvine, CA 92717

Protein kinase A (PKA) has long been known to be involved in
major regulatory mechanisms underlying synaptic plasticity and
complex behaviors such as learning and memory. PKIa has been
extensively used as an extremely specific and potent inhibitor of
PKA and the PKA-mediated signal transduction. Clear functions
'in vivo’ for PKIa, however, remain to be established. Here we
report that several forms of synaptic stimulation in the rat
hippocampus cause a 50% decrease in the concentration of PKIa.
Furthermore, infusion of antisense oligonucleotides against PKIa
into the rat brain results in dramatic changes in the
electrophysiology of hippocampal neurons, including the blocking
of long-term potentiation suggesting a stimulus-dependent
regulatory role for PKIa in PKA signal transduction.

813.13

813.14

PHOSPHORYLATION OF DARPP-32 AND INHIBITOR-1 BY
CYCLIN-DEPENDENT PROTEIN KINASES.
J.A. Bibb'. J.P.
O'Callaghan'. S.L. PelechL J.-A. Girault3. A.C. Nairn'* • J. H.
Wang4. P. Greengard' and A.J. Czernik'. 'Lab. of Molecular &
Cellular Neuroscience, The Rockefeller University, New York, NY
10021; 2University of British Columbia, Vancouver, Canada;
sINSERM U114, Paris, France; University of Calgary, Calgary,
Canada.
DARPP-32 (D-32) and inhibitor 1 (1-1) are homologous inhibitors of protein
phosphatase 1 (PP-1). Their ability to function as inhibitors is dependent on
phosphorylation of threonine 34 and threonine 35 of D-32 and 1-1. respectively. by
cAMP-dependent protein kinase. For D-32. which is highly enriched in
dopaminoceptive neurons of the basal ganglia. this activated state is modulated
through phosphorylation at additional sites by casein kinases I and II. Here. we
report that in vitro. D-32 and 1-1 serve as substrates for phosphorylation by the
cell-cycle dependent kinase cdc 2 as well as the neuronal cdc 2-like kinase cdk 5.
The stoichiometries of phosphorylation by cdc 2 purified from sea star oocytes
have been determined for D-32 and 1-1. respectively. Two-dimensional
phosphopeptide mapping of thermolytic and tryptic digests of D-32 and 1-1 revealed
distinct maps for each. Amino acid analysis identified the residues phosphorylated
as threonine for D-32 and serine for I-1. Sequence analysis of phosphopeptides
purified by HPLC was used to identify the phosphorylation sites and direct the
generation of phosphorylation-state-specific antibodies. The antibodies are being
used to evaluate the state of phosphorylation of these sites in tissue slices.
Neuronal cdk 5 purified from bovine brain appears to phosphorylate the same site
as cdc 2 based on phosphopeptide mapping. The expression of various cdks in
striatal tissue was shown to be developmentally regulated by immunoblot analysis.
Notably. of the kinases studied. only cdk 5 was detected in adult rat striatal tissue.

EXPRESSION OF PKI ISOFORM mRNAS IN DEVELOPING RAT
NERVOUS TISSUE; LOCALISATION OF mRNA SPECIES IN
BRAIN. L. F. Donaldson*. M, R. Hanley and D. A, Walsh Dept of
Biological Chemistry, UCDavis, Davis Ca 95616
The mRNAs for the two known isoforms of the cAMP-dependent
protein kinase (PKA) inhibitor protein (PKIa and PKIp) are known to
have a differential distribution in developing rat tissues, particularly in
brain and testis. As these tissues are heterogenous in cell type, we
have investigated the cellular expression of PKIa and PKIp mRNAs in
developing rat brains using a specific in situ hybridisation technique.
Male Wistarrats were sacrificed at 5 day intervals, beginning at day 5
of age and ending at day 60. Whole brains were removed, hemisected
along the sagittal plane and rapidly frozen on dry ice. lOpm sections
were hybridised with cRNA probes complementary to the mRNAs
encoding PKIa and PKIp. Film autoradiography showed high
expression of PKI mRNAs in cerebellum and hippocampus from days
15 to 60. In immature rats (d5) PKIp mRNA expression was high in
individual cortical and hippocampal neurons. In adults PKIp mRNA
was appparent in cortical, hippocampal, and cerebellar granular
neurons. This expression was detectable from day 15, increased to a
plateau by day 25 and remained constant until day 60. No specific
hybridisation was detectable in cerebellum or hippocampus before 20
days, or in sections hybridised with sense cRNA probes. PKIa was
also localised in cerebellar granule cells and hippocampus in adult rat
brain. PKA has been shown to be of importance in the maintenance of
long term potentiation and response of hippocampal neurons to anoxia,
suggesting that PKI may play an important role in the function of the
hippocampus.

813.15

813.16

BILATERAL DOPAMINE LESIONS IN THE NUCLEUS
ACCUMBENS MODIFIES CYCIUC AMP-DEPENDENT
PHOSPHOPROTEINS. L. Churchill*. Kari J, Johnson and P.W.
Kalivas. Dept, of Veterinary & Comparative Anatomy, Pharmacol. &
Physiol. Washington State University, Pullman, WA 99164-6520.
Previous analyses revealed that cyclic-AMP dependent back
phosphorylation of a 35 kD nucleus accumbens protein was reduced at
32 days after bilateral 6-hydroxydopamine lesions in the nucleus
accumbens. Two-dimensional gel electrophoretic analyses verified
that a 35 and a 56 kD protein showed a significant decrease in cyclic
AMP-dependent phosphorylation in vitro. Also a protein with a
molecular weight of 45 kD showed a significant enhancement in the
dopamine-depleted nucleus accumbens. These results indicate an
increase in the phosphoproteins with molecular weights of 35 and 56
kD as well as a decrease in the phosphoprotein at 45 kD after a
bilateral dopamine lesion. The phosphoprotein of 35 kD might be
DARPP-32 as evidenced by the changes in phosphorylation that
occurred 17 days after a unilateral dopamine lesion in the striatum with
dopamine priming (Barone et al., 1994, Neuroscience 61:867). The
differences between this study and ours may be due to differences
between the nucleus accumbens and striatum, the longer time period
studied, or the bilateral vs. unilateral lesion. A further question is
whether the ^-opioid agonist induction of behavioral augmentation
after the dopamine lesion will also alter phosphoproteins in the nucleus
accumbens. This work was supported in part by USPHS grants
#DA06612 (LC) and #MH40817, #DA0396, #DA00158 (PWK).

ISOLATION AND CHARACTERIZATION OF cAMP-SPECIFIC. ROLIPRAMSENSITIVE PHOSPHODIESTERASE (PDE IV) FROM PIG BRAIN CYTOSOL.
Gudnin Pahlke and Herbert H. Schneider* Research Laboratories. Sobering AG.
13342 Berlin. Germany.
Rolipram is a selective and stereospecific inhibitor of type IV PDE. Using
a rapid and specific purification procedure we have purified the cytosolic form of
a rolipram sensitive "low Km" cAMP PDE from pig brain cortex. The enzyme
was isolated by affinity batch chromatography followed by MonoQ and Superose6
chromatography. The purification was approx. 5000-fold at 1% yield based on 3Hrolipram binding capacity. The protein had a native MW of 180 kDa and a
denatured MW of 90 kDa. suggesting a dimeric structure. KD (0.2 nM) and nH
near 1 of 3H-roIipram binding were similar throughout purification steps in the
presence of a factor derived from boiled tissue extract. In its absence Bmax
decreased drastically with unchanged KD and nH. It is a thermostable. lipophilic
and Mg++-dependent protein which modulates the binding of 3H-rolipram to the
protein in a positive or negative manner. depending on concentration. The
sensitivity of the PDE activity to inhibition by (-)-rolipram improved from 300
nM (IC50) in crude brain extract to O.7nM in the purified preparation. It decreased
further to O.15nM in the presence of factor. IBMX. ICI 63.197. Ro 20-1724 and
denbufylline were active with IC50s of 740. 140. 33 and 5nM. Cilostamide
inhibited enzyme activity' significantly only at lOOpM. Between 0.1-100gM.
cGMP neither inhibited nor activated the purified enzyme. Calmodulin stimulated
PDE activity in crude extracts 2-fold. no effect was seen in MonoQ fractions. The
isolated protein revealed complex enzyme kinetic behavior. Depending on
substrate concentration Km and Vmax values varied between 2.8 and 7.3 gM and
Vmax between 13 and 26 gmoles/min/mg. The type of enzyme inhibition by (-)rolipram was of a bypeibolic mixed type. probably because of the endogenous
mixture of PDE IV isoenzymes.
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814.1
ALPHA-1 FN MODULATES THE RESPONSE TO GABA AND GLUTAMATE ON
NEURONS FROM LATERAL HYPOTHALAMUS. V. Mendoza-Fernandez, P. PerezArellano, M. Herrera-Rui'z and C. Reves-Vazquez* Depto. Fisiol. Fac. Med., UNAM,
Mexico, D.F., Mexico
Both, systemic and microiontophoretic application of a-interferon (a-IFN) exerts
long lasting effects on the electrical activity of several brain nuclei; particularly, the
lateral hypothalamic nuclei had shown to be very sensitive to the effects of this
cytokine. In these neurons a-ifn elicits changes in the pattern, size and frequency of
discharge, of the electrical signals recorded extracellularly. These effects started few
seconds after a-IFN application and always outlasted the administration for several
min. However, the relation between this effect and the physiologic response to other
substances, is unknown. In the present study we analyzed the effects of GABA and
glutamate, applied before and after an a-IFN administration, on the electrical activity
of lateral hypothalamic neurons. The recordings were made from brain slices
obtained from male Wistar rats. Slices preparation and recording techniques of the
extracellular activity were made using conventional methods. Alpha-IFN elicited
effects in 82% of the recorded neurons. Approximately 64% of these neurons
showed a decrease of their discharge with changes in the size and the pattern of the
action potentials. When applied before a-IFN administration, GABA and Glutamate
showed a dose dependent decrease and increase; respectively, of the frequency of
discharge. Such effects lasted exclusively the time of drug application, and once it
ended, the frequency of discharge returned to control levels without changes in the
size or the pattern of response. However, when these drugs were applied after a-IFN
administration, the effects were increased importantly, both, in intensity and
duration. This potentiation action started between -0 and -5 min after a-IFN
application and lasted several hours. After that, the sensitivity of these neurons to
these drugs returned to normal. The results show that a-IFN modifies the sensitivity
and response pattern to other substances from hypothalamic neurons.
Supported by DGAPA IN20-193.

814.3
PROLONGED STIMULATION WITH INTERFERON-a
REGULATES CATECHOLAMINE SECRETION IN CULTURED
BOVINE ADRENAL CHROMAFFIN CELLS. Y.Toyohira,
N.Yanagihara. K.Minami1, Y.Uezono and F.Izumi* .
Depts of Pharmacology and Anesthesiology, Univ.
of Occup. & Envir. Health, School of Medicine,
Kitakyushu 807, Japan.
Interferons(IFNs) are a group of molecules
that
have
antiviral and
immunoregulatory
functions. Recent studies have reported that
several neurological side effects are observed
in IFN-treated patients. To investigate whether
IFN can modulate the neurosecretory functions,
the effects of two IFNs, human leukocyte IFN-a
and recombinant human IFN-r . were studied in
cultured bovine adrenal chromaffin cells. Treatment
of cultured cells with IFN-a(lOOOU/ml)
for
48
hr
increased an
accumulation
of
catecholamines in the cultured medium, but not
with
IFN-r ( lOOOU/ml) .
The
IFN-a-induced
(8-48 hr)- and
response was observed in tin
concentration (10-1000 U/ml)-dependent manners.
The stimulatory effect
of
IFN-a
was
not
inhibited by protein kinase C inhibitor (H-7)
and NO synthase inhibitor (L-NMMA), both of them
were previously reported as the second messenger
in catecholamine secretion. These results
suggest a possibility that IFN-a
acts as a
neuromodulator during immune responses.

NEUROTRANSMITTERS AND NEUROMODULATORS

814.2
MODULATION OF NMDA RESPONSES BY INTERFERON-a IN THE PREOPTIC
ANTERIOR HYPOTHALAMUS. S.Take, T.Katafuchi, S.Duan and T.Hori. Dept of
Physiology, Faculty of Medicine, Kyushu University, Fukuoka 812-82, Japan
The brain and the immune system share the ligand-receptor systems which enable
them to communicate with each other. Interferon-a (IFN-a) is one of such ligands that
are produced in the both systems, which is known to induce a variety of central
symptoms. The prcoptic anterior hypothalamus (POA) is one of the sites of action of
central IFN-a. We previously reported that IFN-a's modulatory effect on glutamateand NMDA-induced whole cell currents in the POA. In the present study, we
investigated the mechanisms of IFN-a-induced suppression of NMDA responses in the
POA neurons voltage-clamped at -6OmV using l2Opm hypothalamic slices of 10-20
days old WKA rat. Inward currents induced by pressure-ejected NMDA (2OO|iM,
200msec) were markedly suppressed by perfusion of recombinant human IFN-a (1002OOU/ml, 2 min) with a few minutes latency for more than one hour. This IFN-ainduced suppression of NMDA currents was partially blocked by simultaneous application of naloxone (lOpM), and the bath application of [Tyr-(D-Ala)-Gly-(N-Me-Phe)Gly-ol]-enkephalin (DAGO, 2|iM), i receptor selective opioid agonist, suppressed
NMDA currents just as IFN-a did, suggesting the involvement of opioid receptors.
Although bath application of sodium salicylate (SALC, lOjiM) reversed suppression of
NMDA currents, prostaglandin E2 (2pM) did not affect NMDA responses.
Concurrent application of superoxide dismutase (SOD, 2OOU/ml) with IFN-a almost
completely abolished IFN-a's action on NMDA currents and hydrogen peroxide (ImM)
mimicked it, suggesting the involvement of reactive oxygen intermediates (ROIs).
Neither SOD nor SALC affected DAGO-induced suppression of NMDA currents. Nwnitro-L-arginin (lOOpM) slightly attenuated the suppression of NMDA currents,
suggesting the involvement of nitric oxide which is known to interact with ROIs.
These results suggest that opioid receptor mechanism and ROIs are independently
involved in IFN-a-induced suppression of NMDA currents in the POA neurons.

814.4
AVP release by acetylcholine or norepinephrine: region-specific and
cytokine-specific regulation.
J.Raber*. G.F.Koob. and F.E.Bloom.
Department of Neuropharmacology, The Scripps Research Institute, 10666 North
Torrey Pines Rd., La Jolla, CA 92037.
Arginine vasopressin (AVP) containing neurons of the magnocellular
hypothalamic nuclei and limbic structures, including the hippocampus and amygdala
may be influenced by cytokines. Interferon-a (IFN-a) and transforming growth
factor-(3i (TGF-Pi) have been detected in the brain, suggesting their possible
regulatory functions. An in vitro paradigm was used to investigate the influence of
these cytokines on the release mechanisms of AVP in the hypothalamus and
amygdala. Previous work established that in vitro AVP is released, in a calciumdependent manner from both sites, and that this release is responsive to acetylcholine
(ACh), norepinephrine (NE), IL-1, IL-2, IL-6 or high KCL (60 mM). IFN-a
enhanced AVP and CRF release from both hypothalamus and amygdala. Dibutyryl
cGMP also stimulated AVP release. Blockade of nitric oxide synthase antagonized the
IFN-a-induced AVP release from the amygdala but not from the hypothalamus.
TGF-Pi had no effect on basal release of AVP, nor on the AVP-release induced by
IFN-a, IL-2 or NE, but selectively blocked the ACh-induced release in both
hypothalamus and amygdala. TGF-^i also inhibited the ACh-induced CRF release
from both brain regions. When the release of AVP induced by IFN-a, IL-2, ACh and
NE was probed with inhibitors of guanylate cyclase, the interactions exhibited
regional selectivity: neither the IL-2-induced AVP release from hypothalamus, nor
the NE-induced release of AVP from either amygdala or hypothalamus were affected
by guanylate cyclase inhibitors, but all other a Vp releasers were blocked. These data
suggest that in addition to CRF, AVP release by IFN-a may also contribute to the
activation of the hypothalamic pituitary axis. The ability of TGF-f3i to diminish the
AVP and CRF released by ACh could mediate some of this cytokine's capacity to
rescue damaged neurons. The extension of these neurotransmitter-cytokine
interactions to the amygdala may provide an additional basis for interactions between
neuronal and immune systems, (supported by grant MH 47680).

814.5

814.6

LOCALLYMPH NODE APPLICATION OF6-HYDROXYDOPAMINE (6-OHDA)
DENERVATES LYMPHOID ORGANS WHILE SPARING INNERVATION TO
THEJOINTS: AMODEL FORSTUDYING NEURAL4MMUNE INTERACTIONS
IN EXPERIMENTAL ARTHRITIS (EA). D. Lorton*. D.L. Bellinger. S.Y. Felten.
and D.L. Felten. Hoover Arthritis Research Center, Sun Health Research
Institute, Sun City, AZ 85351 and Dept. of Neurobiol. and Anat., Univ. of
Rochester Sch. of Med., Rochester, NY 14642.
Numerous studies document that NE can modulate chronic inflammatory
responses and joint destruction associated with rheumatoid arthritis (RA). These
studies have employed systemic methods of NA denervation which denervate
several potential sites where NE may act, including the joints and lymphoid
organs. We propose that NA innervation is playing a dual role: modulating
the severity of RA by innervation of 1) the joints and 2) the lymphoid organs.
We have developed a model to explore the role of NA innervation of lymphoid
organs in the development of EA.
The fatpads that sequester the popliteal and inguinal lymph nodes (PLN
and ILN, respectively) were isolated on each side of eight male Lewis rats, and
two 4
injections of 6-OHDA (150 pg/ml sterile saline plus 0.1% ascorbic
acid) or vehicle were administered 10 minutes apart into each fatpad. Lymph
nodes (LN), spleen, sciatic nerve and heart were taken 1, 5, and 14 days
following localized 6-OHDA injection and NE content was determined using
HPLC to quantitate levels of NE.
By one day following local 6-OHDA
application into ILN and PLN, NE levels were reduced by approximately 87%
and 82% compared to control values, respectively. Reduced ILN and PLN NE
levels persisted over the fourteen day time period. In contrast, LN application
of 6-OHDA did not significantly reduce NE concentration in the sciatic nerve.
The local 6-OHDA injection did, however, result in a significant reduction of
NE content in the spleen and heart over fourteen days. Thus, local ILN and
PLN application of 6-OHDA reduced NE levels in the relevant LN and spleen,
and spared the NE innervation of the hindlimbs. This method of denervation
will be a useful model for dissecting out the functional role of NA innervation
of lymphoid organs versus the joints in the onset and progression of EA.

SYMPATHETIC NORADRENERGIC INNERVATION OF SPLEEN, THYMUS
AND MESENTERIC LYMPH NODES (MLN): A COMPARISON BETWEEN
SPRAGUE-DAWLEY, LEWIS AND FISCHER 344 RATS. S.S. Dimitrova. S.Y.
Felten and D.L. Felten*. Department of Neurobiology and Anatomy, University of
Rochester School of Medicine and Dentistry, Rochester, NY 14642
Primary and secondary lymphoid organs are innervated by sympathetic
postganglionic noradrenergic (NA) nerve fibers. We have shown that the n A nerves
in the spleens of Fischer 344 (F344) rats progressively decline with age, paralleled by
an age-related decline in cell-mediated immunity. The histocompatible inbred Lewis
(LEW) strain is susceptible to autoimmune disorders and shows exacerbated
autoimmune reactivity following sympathectomy. This study was undertaken to
compare the NA innervation of spleen, thymus and MLNs in young adult, male and
female, F344, LEW and Sprague-Dawley (SD) rats, using anatomical and
neurochemical assessment. Both strain and sex effects were observed in splenic
innervation. LEW rats have higher NE concentration than both SD and F344 rats.
NE concentration is higher in females of all strains compared to males. The F344
strain has lower total NE content in spleen than each of the other two strains, but no
male/female differences were noted. The distribution of NA nerve fibers in the
spleens of the three strains was similar and followed the compartmentation reported
previously. The density of innervation correlated well with the neurochemical
analysis (SD>LEW>F344). In the thymus, total NE was greater in LEW than F344
rats. No sex differences were found. In the MLN, the NE concentration in the SD
strain is higher than in F344; for total NE content, SD>LEW>F344.
This study demonstrates that male F344 rats have the most sparsely innervated
spleens, the lowest NE concentration in spleen and MLN, and the lowest NE content
in the lymphoid organs examined. This observation may be important for
interpreting aging studies in rodents, where the male F344 rat is the single best
available model at present. The more dense NE innervation of secondary lymphoid
organs in LEW rats may be important in the regulation of autoimmune reactivity.
(Supported by R37 MH 42076 and a Markey Charitable Trust Award).
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814.8

NGF MODULATES SYMPATHETIC INNERVATION OF LYMPHOID
TISSUES. Sonia L. Carlson*. Kathryn M. Albers§. Daniel I. Beiting. Mark
Parish. Tames M. Conner*, & Brian M. Davis. Dept. of Anatomy and
Neurobiology & §Dept. of Pathology, Univ. of Kentucky College of
Medicine, Lexington, KY 40536-0084 and *Dept. of Biology, Univ. of
California, San Diego, La Jolla, CA 92093-0601
Immune tissues are known to be innervated by the sympathetic nervous
system, but little is known of what directs the innervation to specific tissue
compartments. We have examined the sympathetic innervation of immune
tissues in transgenic mice that overexpress nerve growth factor (NGF) in
skin and other epithelial structures. NGF transgenic mice exhibited
dramatic hyperinnervation in the splenic marginal zone, and the medulla
and capsule of peripheral lymph nodes. In contrast, the transgenic
mesenteric lymph nodes showed no hyperinnervation. This difference

correlated with the location of these nodes; peripheral lymph nodes drain
skin where the transgene was expressed while mesenteric lymph nodes
drain non-transgene expressing structures. In addition, the level of
innervation correlated with the level of NGF peptide content as assayed by
ELISA and immunocytochemistry. RT-PCR showed that the NGF transgene
was not being expressed in the immune tissues, suggesting that immune
tissues can concentrate transgene-produced NGF. In addition, the change in
innervation had functional consequences. The mitogen response to
concanavalin A (Con A) by spleen cells was decreased in the transgenics
suggesting that elevated catecholamines or NGF can modulate the
proliferative response of these cells. These mice demonstrate that NGF can
modulate the sympathetic innervation and function of the immune system.
Supported by MH48644 to SLC and NS31826 to BMD & KMA.

ROLE OP PROTEOLYTIC ENZYMES AND PLASMA INHIBITORS IN CONTROLLING OPIOID PEPTIDES-MEDIATED
IMMUNOMODULATTON. L. Bonqiorno-iBorbone*. A. Urbani. M. Marini. L. G. Roda. Dept. Medicina
Speriaentale, Universita' "Tor Vergata", 00133 Roaa, Italy.
Circulating imuocooapetent cells release soluble proteolyses active in degrading peptides of
liaited aolecular size, notably opioid peptides. Together with soluble plasaa enzyaes and with
those embedded in the aeabrane of inunocoipetent cells, these enzyaes regulate the active
concentration of ueuroaodulatory-actove plasaa peptides. The proteolytic activity of
ilBuuocolpeteut cells is controlled by spallation: in stiaulated PBMC, both the release of
soluble enzyaes and the enzyaes exhibited by the cells' aeabrane are increased (Bongiorno, L.,
Marini, M., Urbani, A., Ausiello, C.M. & Roda, L.G. (1993) Int. J. Imimophariac. 15:621-629).'
In addition, stimulation aodifies the ratio between the three classes of enzyaes involved in
enkephalins'
hydrolysis:
1lonopeptidases,
dipepbidyl1louopepbodases
and
dipeptidylc1rboxypeptod1ses. The activity of all soluble plasaa enzyaes is controlled by the
proteolysis inhibitors present in this tissue (Bolacchi, F., Marini, N., Urbani. A. & Roda, L.G.
Neurochea. Res., in press). It aoreover seeas likely that the direction and intensity of the
peptode-1edoated neuroo11uue interactions is aodulated by the iaaune systea activation as well.
The interactions of these factors have been studied with the specific aia of ascertaining the
role of proteolytic enzyaes and of their inhibitors in the regulative processing of plasaa
peptides, specifically of opioid peptides. The role of proteases and of their inhibitors has
been studied in cultured lyaphoid cell lines liable to sto1ulatoou, antigen-specific clones of
0D1unoco1petent cells and huaan volunteers. Results obtained indicate that the variations of
hydrolysis 1easur1ble under different conditions are controlled by variations of both the
population of the enzyaes released by O11uuoco1pebenb cells and of the plasaa inhibitors. These
results can be interpreted as indicating that plasaa inhibitors play a role in controlling the
short-ten variations of neuropeptides hydrolysis evidenced in response to changes in the
euvirou1enbal para1ebers (e.g. Shulteis, G. & Martinez, J.L., Jr. (1993) Peptides 14:161-167).

814.9

814.10

BOTH BRAIN AND LYMPHOCYTE DERIVED p-ENDORPHIN EXERT
IMMUNOSUPPRESSION. P.Sacerdote*. B.Manfredi and A.E. Panerai.
Dept.Pharmacology, University of Milan, Milano, Italy.
We previously showed that the opioid receptor antagonists naloxone
and naltrexone enhance the proliferative responses of human and rat
lymphocytes (1). In the present study we wanted to evaluate the role
of central, pituitary and immunocyte-derived p-endorphin (BE) in the
inhibitory effect of the peptide on splenocyte proliferation in the rat.
The intracerebroventricular (icv) administration of BE (1,5,10 ng/rat)
induced a significant inhibition of PHA induced proliferation, while the
icv administration of an anti BE antiserum potentiated the response.
Also the intravenous (iv) injection of the BE antiserum induced an
increase of splenocyte proliferation. Since the pituitary can be
considered the major source of circulating BE, in order to verify the
effect of immunocyte derived BE we evaluated the effect of the
administration of the i.v. antiserum in hypophysectomized rats. In
these animals the BE antiserum is still able to enhance the splenocyte
proliferation. Our data suggest that BE exerts a tonic inhibitory effect
on proliferation acting both centrally and peripherally, where
immunocyte derived BE can inhibit proliferation throughout a
paracrine/autocrine mechanism.

ROLE OF NOREPHINEPHRINE IN ANTIBODY PRODUCTION:
SUPPRESSED IgG PRODUCTION IN EPILEPSY-PRONE MICE. Julia
M. Green-Johnsoif1. Steve Zalcman2. Catherine Y. Vriend. Svetlana Polina.
Dwight M. Nance and Arnold H. Greenberg. The Manitoba Institute of Cell
Biology and Dept, of Pathology, University of Manitoba, Winnipeg, MB, R3E
OV9; Biology Dept, Acadia University, Wolfville, NS. BOP 1X0.2 Center for
Studies in Behavioural Neurobiology, Concordia University, Montreal, PQ.
H3G 1M8.

Manfredi et al., J.Neuroimmunol. 44;43-48, 1993

To determine whether chronic neurochemical alterations could influence
antibody production, the responses of two substrains of Balb/c mice [Epilepsy
Prone (EP) and Epilepsy Resistant (ER)] to immunization with sheep red
blood cells (SRBC) were examined. Significant differences in levels of
SRBC-specific IgG were found between the two substrains. In addition,
significant differences in splenic -INE levels between the two substrains were
observed, in both non-immunized and in immunized mice at several time
points after immunization. The EP substrain showed elevated splenic NE
levels and suppressed IgG production relative to the ER substrain. Treatment

of ER mice with the P2 adrenergic agonist (P2AR) terbutaline on days 4, 5 and
6 after immunization resulted in a significant decrease in IgG production
relative to saline treated controls. This suggests that elevated splenic NE
acting through P2AR is capable of mediating the suppression of the IgG
response as seen in the EP strain. Taken together with previous studies
indicating that the effect of elevated NE at the initiation of the immune
response can have an enhancing effect on antibody production, these data
suggest a dual role for NE in the immune response.

814.11

814.12

MURINE ANTI-NEURONAL IgG AUTOANTIBODIES ALTER ION CHANNEL
CURRENTS OF NEUROBLASTOMA CELLS. J.Crimando, K.Cooper, and
S.A.Hoffman* Ariz. St. Univ. Tempe AZ 85281.
Neurobehavioral manifestations in both human and murine
models of systemic lupus erythematosus (SLE) have been
correlated to diverse brain-reactive autoantibodies (BRAA).
It is suggested that subsets of BRAA, especially IgG, bind
to neuronal surface components and alter specific functions
which may lead to some of these deficits.
Using a natural
murine models of SLE, we examined whether monoclonal IgG
BRAA and anti-neuronal IgG autoantibodies from sera are
capable of altering voltage-gated sodium (Na+) and potassium (KT1-) channel currents of neuroblastoma NBP2 cells.
Monoclonal IgG BRAA produced from a 2 mo. BXSB mouse bound
brain membrane antigens of 58, 32, and 3OkD, a lO5kD NBP2
membrane antigen, and reacted against neuronal cell bodies
in cortex, hippocampus, and hypothalamus.
Cultured NBP2
cells were incubated with the monoclonal BRAA or antineuronal IgG for two hours.
Inward Na+ and outward rectifying K-1" currents were analysed by whole-cell patch-clamp
recording.
Though the monoclonal IgG BRAA did not affect
these currents, one of the six samples of autoimmune IgG
from BXSB sera did inhibit inward currents by 65% (P<0.001)
compared to controls, while outward currents were unaffected. This demonstrates that subsets of anti-neuronal IgG
exist which have specific functional effects on neuronal
cells. These are hypothesized to be significant in the
pathogenesis of immune-mediated neurobehavioral involvement
in immunologic disorders.

THE EFFECTS OF SEX AND ESTROUS PHASE ON SURGERY-INDUCED
INCREASES IN TUMOR CELL RETENTION AND ITS ATTENUATION BY
MORPHINE G.G. Page*. S.A. Boun and S. Ben-Elivahu. Ohio State Univ. College
of Nursing, Columbus, OH 43210.
The vast majority of studies investigating the effects of surgery on immunity and
tumor metastasis have used male subjects. We recently reported that morphine
attenuates the metastatic-enhancing effects of surgery in male F344 rats. Given the
differing hormonal environments between females and males and recent findings
indicating that females in proestrus/estrus (PE, high estrogen levels) are more
susceptible to tumor metastasis than are females in diestrus (Di), these studies
explored whether there were sex- or estrous-related differences in the metastaticenhancing effects of surgery and in the effectiveness of morphine in attenuating
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this outcome. A mammary adenocarcinoma cell line, MADB106, syngeneic to the
F344 rat was used. MADB106 cells metastasize only in the lungs, a process known
to be controlled by natural killer cells. In Exp I, females in PE or Di and males
were randomly assigned to the surgery (standard abdominal laparotomy under
halothane anesthesia), anesthesia only, or control group. In Exp 2, PE or Di
females and males were either subjected to abdominal surgery with anesthesia or
anesthesia alone, and were either treated or not with morphine (pre- and postoperatively in saline or a slow release suspension, respectively). Radiolabeled
MADB106 cells were injected i.v. 5 h after surgery and lungs were removed 13 h
later to assess their radioactive content. Surgery resulted in a 3-fold increase in
tumor cell retention in all 3 sex/estrous groups, an effect that was additive to die
above-mentioned differences observed in the PE vs Di females in both the
anesthesia only and control groups. This finding may have important implications
in the timing of surgical interventions for breast cancer. Morphine administration
similarly benefitted the males and females, evidenced by a significant interaction
between the effects of surgery and of morphine. Supported by the Oncology
Nursing Society and NIH grant NRO3829.
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EFFECT OF CAPSAICIN INTRAPERITONEAL ADMINISTRATION ON
MESENTERIC AND PERITONEAL MAST CELLS. Y.H. Wang. J.Y. Wei and
V.L.W, Go ___________ A. Scheibel Brain Res Inst and CURE/Gastroenteric
Biol Ctr, UCLA Los Angeles, CA 90024-1782.
Using video imaging and vital fluorescent probes to visualized mast cell's
activation (Neuroimage 1:313-324, 1994) we have reported that electrical
stimulation of splanchnic nerve activated mesenteric mast cells (MeMCs)
(Neurosci Abst 20:052, 1994) and that capsaicin-sensitive splanchnic afferents is
important for the action (Gastroenterology 1995, in press). Topical application of
low dose capsaicin has been used to selectively excite the sensory terminals of
thin primary afferents (Pharmacol Rev 43:147-148, 1991). Aim: to further
determine the effect of capsaicin i.p. administration on the MeMCs and peritoneal
mast cells (PMCs). Sulforhodamine B (200 gg/ml with capsaicin 5 X 10'5 M, 20
ml) was i.p. injected into urethane anesthetized rats and kept in situ for 20 min.
Laparotomy was performed, pieces of mesentery were mounted on teflon
tambours for MeMC examination and peritoneal lavage was harvested for PMC.
Images of MeMCs (n= 18 to 87, median 45.5 cells) were randomly captured from
each tambour, and PMCs (n=5O to 138, median 72 cells) from dish. For each
experiment the stained cells of two tambours and two dishes were counted,
normalized and expressed as mean ± SD%. Data from three vehicle experiments
were compared to three experimental trials. Results: capsaicin i.p. activated 76 ±
5.7% MeMCs as compared to 10.1 ± 4.3% N=6 vehicle trials (p< 0.001 twotailed paired t test), whereas for PMCs the activated cell number is 9.7 ± 2.2%
vs 10.6 ± 4.8% N=6 (p> 0.7 two-tailed paired t-test). The results indicated
that capsaicin (5 X lC~5) i.p. activated MeMCs but not PMCs, suggesting the
important of neural element involvement in the effect. Neuropeptides leading to
MeMC activation are further investigated. (Supported by NIH Grant NS 28433)

EXPRESSION OF NITRIC OXIDE SYNTHASE TYPE II IN THE SPINAL
CORD UNDER CONDITIONS PRODUCING THERMAL HYPERALGESIA.
D. Grzybicki*, A. Loihl, S. Kardos, G. .Gebhart and

S. Murphy. Depts. of Pharmacology and Pathology*,
Univ. of Iowa, Iowa City, IA 52242.
Peripheral tissue injury or nerve damage result in a
thermal hyperalgesia believed to be mediated via the
production of nitric oxide (NO) . Attention is on NO
derived from Type I NO synthase (NOS) but sustained
production of NO via the NOS II isoform may be involved
in the mediation of a transient thermal hyperalgesia
produced in rats after intrathecal administration of
proinflammatory cytokines.
Male Sprague Dawley rats with an intrathecal sterile
catheter were infused with IL-lP (10 ng) and IFN-y (1000
U) and then sacrificed at various times. Segments of
spinal cord (1 cm) centered around the lumbar enlargement
were excised. Expression of NOS II mRNA was detected by
RT-PCR and confirmed by ribonuclease protection assay.
Western blotting revealed NOS II protein at 4 and 8 hours
after cytokine injection.
Expression was scattered
diffusely throughout gray and white matter in cells which
morphologically represent perivascular macrophages and/or
vascular
cells,
glia,
and
small
neurons.
Immunohistochemical studies are in progress to identify
these cells?.
There was no evidence of gliosis or
infiltration by macrophages.
We conclude that endogenous cells in the CNS can be
induced in vivo to express NOS II and that its expression
in the spinal cord may play a role in transient thermal
hyperalgesia. Supported by NS29226.

814.15

814.16

INTERLEUKIN-1B INHIBITS IN VIVO AND IN VITRO
B-ENDORPHIN SECRETION FROM HYPOTHALAMIC
NEURONS BY ACTIVATING NITROUS OXIDE SYNTHASE. R
Bovadiieva. A. Dev. S.J. Fung* and D.K. Sarkar. Dept, of Veterinary
and Comparative Anatomy, Pharmacology and Physiology, Washington
State University, Pullman, WA 99164-6520.
Interieukin-lB (IL-lB) is localized in the hypothalamus and responds
positively after endotoxine administration. ILlB positive neuronal
terminal fields included those in the arcuate nucleus. Since the arcuate
nucleus contains a large population of B-endorphin (B-EP) neurons, we
determined the effect of ILlB on in vitro and in vivo release of B-EP
from these neurons. Furthermore, the role of nitrous oxide synthase in
the ILlBregulated B-EP secretion is determined, because nitrous oxide,
which is produced by this enzyme, has been shown to mediate IL lB
actions on various hypothalamic neuropeptides. In vitro release of B-EP
was studied using primary cultures of rat fetal mediobasal hypothalamic
cells. IL-lB concentration-dependently decreased the release of B-EP
from the cultured neurons. The inhibitory effect of IL-lB was
completely prevented by a nitrous oxide synthase blocker L-NAME.
The blocker alone caused an increase in basal release of B-EP from the
cultured hypothalamic neurons. In agreement with these findings, ILlB
and L-NAME significantly altered hypothalamic B-EP release into the
blood of pituitary portal vessels in ovariectomized rats. IL-lB inhibited
while L-NAME increased B-EP levels in the blood of pituitary portal
vessels. L-NAME also prevented the inhibitory effect of IL-lB on
pituitary portal blood levels of B-EP. These data suggest that IL-lB and
nitrous oxide may interact to regulate B-EP secretion from the
hypothalamus. Supported by the National Institutes of Health Grant
AAO8757.

POTENTIATION OF CYTOKINE-INDUCED NITRIC OXIDE SYNTHASE
ACTIVITY BY cAMP IN D3O MURINE ASTROCYTES. K. L. Burgher*.
J. A. Heroux, and G. E. Ringheim. Neuroscience Product Group Unit, HoechstRoussel Pharmaceuticals, Inc., Somerville, NJ 08876.
The effects of cyclic nucleotides on the expression of the inducible nitric oxide
synthase (i-NOS) were investigated using an immortal astrocyte cell line (D3O)
derived from the mouse cerebellum. The expression of i-NOS activity from these
cells was dependent upon co-stimulation with interiekin-lB (IL^lB) and interferony (LFN-y ), and was not induced by either cytokine alone. The induction of i-NOS
mRNA over basal levels was not apparent until 24 h and remained elevated out to
at least 72 h. Accumulation of nitrite in the media from stimulated i-NOS activity
was significant versus control cells by 48 h and continued to increase out to the
latest time tested (72 h). Co-stimulation with 8-bromo-cyclic GMP (100 nMlOtyiM) alone or in combination with IL^lB and/or IFN-y did not have any affect
on the levels of i-NOS activity. Similarly, the addition of 8-bromo cyclic AMP (8-

814.17

IMPROVED PROCEDURE FOR IDENTIFYING NERVE FIBERS
AND INDUCIBLE NITRIC OXIDE SYNTHASE IN RAT SPLEEN.
J.C. Meltzer*. P.C. Grimm. A.Jansen. A.H. Greenberg, and D.M.
Nance. Depts. of Anatomy, Pathology, Pediatrics, and Manitoba Inst, of
Cell Biol., Univ. of Manitoba, Winnipeg, MB R3E 0W3.
Neuroimmune studies have demonstrated a critical role for the sympathetic innervation of the spleen as well as norepinephrine (NE) and
neuropeptide Y (NPY) in modulating splenic immune function. As part
of our analysis of neural regulation of splenic macrophage function, we
have found that endogenous peroxidase activity (EPA) often precluded
application of PAP immunohistochemistry to immune organs. We
report procedures to reduce EPA and offer alternatives based upon
alkaline phosphatase (AP) or Cy3 immunofluorescent detection
systems. Rats were given splenic nerve cuts or sham surgeries and
injected i.v. with saline or endotoxin and sacrificed at various intervals.
Sections were digested with proteinase K (PK), placed in antibodies to
the NE-synthesizing enzymes DBH and TH, NPY or inducible nitric
oxide synthase (iNOS), and then developed with the various detection
systems. Results indicated that protein digestion with PK increased the
intensity and quantitiy of immunostaining and splenic nerve cuts
eliminated TH, DBH and NPY fibers. Sensitivity with PAP, AP and
Cy3 were similar for fiber staining, but EPA impeded interpretation of
cellular iNOS staining induced by endotoxin. Thus, PK can be a
valuable tool for antigen unmasking and AP and Cy3 offer an
alternative detection system for organs with high levels of EPA such as
the spleen. Supported by the MRC of Canada and the NIMH.
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Br-cAMP), alone or in the presence of IL-1 B or IFN-y, did not result in detectable
increases of i-NOS activity. In the presence of both IL-IB and IFN-y, however, 8Br-cAMP increased both enzyme activity and mRNA levels. The potentiation of iNOS activity observed from co-stimulation with IL-lB and IFN-y, either in the
absence or presence of 8-Br-cAMP, was inhibited by preincubating the cells with
L-N5-- 1-iminoethyl)ornithine, an irreversible i-NOS inhibitor. These results indicate
that cAMP-mediated processes can synergize with cytokines to stimulate i-NOS
expression in astrocytes. Moreover, since the requirement for either IL-lB and IFNy was not replaced by 8-Br-cAMP, additional signal transduction pathways are
likely involved in the IL-lB and IFN-y induced i-NOS expression.
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STATIC FORCE REPRESENTATION BY THE POPULATIONS OF MOTOR CORTICAL NEURONS IN THE
JOINT-RELATED COORDINATE SYSTEMS.

DISCRIMINATION AND CORRELATION OF EEG BRAIN ACTIVITY WITH
STATIC TORQUE EXERTIONS IN THE UPPER EXTREMITY OF HUMAN SUBJECTS. J.P.A. Dewald*. A.L. Ricamato and J.D. Given. SMPP. Rehab. Inst, of Chicago, and Dept, of PM&R, Northwestern University Medical School, Chicago, Il.
We have combined EEG and EMG recordings during mechanically controlled static torque exertions in specific directions for the investigation of muscle synergies in
the upper extremity of three subjects. Analysis of resulting spatial EMG profiles have
shown that consistent muscle coactivation patterns exist across subjects. This work investigates the existence of similar distinct spatial organization at the level of the brain.
Subjects were seated with their wrist casted to a 6 degrees of freedom (D.O.F) load
cell which measured the respective elbow and shoulder torques. Subjects were
trained to produce elbow and shoulder torque ramps of 2 seconds duration followed
by a 1.5 sec steady state hold using visual torque feedback. Four target directions,
spaced apart by 90° and corresponding to elbow flexion-extension and shoulder abduction-adduction torques, were used in our paradigm. EMGs were recorded from 2
elbow and 6 shoulder muscles using surface electrodes. EEG signals were recorded
from a total of 120 electrodes placed in a cap on the subject's head. The head and
EEG electrode placements were digitized to permit additional EEG analysis. 80-100
trials of recorded EEG epochs were first aligned using either EMG or torque onsets
and then ensemble averaged for each direction yielding SNR's > 15.
Alignment of EEG epochs using EMG onsets produced erroneous shifts of up to 200
ms between peak EEG motor potentials. These shifts disappeared when EEG ensemble averaging was realized using torque onsets. A comparison of subject specific 3D
voltage maps, constructed from ensemble averaged EEG data and recorded head and
EEG electrode 3D coordinates, showed differences in topographic brain activity as a
function of target direction. However, for the same subject, topographical brain activity was consistent when repeating the same target direction.
These results indicate that ensemble averaging of EEG motor potentials is best
achieved using torque onsets since torque provides the best measure of total motor
output of the shoulder-elbow system. Furthermore, 3D voltage maps do indicate differences in brain mapping as a function of torque direction. This may indicate differences in topographical organization at the level of the brain prior to and at the start of
the execution of different muscle synergies in the upper extremity. Supported by NIH
NS19331.

Tokyo 102, Japan
Dynamics representation in the motor cortex has long been
suggested. Experiments by Kalaska et al. (J Neurosci 1989) provided
deeper insights into the relations of the activities of motor cortical
neurons to dynamics parameters. The objective of the present research
is to investigate theoretically static force representation in the motor
cortex. In order to do it, the descending circuit from the motor cortex to
the spinal cord is modelled, which relates the population activity of Ml
pyramidal cells to that of motor neurons. The activities of the cortical
neurons are modulated sinusoidally by the direction of static force
represented in the intrapersonal, joint-related coordinate system
(Tanaka, NSL 1994). The major consequences of the present theory
are: (a) The populations of Ml cells code static force of the arm; (b) The
direction of the force is coded distributedly throughout the whole
populations; (c) The magnitude of the force is regulated by changing the
depth of modulation of the activities of the Ml pyramidal cells; (d) The
descending circuit transforms the static force coded in the motor cortex
into static joint torques, which are coded by paired motoneuron pools in
the spinal cord; (e) Change of the static joint torques with the postural
change of the arm is provided by changing the activities of the
pyramidal cells, rather than by changing the synaptic strengths of the
neuronal circuit; (f) A substantial proportion (but not more than half) of
the pyramidal cells has negative correlation with the static force, which
was observed in experiments (for example Maier et al., J Neurophysiol
1993).
S. Tanaka*. Dept. of Electrical Eng., Sophia Univ.,

815.3

815.4

CELL ACTIVITY IN MONKEY DORSAL PREMOTOR (PMd) AND
PARIETAL AREA 5 CORTEX ARE ALTERED BY CHANGES IN ARM
POSTURE FOR MOVEMENTS WITH SIMILAR HAND TRAJECTORIES.
S.H. Scott, L.E. Sergio* & J.F. Kalaska. CRSN, Dept. de Physiologie, Univ. de
Montreal, Montreal, PQ, CANADA H3C 3J7
We have shown previously that neuronal activity in monkey primary motor
cortex (Ml) is altered by changes in arm posture for movements with similar
hand trajectories (Scott & Kalaska, Neurosci. Abst. 20:982,1994). The present

study tested the effect of arm posture on cell activity in parietal area 5 (A5) and
dorsal premotor (PMd) cortex. We trained two monkeys to move a pendulumlike handle to visual targets using two different arm postures- the ’natural’
posture in the sagittal plane, and abducted approximately 80° into the horizontal
plane in order to grasp and move the handle. The two arm postures changed
the mechanical state (i.e. length and EMG activity) of muscles that span the
shoulder and elbow joints. In both postures, the hand position remained at
shoulder height. In both cortical areas, the activity of individual cells was
usually not identical in the two postures. Tonic cell activity often significantly
increased or decreased (PMd: 100/169 cells; A5: 45/80; Ml: 390/539; F-test,
p<0.05). The direction tuning of cells also often changed (PMd: 117/169; A5:
65/80; Ml: 458/539; F-test, p<0.05) and the mean change in direction was less
in PMd (22.6°) than in A5 (42.1°) or Ml (42.5°). Overall, the effect of arm
posture was less for cells in PMd than in A5, and both these areas were less

affected when compared to Ml or to mathematical models based on intrinsic
movement attributes. Supported by MRC Group Grant in Neurological
Sciences (JFK), and MRC (SHS) and FCAR (LES) Post-Doctoral Fellowships.

MAPPING MOTOR CORTEX OUTPUT ZONES WITH STIMULUS
TRIGGERED AVERAGING OF EMG ACTIVITY: DISTAL AND PROXIMAL
FORELIMB MUSCLE REPRESENTATIONS IN THE RHESUS MONKEY, ffi
Karrer*. PJ McKieman, J Marsano, A .Bgih^j gaff and PD Cheney Physiology
Dept & Smith MRRC, Univ Kansas Medical Center, Kansas City, KS 66160
Using repetitive ICMS (intracranial microstimulation with high frequency trains)
to evoke movements or EMG activity, others have reported significant areas of
overlap in MI output zones representing distal and proximal muscles (e.g.,
Donoghue et al., Exp. Brain. Res. 89: 1, 1992). Such zones of overlap may serve as
substrates for activation of functional muscle synergies underlying coordinated
multi-joint movements. The goal of this study was to apply a mote sensitive output
mapping method - stimulus triggered averaging of EMG activity - to identity MI
zones representing distal and proximal forelimb muscles. Two rhesus macaques
were trained to perform two motor tasks: 1) a reaching and prehension task, and 2) a
targeted push pull task. Averages of rectified EMG activity were computed from
individual microstimuli (10-20 pA, 10-20 Hz) delivered to MI cortex in penetrations
placed at 0.5 mm spacing. EMG activity was recorded from a total of 22 forelimb
muscles including 11 proximal muscles (5 shoulder, 6 elbow) and 11 distal muscles
(4 wrist, 5 forearm digit and 2 intrinsic hand muscles). Of the 728 stimulation sites
tested, 464 produced effects in one or more of the target muscles. Of these sites,
157 produced effects exclusively in proximal muscles, 193 exclusively in distal
muscles and 114 in both distal and proximal muscles. Consistent features were
observed in MI output maps confirming work of others (Strick and Preston J.
Neurophysiol. 48: 139,1982; Kwan et al., J.Neurophysiol. 41: 1120,1987). A
primary distal output zone formed a central core that was surrounded medially,
rostrally, and laterally by a horseshoe shaped proximal muscle representation. The
medial arm of the proximal muscle representation showed overlap with the primary
distal muscle representation. We conclude that stimulus triggered averaging of
EMG is a sensitive method that can be used to map both excitatory and inhibitory
zones in MI. Supported by NINDS grant #552096.

815.5

815.6

INPUT-OUTPUT PROPERTIES AND CHANGES OF RECRUITMENT
GAIN OF THE CORTICOSPINAL PATHWAY. H. Devanne. B. A. Lavoie
and C. Capadav*. Centre de Recherche en Neurobiologie, Universite Laval,
Quebec, (Qc), Canada, G1J 1Z4.
Experiments were done to determine the form of the input-output relation of the
corticospinal pathway to the motoneuron pools of the first dorsal interosseus (FDI)
and the tibialis anterior (TA), respectively. The motor cortex was excited by focal
transcranial magnetic stimuli (TCM). In both muscles the form of the input-output
relation (i.e. stimulus intensity vs. response amplitude) was sigmoidal. The
steepness of the relation increased whereas the threshold decreased with increasing
tonic background activation up to about 30-40% of the maximum tonic effort. The
plateau level was not influenced by the background activation level, except that it
could not be reached when no background activity was present. This was probably
due to the limitation of the stimulator maximum output. However, this finding may
reflect a change in the intrinsic excitability of the motor cortex in going from rest
to activity, or that convergent inputs from different descending systems are
required for maximal activation of motoneuron pools. The sigmoidal input-output
relation implies that the amount of facilitation or inhibition of a test EMR is a
function of the test EMR amplitude and that in fact there is no range over which
the amount of facilitation or inhibition is either constant, or relatively so, as has
been suggested for monosynaptic spinal reflexes (see Crone et al., Exp. Brain Res.,
81:35-45, 1990). The increase of the steepness of the relation with the
background level of activity demonstrates that the recruitment gain (Kemell and

MODULATION OF NEURONAL ACTIVITY IN THE PRIMARY
MOTOR CORTEX DURING PASSIVE TEXTURE
DISCRIMINATION IN THE AWAKE MONKEY. W. Biang* and C.
E. Chaommi. CRSN, Uninersit6 de Montrtrd, CCitnia.
Previous studies have shown that area 4 neurones can encode surface
texture and it was suggested that such sensory information is important in
the control of precision grip under different conditions. The present study
investigated the sensory properties of area 4 neurones while a monkey
discriminated a change in the texture of surfaces passively applied to the
contralateral fingertips. The monkey was trained to discriminate a standard
surface (raised dots, 2 mm spatial period (SP) over the entire length) from
3 other surfaces in which the SP was proportionally increased to 3, 4 or
5 mm over the second half (surfaces physically continuous). Following the
presentation of each surface, the monkey indicated the presence or absence
of the change in texture by, respectively, pulling or pushing a lever with
the opposite hand to obtain a juice reward. 41 out of 53 neurones tested
either had a receptive field (RF) that included the scanning digit tips (14
touch, 8 pressure, 9 joint) or were vigorously active during discrete
movements involving the scanning digits yet had no RF (n= 10). Overall,
37 of the 41 units showed increased discharge to the presentation of die
textured surfaces (4 cells not modulated) during the ditcriminatior task.
Texture change-related discharge was seen in only 3/37 neurones in the
task, and all 3 had a cutaneous RF. 6 of the remaining 34 units were also
tested for texture-sensitivity outside the context of the task (monkey not
working; distracted with random drops of juice). 2/6 units (both had a
cutaneous RF) now displayed texture-related discharge. The results indicate
that texture-related information is indeed relayed to area 4, but texture
sensitivity can vary as a function of the context within which the surfaces
are presented. Supported by the MRC and Universitd de Montrdal.

Hultbom, Brain Res., 507:176-179, 1990) of the motoneuron pool changes as a
function of the recruitment level even for the same qualitative task. This implies
that adjustment of the stimulus intensity to compensate for the effect of changes of
the background activity on EMR amplitude is not a valid procedure to insure that
the amount of facilitation or inhibition be independent of the test EMR amplitude.
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IMPORTANCE OF STIMULUS INTENSITY ON THE TIME COURSE AND
MAGNITUDE OF MOVEMENT-RELATED SUPPRESSION OF TACTILE
DETECTION IN HUMANS. Williams S.R.. Shenasa J. and Chapman C.E*.
CRSN, University de Montreal, Montreal, Quebec, Canada, H3C 3 J7
Much debate surrounds the relative merits of active and passive touch. Previous
studies have shown that active movement is accompanied by a reduction in the
transmission of tactile cutaneous inputs. In order to evaluate the effect of a simple
active movement on tactile detection of low intensity cutaneous stimuli,
perceptual performance was examined in humans during the execution of a motor
task, abduction of the right index finger. Stimuli were delivered to the glabrous
tip of the right index finger. The intensity of stimulation was initially set at a
level where 90% of the stimuli were stimuli were perceived at rest (Pw 32
subjects). Four other stimulation intensities (l.25X P* , l.5X P^, l.75X P* and
2X PsJ were examined in separate blocks of trials for 10 of the subjects. Data
from individual subjects were pooled and the time course and amplitude of any
movement-related suppression of tactile perception was examined in relation to
two peripheral events: the onset of movement and the onset of movement-related
electromyographic (EMG) activity. The time at which the first significant
decrease in perception occurred increased from 210 ms before movement onset
(190 ms before EMG onset) with stimuli of intensity P*> to 10 ms before
movement onset (30 ms after EMG onset) at intensity 2x PM. The minimum
proportion of stimuli detected during movement trials varied between 0%
(complete abolition of stimulus detection) at intensity Pm and 87% at intensity 2X

P*,. These results indicate that movement-related suppression of tactile detection
is highly dependant on the intensity of the stimulus being detected. Movement
strategies in active touch could be designed to take advantage of this effect by
optimising the signal to noise ratio in conditions where there is a widespread
increase in absolute detection threshold.
Supported by the MRC, FRSQ, GRSNC and Unim^dia.

815.9

FUNCTIONAL CONNECTIVITY OF NEURONS IN THE SENSORY-MOTOR
SYSTEM CHANGES DEPENDING ON THE PATTERNS OF VIBRISSAL
MOVEMENTS IN RATS: ANALYSIS BY TIME DEPENDENT SCATTER
DIAGRAMS. E. MIYASHITA1*. Y. HAMADA2. M. OGURA1 AND S. MORI1.
*Lab. Neurobiol., Natl. InsL Physiol. Sci., Okazaki, Aichi 444, Japan, 2Lab. Neural
Model., Fron. Res. Pro., RIKEN, Wako, Saitama 351-01, Japan
Functional connectivities among neurons in the rat vibrissal motor (MCx),
sensory (SCx) cortices and the superior colliculus (SC) were studied in relation to
the changes in patterns of vibrissal movements. In three rats, formvar-coated
Nichrome wire electrodes (0out: 25 pm) were chronically implanted into the MCx,
SCx and SC under ketamine hydrochloride anesthesia. After recovery from the
anesthesia, multi-unit activities were recorded through these electrodes during
sniffing movements of the vibrissae and during passive movements of them. Single
unit activities were classified using a cluster cutting analysis. Functional
connectivities of these units were analyzed by time dependent scatter diagrams
(ref.: Y. Hamada et. al. in Brain Res. 660 (1994) 209-215). During sniffing
movements of the vibrissae, both the neurons in the MCx and SCx had excitatory
functional connectivities with neurons in the SC and the neurons in the MCx had
inhibitory functional connectivities with the ones in the SCx. During passive
movements of the vibrissae, both the neurons in the MCx and SCx had inhibitory
functional connectivities with neurons in the SC and the neurons in the SCx had
inhibitory functional connectivities with the ones in the MCx. These results suggest
that the functional connectivities change depending on the behavioral states of the
animals and the pattern of the changes is unique to a given behavioral state.

815.10

NEURONAL ACTIVITY IN MOTOR CORTEX OF CATS
DURING THE PERFORMANCE OF FORELIMB MOVEMENTS.
J.M. Criado*. A. de la Fuente. M. Heredia. A.S. Riolobos and J.
Yaieya. Departamento de Fisiologia y Farmaeologia, Universidad de
Salamanca, Spain.

Findings from studies using recording from single neurons in awake
animals, have revealed some specific functions for motor cortex. Our aim
is to study the participation of motor cortex in different aspects of a
voluntary movement. With this purpose, unitary activity has been recorded
in motor cortex of cats previously trained in an associative conditioning.
The process of conditioning consists in the presentation of an auditory
stimulus (free field) with a random variable range of intensity (4OdB, 7OdB,
or 100dB SPL). Three seconds later, the animal has access to the food by
opening automatically a trap door. To eat, the cat must perform an
extension movement of the forelimb followed by a flexion to get the food.
Following this experimental protocol we studied the cellular discharge
before and after the onset of movement of forelimb. Our results show that
from twenty-eight cells tested, fifteen responded when the cat has the
possibility to get the food. Onset latencies were in a . great majority of cells
circa 250 ms. Thirteen cells of them, keep their increased simple spike
discharge during 1 -2 sc, peaking circa one second after the trap door was
opened. Also we have two cells which responses appeared before the
opening of the trap. The results suggest two kinds of populations cells in
motor cortex, ones related with voluntary movements and other with
aspects related with the anticipation actions. (Supported by DGICYT
Research Project PB 91-0421).

RETRODICTING SENSORY STIMULI AND PREDICTING
MOTOR BEHAVIOR FROM NEURAL ACTIVITY
G. Gadl*. L.M. Kay and W.J. Freeman. University of
California, Berkeley
Estimation of Jacobian matrices in nonlinear systems
can be used to model visuomotor tasks and study population
coding. Based on multiunit recordings in a visuomotor task
from primate motor cortex, we developed a model for the
task of reaching and tracking in a plane and showed how
the model relates to recent population coding algorithms
(Ga£l, Physica D, 1995). Adaptive feedback control of joint
angles of a three-joint arm was used. Visual error was
combined with the transpose of the Jacobian matrix of the
direct kinematic equation to determine the control signal.
At first we simulated small movements at reference
locations to estimate the Jacobian matrix. Then we estimated
the matrix for simulated data ' by "reading off" changes in
joint angles and x-y coordinate values of the hand from
continuous simulated arm movement. In the present study,
we apply the method of estimating Jacobian matrices for
nonlinear functions of neural activity. We use "training"
data sets recorded in an operant conditioning task from
behaving rats. The rats presssed bars on olfactory cue for
water reward (Kay and Freeman, Soc. Neurosci. Abstr.,
1995). We then use the estimated matrices to retrodict
sensory stimuli and predict behavior from "test" data sets.
Supported by NIH R37 MHQ6686-3- and ONR-NOOOU--3--0938.

815.11

815.12

SINGLE NEURON ACTIVITIES DURING A SENSORIMOTOR
DECISION J. Zhang*!. A. Riehle^. S. Kornblurn! and J. Requin^
Department of Psychology, University of Michigan, Ann Arbori
and Cognitive Neuroscience Lab, CNRS, Marseille, France2

CONDITIONING OF MONKEY MOTORCORTICAL UNIT BIDIRECTIONALITY
BY COMPLEXITY OF TRAINING PROGRAM.
SA Sahrmann*, MH
Clare, TW Anderson, M Yamaguchi, EB Montgomery,
Washington University School of Medicine, Physical
Therapy Pgr, Neurology Dept, St. Louis, MO 63110.
Motor cortical neuron discharge patterns have been
related to movement elements such as force and direction.
The relationship of the training task to the discharge
patterns has not been studied. In this study, units in
animals performing a complex repertory of graded and
reversal ankle forces were compared with units in animals
performing a simpler set of fixed force and direction
tasks. Four rhesus monkeys were trained to perform ankle
isometric force tasks in response to signal lights
indicating magnitude and direction of force. Two animals
performed a complex set of 4 tasks involving large and
small forces and reversals of force. Two monkeys performed a simple two task set of unidirectional large
forces. Standard extracellular recording techniques were
used to record from hindlimb motor cortical area.
Related cells (667) had a significant increase in firing
rate (p<.01) timed with the large force phase, from rest
to dorsal (D) or to plantar (P). Chi square was used to
assess significant increase in unit firing rate and the
distribution of cell types classified as unidirectional
(UNI), D or P, or bidirectional (BI) both. Monkeys
trained with the ccmplex schedule had a greater proportion

A monkey was trained to perform wrist extension/flexion movements to
align a pointer with a visual target while single unit activities in primary
motor cortex (MI) were being recorded. The stimuli consisted of colored
LEDs presented either to the left or right of a central starting position.
Depending on the color of the LED, the monkey had to point either directly
at it (compatible condition), or at LED on the opposite side (incompatible
condition). Compatible and incompatible trials were blocked during
training sessions, and were randomized within blocks during recording
sessions. Neuronal activities in die four types of correct trials (left/right x
compatible/incompatible) was analysed to determine whether such activity
was more related to stimulus side, response side, or the compatibility rule
that maps one onto the other. A 3-D vector was constructed to orthogonally
decompose the pattern oi neuronal activity (across four trial types) into the
sensory, motor, and rule aspects of the task. The direction of the vector is
represented by a point on the unit sphere that describes the functional loci
of the activity (whether related to stimulus, to response, to rule, or to the
monkey's "decision’'), while the length of the vector reflects the differential
activity (i.ev variance) across trial types and therefore its task-relevance. For
each neuron, the peak differential activity during a trial was identified
along with its spherical (functional) locus. We find that the peak spherical
lod of the recorded population (156 units) in MI are clustered and evolve
from sensory -> "decision" -> motor lkndmarks" as a trial progresses,
reflecting the monkey's sensorimotor transition during a trial of the task.
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Bi units for the small force task (Una., 82; Bi, 50;
ratio = 1.64) was similar to that of the large force task
in the ccmplex trained monkeys.
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EFFECT OF A VIRTUAL REALITY ILLUSION ON MOTOR CORTICAL
POPULATION VECTORS DURING DRAWING. D.W. Moran. A. Kakavand and
A.B. Schwartz*. Barrow Neurological Institute, 350 W. Thomas, Phoenix,
Arizona 85013; The Neurosciences Institute, 10640 John J. Hopkins Drive, San
Diego, California 92121.
A motor illusion paradigm in a virtual reality environment was used to
ascertain the relationship between visual, movement, and cortical population
trajectories. A rhesus monkey was outfitted with stereographic goggles and trained
to draw computer generated objects in free space. The 3D position of the
monkey's hand was tracked in real time and downloaded to a graphics workstation
that generated a virtual representation of the monkey's hand (spherical cursor) as
well as the desired object to be drawn. The drawing task required the monkey to
trace five continuous revolutions of a computer-generated ellipse. During the first
two revolutions, the ratio of movement gains in the medial/lateral and
superior/inferior directions was unity. During the third revolution, the movement
gain in the medial/lateral direction was quasistatically increased such that a 1.0 cm
hand movement caused a visual displacement of 1.8 cm. Given that the ellipse had
a major/minor axis ratio of 1.8, the monkey visually perceived an elliptical
trajectory during the remaining revolutions while, kinematically, its hand was
moving in a circle. During repeated drawing tasks, single-cell recordings were
obtained from the contralateral primary motor area. A population vector trajectory
was constructed and compared to both the visual and movement trajectories.
Preliminary results from the analysis of 130 primary motor cortical cells
in one hemisphere showed that the population trajectory was elliptical during the
unity gain portion of the task and circular when the gain changed. Therefore, the
population trajectory always matched the hand's trajectory. This suggests that
motor cortical activity encodes the actual hand trajectory instead of the perceived
movement. Supported by NIH (NS 26375).

816.3

THURSDAY AM

816.2

CODING OF TARGET MOTION AND HAND MOVEMENT PARAMETERS
IN MOTOR CORTEX DURING TARGET INTERCEPTION. W. Kruse*. N.
Lindman Port, A.P. Georgopoulos. Brain Sciences Center, VAMC, and Dept, of
Physiology, Univ. of Minnesota, Minneapolis, MN 55417
We recorded the activity of 380 cells in the arm area of the motor cortex while
a monkey intercepted a moving target on a computer screen using a 2D articulated
manipulandum. The target accelerated, decelerated or traveled at a constant
velocity for 0.5, 1 or 1.5 s. A multiple linear regression was used to relate the
ongoing cell activity to the evolving position, velocity and acceleration of the target
and hand movement. Since the interception movement was always upwards, the
trial-by-trial time course of cell discharge at time t, was expressed as a function of
the y-component of position, velocity and acceleration of the target, at time t+k,
and the hand, at time /+/, where k and l were independent time shifts (-120 to
+140 ms). The R2 was calculated for each 10 ms shift. We found that in 378/380
cells the regression model was statistical significant at the combination of shifts
with the highest R2 (median R2 = 0.149). In practically all cells both target and
hand effects were significant; in only 1/378 cells there was only a significant hand
but not target effect, and in only 2/378 cells there was a significant target but no
hand effect. These results indicate that the motor cortex processes dynamically timevarying information concerning both target and hand movement. The same analysis
was performed between the average (across cells) target and hand movement
parameters and the y-component of the time-varying neuronal population vector.
The highest R2 (0.951) was obtained at k = -90 ms and / = +100 ms. The
regression coefficients for position and velocity of target and hand movement were
statistically significant (p< IO"4) but not those for target or hand acceleration.
These results indicate that the moving target exerts an ongoing, dynamic influence
on population activity with a latency of 90 ms, and that, in turn, the neuronal
population exerts an influence on the hand movement with a latency of 100 ms.

816.4

CODING OF MOVEMENT PARAMETERS IN MOTOR CORTEX AND
AREA 5: A COMPARISON USING TIME SERIES, MULTIPLE
REGRESSION ANALYSIS. A.P. Georeopoulos*. J. Ashe. Brain Sciences
Center, VAMC, and Departments of Physiology and Neurology, University of
Minnesota Medical School, Minneapolis, MN 55417
A multiple linear regression model has been used to relate the ongoing cell
activity in motor cortex and parietal area 5 to evolving parameters of movement
(position, velocity, acceleration, and target direction) during 2D arm movements
(Ashe, J. and Georgopoulos, A.P., Cerebral Cortex 6: 590, 1994). In the model
the trial-by-trial time course of cell discharge at time r+r, was expressed as a
function of the XY components of the target direction (unit length vector), and
position (m), velocity (m.s’1) and acceleration (m.s’2) of the hand at time t,
where r was a time shift (-200 to +200 ms). The R2 was calculated for each
10 ms shift. The regression coefficients of the XY components of each parameter
can be used to construct a resultant vector the length of which describes the
magnitude of the relation between the cell activity (imp.s’1) and the particular
movement parameter for each cell. Here we present the results of this analysis
for 290 cells in the motor cortex and 207 in area 5 at the time shift for which R2

was highest. In motor cortex and area 5, respectively, the magnitude
(mean±SEM) of these vectors for the different parameters were as follows:
position (l24.4±5.9l vs. 112.7±6.70), velocity (31.2±1.82 vs. 29.4±2.O7),
acceleration (3.6±O.24 vs. 3.3±O.23), and target direction (15.0+0.75 vs.
l2.6±O.76). Of these comparisons only the last one (target direction) was
statistically significant (P<0.05, t test). These results indicate that the
processing of time-varying movement parameter information is very similar in
the motor cortex and area 5, except for target direction which exerts a stronger
effect on motor cortical than on area 5 cell activity. (Supported by VA and NIH
grants).

SET-RELATED ACTIVITY IN THE DORSAL PREMOTOR AREA REFLECTS
TARGET LOCATION RATHER THAN LIMB TRAJECTORY. L. Shen* and
G. E. Alexander. Dept, of Neurology, Emory Univ. Sch. Med., Atlanta, GA 30322.
The dorsal premotor area has been implicated in the preparation for movement, but
the precise contribution of this region to motor control processes remains unclear.
Single neuron activity was sampled from the dorsal premotor area and from primary
motor cortex in two macaque monkeys while the subjects performed a visuallyinstructed, delayed reaching task. Subjects used the right forelimb to move a joystick,
whose position was reflected by a cursor presented on a video display in front of the
animal. Direct vision of the limb was prevented by an occluding collar. Each trial
began with the illumination of a fixation point in the center of the display. After the
subject had aligned the cursor with the fixation point, four radially arranged
peripheral targets were also illuminated. After a variable delay, the subject was
instructed, by the brief dimming of the appropriate peripheral target, which of the four
would be the "correct" target for that trial. A second variable delay then ensued until
the fixation point dimmed, which served as the movement- triggering stimulus. At
this point, the subject was required to align the cursor with the correct peripheral
target by moving the joystick in the appropriate direction. The direction of die target
(relative to the fixation point) was dissociated from that of the hand/limb trajectory by
varying the spatial mapping between joystick and cursor. This made it possible to
determine whether the set- related activity that preceded the movement to capture the
peripheral target was preferentially related to the direction of the forthcoming
hand/limb movement or to the spatial properties of the target. Of the dorsal premotor
area neurons with directional, set-related activity, nearly all showed directional tuning
that reflected the directiyn/lycatiyn of the target rather than that of the hand's
trajectory. In contrast, in primary motor cortex roughly one half of the neurons with
directional, set-related activity showed directional tuning that reflected the hand's
trajectory while the other half reflected the direction/location of the target.

816.5

816.6

PHASIC RESPONSES TO SENSORY CUES IN THE DORSAL PREMOTOR AREA
REFLECT ABSTRACT FEATURES OF THE INSTRUCTED MOVEMENT
RATHER THAN SPECIFIC DETAILS SUCH AS MOVEMENT TRAJECTORY.
G. E. Alexexaere *a L, Shen, Dept. Neurology, Emory Univ., Atlanta, GA 30322.
Previous studies have shown that neurons in the dorsal premotor area may respond
to visual cues that serve as instructions or as triggers for the guidance of limb

REPRESENTING SPATIAL INFORMATION FOR LIMB MOVEMENT:
ROLE OF AREA 5 IN THE MONKEY. E. Guigon. F. Lacquaniti. L. Bianchi.
S. Ferraina. R. Caminiti* INSERM CREARE, UPMC, 75005 Paris, France;
Istituto Scientifico S. Lucia, 00179 Rome, Italy; Istituto di Fisiologia Umana,
Universita La Sapienza, 00185, Rome, Italy.
How is spatial information for limb movement encoded in the brain?
Computational and psychophysical studies suggest that hand position at start,
via-points and targets is specified relative to the body to afford a comparison
between the sensory (e.g. kinesthetic) reafferences and the commands that
generate limb movement. Here we propose that the superior parietal lobule
(Brodmann area 5) might represent a substrat for a body-centered positional code.
Monkeys made arm movements in different parts of three-dimensional space in a
reaction-time task. We found that the activity of area 5 neurons can be related to
either the starting point, the final point, or combinations of the two. Neural
activity is monotonica^ tuned in a body-centered frame of reference, whose
coordinates define the azimuth, elevation and distance of the hand. Each spatial
coordinate tends to be encoded in a different subpopulation of neurons. This
parcellation could be a neural correlate of the psychophysical observation that
these spatial parameters are processed in parallel and largely independent of each
other in man.
Supported by a grant Human Capital and Mobility (ERBCHRXCT93O266)
awarded by the EEC.

movements. There is general agreement that these responses are strongly conditioned
by the motor instructional content of the stimulus, so that a premotor neuron may
respond differentially to the same physical stimulus when it serves as the instruction
for two different motor acts. Here we present evidence that this conditioning effect is
based on a relatively abstract representation of the movement, namely the goal of the
movement, rather than specific details such as the intended limb trajectory. Single
neuron activity was sampled from the dorsal premotor area in two macaque monkeys
while the subjects performed a visually-instructed, delayed reaching task. On each
trial, the subject moved a joystick to align a cursor with a central fixation point, at
which time four peripheral targets were also illuminated. After a variable delay, one
of the four peripheral targets dimmed briefly. This served as the subject's spatial cue,
instructing which target would be the "correct" one for that trial. A second variable
delay then ensued until the fixation point dimmed, which served as the movementtriggering stimulus. The subject then aligned the cursor with the correct peripheral
target by moving the joystick in the appropriate direction. To dissociate the direction

of the target from that of the limb's trajectory, we varied the spatial mapping between
joystick and cursor. Phasic neuronal responses to the spatial cue, when directional,
were always tuned to the direction of the target, rather than that of the instructed limb
movement. Phasic responses to the trigger stimulus were often directional as well,
even though this stimulus contained no directional information. Like the responses to
the spatial cue, directional responses to the trigger stimulus were always tuned to the
direction of the target and not to the direction of the limb movement itself.
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COMPARISON OF THE NEURONAL ACTIVITY IN SMA AND IN THE
VENTRAL CINGULATE CORTEX DURING PREHENSION IN THE
MONKEY. G.Cadoret* and A.M.Smith. C.R.S.N, University of Montreal,
Quebec, Canada.

A total of 92 neurons in the cingulate cortex, and 115 neurons in SMA
were found to be active in association with grasping and lifting in 2

M.fascicularis monkeys. Neurons in SMA were located in the medial wall,
just caudal to the genu of the arcuate sulcus; neurons in the cingulate
cortex were clustered in the ventral fundus of the cingulate sulcus caudal to
the hand representation of SMA, in area 23c. The number of cells with

proprioceptive fields was considerably higher than that of cells receiving
cutaneous afferents in both the cingulate cortex (29:8) and the SMA (27:3).

Hand movements could be evoked by ICMS at 8 recording sites in the
cingulate cortex and at 12 sites in SMA. In the 2 samples of cells, the

majority of the neurons increased their firing rate between 100 and 600
msec, before the grip onset, with the same distribution of onset times. The
proportion of phasic cells observed in the 2 regions (62% in SMA and 65%
in the cingulate cortex) was higher than in the motor cortex (52%). The

proportion of phasic-tonic cells was lower in the cingulate cortex than in

SMA. Force-pulse perturbations applied to the object during the holding
phase elicited excitatory responses in 19% of the SMA neurons and 32% of
the cingulate neurons, at a mean latency of 49 msec, in both groups of

cells. No evidence of preparatory responses to the perturbation was found

in the cingulate cortex, and only 5 cells in SMA exhibited a preparatory
response. These results indicate that these 2 medial areas share some

DIFFERENTIAL INVOLVEMENT OF M1 AND A PREMOTOR AREA IN A
MOTOR TASK.
N. Picard*’ and P.L. Strick!2.
1VAMC and 2Depts. of
Neurosurgery and Physiology, SUNY-HSC, Syracuse, NY 13210.
We examined activation of the cortical motor areas in monkeys performing
motor tasks using the 2-deoxyglucose (2DG) method. Two monkeys were
trained to perform remembered sequences of reaching movements for a juice

reward (REM task). An additional two monkeys were trained on a Control task

which required them to sit h a primate chair and lick juice rewards delivered at
time intervals comparable to that of the REM task. Using serial sections

spaced 90-100 pm apart, we generated flattened maps of 2DG uptake in motor
areas located on the lateral surface and the medial wall of the hemisphere.

In animals performing the Control task, activation within the motor areas
was largely confined to regions of face representation in the supplementary
motor area (SMA) and primary motor cortex (M1). Activation related to licking

also was present in animals performing the REM task. In addition, these
animals had separate sites of activation in motor areas on the medial wall and

lateral surface. The most extensive and intense activation was found bilaterally
on the medial wall in the caudal cingulate motor area on the dorsal bank of the

cingulate sulcus (CMAd).

A smaller focus of activation was present in the

rostral cingulate motor area (CMAr). On the lateral surface, activation was

present contralaterally in the arm representation of M1.
However, this
activation was largely restricted to the anterior bank of the central sulcus.
Surprisingly, the activation in M1 was modest in extent and intensity compared
to that in the CMAd. In fact, the activation in the arm area of M1 was less
intense than the activation in the face area associated with licking. Thus, the

features and are involved in the sensorimotor control of the hand. However

REM task appears to differentially recruit M1 and a premotor area (CMAd).
Supported by the VA Medical Research Service, USPHS 24238 (PLS), and

both regions seem to be insensitive to the preparatory grip force increases

Medical Research Council of Canada (NP).

in anticipation of the perturbation. Supported by MRC of Canada.

816.9

816.10

DIRECTION OF SACCADES EVOKED BY INTRACORTICAL MICROSTIMULATION
CMS) OF SUPPLEMENTARY EYE FIELD (SEF) 115 DEPENDENT ON BEHAVORAL
TASKCONDITION. N. Fuiii '2, H. Mushiake ~ M. Tanai 2 J. Tanii*. Dpartment of Physiology \ Department of Ophthalmology 2, Tohoku University School of Medicine, Sendai,
980, Japcin.

A MODEL FOR SHIFTING RECEPTIVE FIELDS BASED ON GAINMODULATION AND HEBBIAN LEARNING. E. Salinas, and L.F. Abbott*.
Center for Complex Systems, Brandeis University, Waltham, MA 02254.
Multimodal cortical neurons implicated in a number of spatial tasks involving
coordinate transformations exhibit two types of receptive fields: (1) gain-modulated
and (2) shifting. Gain-modulated responses can be modeled as the product of a conventional receptive field and a variable gain factor (Andersen et al., Science, 1985).
Neurons in parietal area 7a combine visual, eye-position and head-position information in this manner (Andersen et al.). In contrast, some neurons in premotor cortex
responsive to somatosensory and visual stimuli have visual receptive fields that shift
when the arm or head moves, but not when the eyes move (Graziano et al., Science,
1994). In area LIP, visual receptive fields that shift in anticipation of a saccade have
been recorded (Duhamel et al., Science, 1992). Auditory receptive fields that shift
with eye position have also been reported (Stricanne et al., Neurosci. Abstr., 1994).
We show, using theoretical methods and computer simulations, that neurons
receiving inputs from gain-modulated cells can automatically develop shifting
receptive fields if input synapses are subject to a Hebbian or correlation-based
synaptic modification rule. No dynamic reconnection or other type of switching
mechanism is necessary if the presynaptic neurons have gain-modulated responses.
This is consistent with the fact that gain-modulated cells project extensively into areas
that exhibit shifting receptive fields. The synaptic weights needed to produce shifting
responses develop spontaneously without any supervision or error signal. The model
makes testable predictions about how the responses of neurons with shifting receptive
fields might be modified by training. In general, gain-modulated neurons provide a
powerful coordinate-free representation from which downstream networks can extract
the information relevant to their function by means of correlation-based synaptic
modification. Supported by grant NSF-DMS9208206.

In previous reports, the direction of saccades evoked by ICMS of the SEF has
been characterized as goal directed, but at times as fixed vector. We report here
that properties of saccades differ greatly depending on what oculomotor task the
animal performs. A monkey (Macaca fuscata), facing a panel with live LEDs,
performed a visually triggered saocade task with delay. When the animal placed
its hand on a hold plate, an LED was turned on as a fixation targl If fixation was
maintained for 1200-1600 ms (fixation period), the fixation LED was dimmed as
a GO signal. An LED, serving as a saocade target, appeared about 500 ms
before the GO signal, hence there was a delay between the appearance of
saocade target and the GO signal. ICMS was delivered to the SEF at two different phases of the behavioral task. 1) During fixation, 500 ms after the initiation of
the fixation. 2) immediately (50-100 ms) before the GO signal (pre-GQ’sgjnjI).
During fixation, the direction of stimulus evoked saccades was always contralateral to cortical stimulus sites, e.g., from the left SEF, the evoked saccades
were directed rightward. The saocade trajectory appeared either goal directed or
constant vector, with a mean latency of 124.7 ms. In contrast, when the pre-GO
ICMS was applied, the direction of evoked saccades altered depending on the
position of the precued target Thus, the animal captured the target with a saccade, despite the presence of the ICMS. If the saocade target was presented
oontralateral to the stimulus site, the interval between the GO signal and the
saccade onset was <100 ms. If the target appeared psilaterally, the interval
ranged from 150-300 ms.

816.11

816.12

OSCILLATIONS IN MONKEY MOTOR CORTEX DURING
VISUALLYAND
MEMORY-GUIDED
REACHING
MOVEMENTS. B. Acuna*. C. Qjakanggs, J.N, Sanes and J.P. Donoghue.
Department of Neuroscience, Brown University, Providence, Rf 02912.
We previously described y-range (25-50 Hz) local field potential oscillations
LFPs) in monkey primary motor cortex (MI, Sanes and Donoghue, PNAS
90:4470, 1993). The y-LFPs occurred throughout a pre-movement delay period,
ceasing around movement onset. They also emerged when the monkey changed
behavior from quiet sitting to task engagement, suggesting that they are related to
motor preparatory states. The current experiment tested the hypothesis that MI yLFPs encode remembered movement direction. We recorded y-LFPs in MI
through chronically implanted microwires in a monkey performing visually guided
reaching movements to 1 of 3 targets represented on a video monitor. At first, the
monkey position the hand at a central zone for an initial hold period in each of two
tasks. In the memory task, 1 of 3 visual targets was then illuminated for 800 ms.
After a 4 s “pre-cue” period, all targets were displayed, and the monkey was
required to move a position feedback cursor to the instructed target within 600 ms
after the go-cue. In the visual task, the target remained illuminated throughout the
pre-cue period. In both conditions, distinct y-LFPs were evident during both the
hold and pre-cue periods, but they diminished around movement onset and
remained low throughout the movement. We conclude that y-LFPs are not related
to preparation for a specific movement direction because they occurred during the
hold period (before movement direction was specified), and they showed no
directional tuning. Additionally, no apparent difference in the pattern or occurrence
of y-LFPs was seen between the memory and visual tasks. Synchronously active
y-LFPs were sometimes evident across multiple sites, but these were not
temporally locked to any task event. These findings indicate that oscillations are
not related to details of upcoming learned motor actions or to memory processes
that might occur within MI, but that they are inversely related to motor execution.
Supported by Grant NS 25074.
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Simultaneous recording of adjacent motor cortical neurons reveals rapid

modifications in their synchronized activity during the execution of various
motor tasks. These modulations are time-locked to the occurrence of either

external events, such as the presentation of visual stimuli, or internal events,
such as the time when the stimulus is expected and/or the movement is

executed. Coincident firing enhances the probability that the receiving neuron
will be activated. Hence, coincident firing might be considered as a potential

neural code used to bind otherwise disparate activity into a coherent entity.
Dynamics of interactions between neurons were studied both by using trial-

averaged measures (Joint PSTH [1 ]) and by analyzing, trial by trial, individual
epochs of synchronized firing ("unitary events" [2]). "Unitary events" were

defined as activity constellations that occur more often than expected by

chance on the basis of the firing rates of the neurons. The presence and

significance of these events were evaluated, taking also into consideration
the non-stationarity in the firing rates of the neurons involved. The results
suggest that the degree of synchronization in groups of motor cortex neurons

might play a role in the neuronal computations underlying the execution of a
motor task. Furthermore, the time structure of the interaction between
neurons supports the hypothesis that a single neuron might participate in

different neuronal groups by rapidly changing its coupling to other neurons as
a function of computational demands.
[1 ] Aertsen A, Gerstein G, Habib M & Palm G. J. Neurophysiol. 61:900-917

(1989) ;

[2] Grun S, Aertsen A, Abeles M, Gerstein G & Palm G. Europ. J.

Neurosci., Suppl. 7:11 (1994)
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PRECISE SPATIO-TEMPORAL FIRING PATTERNS IN THE FRONTAL CORTEX
OF BEHAVING MONKEYS: EXISTENCE AND CORRELATION TO BEHAVIOR.
Y. Prut, E.Vaadia*. H. Bergman, I. Haalman, H. Slovin. and M. Abeles. Dept. of
Physiology and the Center of Neural Computation, The Hebrew university, Jerusalem
91010, Israel
The possibility that temporally precise events participates in cortical information
processing was tested. Multiple single units were recorded in the frontal cortex of
Rhesus monkeys during performance of a delayed response task. We searched for
firing patterns (FPs), defined as repeated spike-triplets with specific time intervals (with
jitter of ±1 ms). The estimation of significance took into account the firing rates and
the pairwise correlation amongst the units.
We found that. (1) FPs were composed of spikes of one or more units, spanning few
to hundreds ms. A given triplet of units exhibited FPs, of different temporal
structure.(2) Many FPs appeared in relation to behavior. Moreover, different FPs of the
same units could appear preferentially during different behavioral modes. (3) FPs
tended to appear in clusters, each dominated by a different set of units. The clusters
were also related to the behavior. (4) Cross-correlations (CC) were computed for spike
trains and compared to the corresponding 'FPs triggered' CCs. For about 60% of the
neuronal pairs, the two CCs had different shapes. (5) The range of observed time
intervals in FPS of a given neuronal pair, was either broad (presumably corresponding
to a weak coupling) or narrow (presumably corresponding to a strong coupling). (6)
Some FPs appeared more frequently in association with the occurrence of certain other
FPs.
The findings support the hypothesis that information processing is mediated by
synchronous activations of neuronal groups, allowing single neuron to participate in
different computational processes.

816.15

NEURAL NETWORK MODELING OF MOTOR CORTICAL
OPERATIONS DURING MENTAL ROTATION AND
MEMORY SCANNING TASKS. A.V.Lukashin*. B.R.Amirikian.
V.L.Mozhaev and A.P. Georgopoulos. Brain Sciences Center, VA
Medical Center, Minneapolis, MN 55417
We propose a neural network model that reproduces
quantitatively the spiking activity of motor cortical cells recorded
in behaving monkeys during performances of two different

visuomotor tasks: (i) the mental rotation task, which required the
production of a movement at an angle from a stimulus direction,
and (ii) the memory scanning task, which required the selection
of an appropriate movement direction, depending on the serial
position of stimuli in a sequence. In the present study, the
ensemble of directionally tuned motor cortical cells is simulated
by a recurrent network of interconnected, stochastic spiking
neurons. The key point of the model is that a large repertoire of
neural activity is permanently stored in the connectivity matrix in
such a way that, once it is initiated, a particular neural dynamics
evolves in time as a self-sustained dynamic attractor of the
network. Our simulations demonstrate that specific patterns of
motor cortical activity observed in experiments using paradigms
(i) and (ii) can be stored in the connectivity matrix and can be
initiated by specific external inputs of short duration.

816.16

HIGHLY NONLINEAR PROCESSING OF TEMPORAL INPUT FLUCTUATIONS BY REALISTICALLY MODELED CORTICAL BURSTING
NEURONS P.H. Bedenbaugh* and M.M. Merzenich, Keck Center for Integra-

tive Neuroscience, Univ. of California at San Francisco, San Francisco, CA

Analytical models of spiking neurons, MacGregor (1987) model neurons, and
sigmoid elements all misrepresent and nonlinearly distort temporally fluctuating
inputs (Bedenbaugh, 1993). Inputs to these models must therefore be highly
synchronous to produce synchronous outputs. All of these models have simple dynamics dominated by the kinetics of post-synaptic potentials. Through
computer simulation, we studied whether or not the richer intrinsic properties
and longer time constants (eg., as provided by calcium exchange, diffusion and
modulation) of a bursting neuron would represent temporally fluctuating inputs
more accurately than do these simpler models.
A one-compartment model of a cortical bursting neuron based on a model
of Lytton and Sejnowski (1991) was simulated with NEURON. Pairs of model
neurons received input from partially overlapping pools of Poisson spike trains.
Simulations were run with both low variance input (1000 presynaptic neurons)
and high variance input (100 presynaptic neurons). For both sets of simulations,
the synaptic strength was varied to evoke firing rates ranging from less than 4
spikes per second to over 90 spikes per second. We measured the output correlation coefficient as a function of the fractional shared input. These quantities
would be equal for a system that represents temporally fluctuating inputs well.
In every case, the output correlation coefficient was far less than the fraction of shared input, just as for the more simplified models. We conclude that
neurons that behave like this model neuron are better suited for responding unambiguously to particular synchronized spatial input patterns than to accurately
representing fluctuating inputs with a fluctuating output spike train.
Special thanks to Michael Hines for help with NEURON. Thanks to Bill Lytton for the calcium
pump/difusion model. Supported by NIH DC00144 and Pittsburgh Supercomputing Center.

BASAL GANGLIA:

NON-LINEAR DYNAMICS OF SPONTANEOUS NEOCORTICAL
FIELD POTENTIALS RECORDED DURING ANESTHETIZED AND
AWAKE STATES IN CHRONICALLY IMPLANTED RATS. Mark E
Jackson* and Larrv L Cauller, GR41. Neuroscience Program,
University of Texas at Dallas, Richardson, TX 75083-0688.
Nonlinear dynamics provides a means of analyzing multi-variable,
complex systems that were formerly considered either random or too
complex to understand. The analysis of the correlation dimension of
a one-dimensional time series can reveal the deterministic nature of
the complex system and allows an estimation of the minimum
number of variables necessary to describe that system. We are
using non-linear dynamics to analyze the cortical activity of rats with
the goal of determining the essential neurophysiological constituents
of functional cortical activity. This study developed an intact rat
preparation with chronically implanted electrodes in SI, Ml, and Al
neocortex. Spontaneous field potentials were recorded during deep
Nembutal anesthesia and during non-moving, alert activity. The
autocorrelation function showed a slow fall-off and an extended
range of positive correlation and the power spectrum showed
broadly spaced peaks, typical of a fractal signal. Samples of the
time series (32 sec at 1 msec sampling interval) were analyzed using
the Grassberger-Procaccia method to determine the correlation
dimension. The dimension in the awake state was higher than the
anesthetized state («2.9 vs. 1.2). We plan to use this preparation to
study cholinergic modulation in the neocortex of awake, behaving
rats.
Supported by a grant from the Whitehall Foundation.
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BLOCKADE OF HALOPERIDOL-INDUCED CATALEPSY BY
8-OH-DPAT IS MEDIATED BY FOREBRAIN RECEPTORS.
K. Eberle-Wane*. R.J.A. Banks and M-F. Chesselet. University of Pennsylvania,
Department of Pharmacology, Philadelphia, PA 19104.
Peripheral administration of the prototypical dopamine receptor antagonist,
haloperidol, elicits catalepsy in rats. Studies by Neal-Beliveau et al. (1993)
demonstrated that systemic administration of the 5-HTia agonist, 8-OH-Dp AT,
blocked haloperidol-induced catalepsy. The location of the 5-HTlA receptors
mediating this response is unknown. In the present study, we have compared the
effects of 8-OH-DPAT administration into the lateral ventricles (to act on forebrain
5-HTia receptors) vs. infusion into the cistema magna (to act on spinal chord 5HTja receptors) on haloperidol-induced catalepsy. Male Sprague-Dawley rats were
implanted with chronic guide cannulae for intracerebroventricular (ICV) or
intracistemal (ICM) drug administration. All rats received 3 once-daily injections of
haloperidol (2.0 mg/kg, s.c). Five days later, the animals received the same dose of
haloperidol and catalepsy was recorded at 1,2, 3 and 4 hours after injection. To test
for catalepsy, rats were placed with forepaws resting on a horizontal bar 11 cm
above the bench top and the latency to replace both forepaws on the bench top was
measured (max 300 sec). Fifteen min prior to the 3 hour observation, 8-OH-DPAT
(10 gg/5 gl) or saline was administered ICV or ICM according to a within-subjects
design. ICV infusion of 8-OH-DPAT significantly decreased by 81% the duration
of catalepsy at the 3 hour time point, 15 min after its infusion. However,
catalepsy returned to control levels by the fourth observation period, 75 min after
8-OH-DPAT infusion. In contrast, ICM infusion of the same dose of 8-OH-DPAT
had no effect of haloperidol catalepsy. These data confirm and extend previous
studies demonstrating that 5-HTj a agonists block haloperidol-induced catalepsy in
the rat. Furthermore, the data suggest that 5-HTia receptor mechanisms in the
forebrain, rather than in the spinal chord, are responsible for mediating the
anticataleptic effect of 8-OH-DPAT. Supported by PHS grants MH44894 and
MH48125 and Tourette Syndrome Association.

AFosB PARTICIPATES IN THE MEDIATION OF PRIMING G.S.
Robertson^and M. Moreili2 Dept, of Pharmacology1, University of
Ottawa, Ottawa, Ontario, Canada, K1H 8M5. Dept, of Toxicology2,
University of Cagliari, Viale A Diaz 182, Caligari 09100, Italy.
Administration of dopamine receptor agonists to rats with unilateral 6hydroxydopamine (6-OHDA) lesions of the nigrostriatal pathway produce
changes in the denervated striatum that enable a subsequent injection to
elicit more vigorous circling. This behavioural phenomenon is termed
priming.
Dl-like dopamine receptor agonists profoundly elevate
immediate-early gene (IEG) expression in the denervated striatum. IEGs
encode transcriptional regulating factors suggesting they may participate
in gene signalling pathways that mediate priming. Indeed, we have
recently discovered that chronic alterations in dopaminergic
neurotrammission persistently enhance expression of the IEG product
AFosB in the striatum. In order to determine whether AFosB is involved
in priming, we examined whether (A) levodopa-induced priming and
AFosB expression have similar time courses and (B) if inhibition of AFosB
synthesis with an antisense oligonucleotide reduces levodopa-induced
priming. AFosB expression in the 6-OHDA-denervated striatum peaked
3 days after levodopa administration and returned to preinjection levels at
10 days. This time course is similar to that for levodopa-induced priming.
Moreover, intrastriatal injection of an antisense, but not a random,
oligonucleotide against NfosB mRNA 14 hours prior to levodopa
administration significantly reduced circling to a subsequent injection of
the selective Dl-like agonist SKF 38393. Taken together, these findings
suggest that AFosB may play a role in those intracellular events which
mediate levodopa-induced priming.
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STRIATAL OUTPUT STATION. I. EFFECTS OF MICROINJECTIONS
OF GABA AGONISTS AND ANTAGONISTS ON STEREOTYPED
BEHAVIOR. L.F. Allen.* M.P. Latimer. R.I J, McConnell. A.S. Walls and P.
Winn. School of Psychology, Univ. St Andrews, Fife, Scotland KYI6 9JU.
Excitotoxic lesions of the PPTg disinhibit orofacial stereotypy stimulated by damphetamine in the ventrolateral caudatc-putamen (VLCP) (Allen LF and Winn
P, Exp. Brain Res. 1995, in press). Anatomical and behavioral evidence
indicates that outflow from both dorsal and ventral striatum is processed through
the PPTg but it is not clear what particular role this structure fulfils. There are
several VLCP outflow sites from which orofacial stereotypy can be stimulated by
microinjecting GABAergic drugs. In the present experiments we have sought to
first, confirm that microinjections of GABA drugs into the substantia nigra pars
reticulata (SNr) elicit orofacial stereotypy; and second, examine the effects of
various doses of the GABA agonist muscimol and the antagonist picrotoxin
microinjected into the PPTg. In each case rats’ performance was videotaped and
scored using a checklist. In the first experiment, 75ng/O.5pl muscimol injected
into anterior SNr stimulated licking and biting, directed mainly at the cage
environment. Injections into posterior SNr had significantly less effect.
75ng/O.5pl picrotoxin had no effect on orofacial activity when injected into
either anterior or posterior SNr. In the second experiment, 15, 30 and 45ng/O.3pl
of either muscimol or picrotoxin microinjected into the compact portion of PPTg
had no effect on orofacial stereotypy. Small changes in the incidence of sniffing
and rearing were observed. These data suggest that while loss of the PPTg
disinhibits orofacial stereotypy stimulated from the VLCP, manipulating GABA
transmission in the PPTg in the absence of other stimulation does not induce
significant changes in orofacial or other forms of unconditioned behavior.

THE PEDUNCULOPONTINE TEGMENTAL NUCLEUS AS A
STRIATAL OUTPUT STATION. II. EFFECTS OF PPTg LESIONS ON
REACTION TIME MEASURES IN A CONDITIONED VISUAL
DISCRIMINATION TASK. P. Winn.* M.P. Latimer. V. J, Brown and P.J.
Brasted. School of Psychology. Univ. St Andrews, Fife, Scotland KY16 9JU.
Anatomical, functional imaging and behavioral data indicate that the PPTg is
an important output station for the dorsal striatum and related structures. In the
present experiments we examined the role of the PPTg in mediating reaction
time (RT) responses in a conditioned visual discrimination task known to be
sensitive to dorsal, but not ventral, striatal dysfunction. Rats were trained in a
nine-hole box to make responses from a central start-point: bright stimulus lights
signalled a right side response, dim lights a left side response. Correct responses
were rewarded by 45mg food pellets. The time taken to leave the central start
point after stimulus onset was recorded as RT. Before lesions were made there
were no differences between rats in RT; bilateral ibotenate lesions of PPTg were
then made (0.12M: 2 X O.2pl injections/hemisphere; sham lesions 2 X O.2pl
PBS; unilateral lesions were made, followed 24h later by lesions on the

contralateral side). After surgery significant differences were found. Lesioned
rats were significantly slower in RT whereas control operated rats showed no
change from preoperative performance. Histological analysis showed that both
cholinergic (identified by NADPH diaphorase histochemistry) and noncholinergic PPTg neurons had been damaged. These data (i) confirm that the
PPTg is involved in the mediation of dorsal striatal processes; (ii) can be
explained by suggesting cither an interference with striatal outflow systems
(principally directed through non-cholinergic PPTg neurons) or by suggesting
that arousal and/or activational processes mediated by PPTg cholinergic
neurones have been affected.

817.6

817.5

Behavioral Effect of Focal Inhibition of the Subthalamic
Nucleus. D. Dvbdal. K. Japikse. D. Burnhill, and K. Gale*. Dept.

Pharmacology, Georgetown Univ. Med. Ctr., Washington DC, 20007.
Previous electrophysiological _ studies have suggested that the
subthalamic nucleus (STN) is an important source of excitatory
glutamatergic input into substantia nigra (SN). To evaluate the functional
significance of these inputs in the awake, behaving rat, we compared the
effects of focal pharmacological inhibition of STN with the effects of
blocking glutamate receptors within SN. Infusion of muscimol (2OOpmol),
a GABAa agonist, unilaterally into STN induced a pronounced
contraversive postural asymmetry without stimulation of locomotor activity.
A similar response was evoked by the direct infusion of kynurenate
(lOOnmol), a glutamate antagonist, unilaterally into SN. These results are
consistent with the hypothesis that excitatory glutamatergic inputs into
SN regulate postural control and that the STN is a source of these inpirts.
The absence of locomotor stimulation following the inhibition of STN or
blockade of glutamate transmission in SN was in clear contrast to the
marked locomotor stimulation (in addition to postural asymmetry) induced
in the same animals following direct unilateral application of muscimol in
SN, an effect that has been previously well characterized. It therefore
appears that while STN-derived glutamate inputs regulate postural
adjustments, non-glutamatergic excitatory influences derived from
regions other than STN must contribute to the nigral regulation of
locomotor activity.
Supported by NIH grants # NS2O576 and F31 MH10812

MODULATION OF METABOTROPIC GLUTAMATE AGONIST INDUCED ROTATION BY
ADENOSINE AGONISTS AND ANTAGONISTS. J. Feelev Kearney* and R. L Albin.
Neuroscience Program and Department of Neurology, University of Michigan, Ann
Arbor, Ml, 48109-1687.
Metabotropic glutamate receptors (mGluRs) are a major class of excitatory amino
acid receptors. Eight mGluR subtypes coupled to a variety of effector systems have
been cloned. Binding studies have shown that the striatum and subthalamic nucleus

(STN) possess a high density of mGluR binding sites (Albin et al, 1992, Neurosci, 46,35).
Unilateral intrastriatal and intraSTN infusion of the mGluR agonist 1aminocyclopentane-1S,3R-dicarboxlyic acid (ACPD) induces vigorous contralateral
rotation in rats. There is a high density of adenosine A2 receptors in the striatum (Jarvis
et al, 1989, Eur J Pharmacol, 18, 243), and some of the effects of striatal mGluR activation
may be mediated by modulation of adenosine effects. We performed a series of
experiments to determine if the contralateral rotation induced by unilateral striatal
mGluR activation can be modified by activation or blockade of adenosine receptors.
Pretreatment with the adenosine antagonist theophylline (25mg/kg) significantly
decreases contralateral rotation induced by unilateral intrastriatal ACPD (Ijxmol).

Intrastriatal and intraSTN coinjections of theophylline (5mM) and ACPD (1pmol)
significantly decrease contralateral rotation suggesting that mGluRs and adenosine
receptors interact locally. These appear to be adenosine A2 effects as the selective A2
antagonist 8-(3-chlorostyryl)caffeine (CSC) (3mg/kg) also decreases contralateral
rotation induced by unilateral intrastriatal and intraSTN ACPD, while the selective A-|
antagonist 8-cyclopentyi-l ,3-dipropylxanthine (DPCPX) (5mg/kg) has no effect.
Pretreatment with the selective A2 agonist CGS 21680 potentiates contralateral rotation
induced by unilateral striatal ACPD, whereas pretreatment with the selective A( agonist

N6-cyclopentyl-adenosine (CPA) has no effect. These results suggest that mGluR
effects may be due, in part, to modulation of adenosine action.
Supported by NS19613 and 2T32-NS07222.

817.7

817.8

THE LOCATION OF AN IBOTENIC ACID LESION IN THE DORSAL
STRIATUM AFFECTS THE BEHAVIOURAL DEFICIT OBSERVED. R.A.
Flicker*. L.E. Annett. E.M. Torres and S.B. Dunnett MRC Cambridge Centre for
Brain Repair, University of Cambridge, UK
The excitotoxic model of striatal damage has been used extensively in the rat to
test motor deficits both in whole body asymmetries and in skilled limb movements.
However, conflicting results of both the type and extent of behavioural deficits have
been reported. Unilateral excitotoxic lesions of the dorsal striatum, typically give rise
to ipsilateral rotation in response to both amphetamine and apomorphine.
Conversely, recent studies have claimed that a lesion in the rostral striatum induces a
marked contralateral rotation in response to apomorphine. Bilateral excitotoxic
lesions placed in the dorsolateral striatum cause a marked impairment in reaching
movements of the forelimbs and tongue and lesions to more ventrolateral regions
result in impairments in the initiation and execution of these movements. The
present study investigated the effect of unilateral ibotcnic acid lesions in the dorsal
striatum on rotation in response to both amphetamine and apomorphine and in the
“staircase test” of skilled forelimb use. In a 2x2 matrix design experiment, adult
female Sprague-Dawley rats received a double unilateral lesion of 0.5 pl 0.06M
ibotenic acid at 2 sites in either the anterior, posterior, medial or lateral striatum.
Rats which received posterior lesions showed a marked ipsilateral rotation in
response to both amphetamine and apomorphine, while animals receiving anterior
lesions showed little ipsilateral or a slight contralateral bias. Rats receiving lateral
lesions showed a marked impairment of contralateral paw use on the “staircase test”
while animals with medial lesions showed no significant difference to control
unoperated animals. These results confirm the somatotopic organisation of the dorsal
striatum in its role in motor functions and indicate the necessity for design of lesion
arid transplantation studies to take into account the locus of an excitotoxic lesion in
order to evaluate the behavioural deficits and recovery which result.

PREFERENTIAL LOCALIZATION OF SELF-STIMULATION SITES IN
STRIOSOMES/PATCHES OF RAT CAUDATE-PUTAMEN. N.M. White* and N.
Hiroi. Department of Psychology, McGill University, Montreal, Quebec, Canada.
The striatum consists of two histoohemically distinguishable compartments:
"patches" or "striosomes", surrounded by a "matrix". As a test of the hypothesis that
the striosome/patch compartment may have reward-related functions, this study
examined the role of the two striatal compartments in electrical self-stimulation of the
brain. Rats were implanted with monopolar electrodes aimed at the medial portion of
the caudate-putamen. After recovery from surgery they were trained to bar press for
0.5 sec trains of 6OHz sine-wave stimulation. Training consisted of placing the rats
in the test cage and "shaping" them to press the bar by administering trains of
stimulation contingent upon behaviors that approximated die bar pressing response.
Following each training session each rat remained in the cage for 30 min to test for
spontaneous bar pressing. All rats were trained until they reached a self-stimulation
criterion -- at least 100 spontaneous responses in 30 min on 3 consecutive days - or
for a maximum of 11 - 15 days. After attaining or failing to attain the criterion the
animals’ brains were stained for calbindin or calretinin. Animals with electrodes that
were in or touching areas of light calbindin (Gerfen, et al, Proo.NatI.Aoad.Sci.USA
82:8780-8784,1985) or heavy calretinin (Hiroi, in preparation) staining, indicating
contact with a patch/striosome, acquired self-stimulation behavior more reliably than
animals with electrodes terminating exclusively in tissue expressing heavy calbindin
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or light calretinin staining (matrix). The results provide in vivo evidence that the
striosome/patch compartment is functionally differentiated from the matrix
compartment Direct stimulation of striosome/patch compartment, but not of the
matrix, led to acquisition of bar pressing behavior, either because striosome
stimulation .has rewarding consequences, or because stimulation of this area promotes
the storage of new information.
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INTRASTRIATAL DNQX INDUCES CONTRALATERAL ROTATION AND
GLOBUS PALLIDUS FOS IN DOPAMINE-DENERVATED RATS J.J. Schuller*
and J.F. Marshall. Dept, of Psychobiology, University of California, Irvine, 92717.
The striatopallidal and striatonigral projections are the two major output
pathways of the striatum. These pathways both use GABA as a neurotransmitter,
and are influenced by glutamatergic and dopaminergic afferents. Several measures
of neuronal activity indicate that interruption of dopaminergic neurotransmission
in the striatum leads to increased basal activity in striatopallidal neurons. We have
examined the role of striatal glutamate in mediating the striatopallidal
hyperactivity by combining local glutamate antagonist application with behavioral
quantification and immunocytochemical localization of Fos in the globus pallidus
(GP) as an index of striatopallidal activity. Rats were given unilateral 6-OHDA
lesions of the nigrostriatal pathway. 24 d post-lesion, each rat was implanted
unilaterally with a guide cannula aimed at the anterior portion of the denervated
striatum. Unlesioned control rats were also implanted with striatal cannulae at this
time. 3-4 d following cannula implantation all rats were infused intracerebrally
with the AMPA receptor antagonist DNQX (0.75, 1.5, or 3 ug) or vehicle (lul),
and perfused 2 h later. The fixed brains were sectioned and processed for Fos
immunoreactivity.
Rats with 6-OHDA lesions displayed dose-dependent
contralateral rotation in response to DNQX, but not to its vehicle. Unlesioned
control rats were unresponsive to either DNQX or its vehicle. DNQX dosedependently induced Fos in the GP of 6-OHDA-lesioned rats but not in unlesioned
control rats. Vehicle did not induce significant GP Fos in either lesioned or
unlesioned rats. Based on these data we conclude that glutamate acting at striatal
AMPA receptors contibutes to DA-denervation-induced hyperactivity in the
striatopallidal pathway. Furthermore, the disinhibition of pallidal neurons may
play an important role in the expression of motor behavior.

TIME- AND DOSE-DEPENDENT EFFECTS OF THIO END-CAPPED
ANTISENSE OLIGONUCLEOTIDES ON AMPHETAMINE-INDUCED
STRIATAL c-FOS EXPRESSION AND BEHAVIOUR IN THE RAT. M. Hong*.
B,J. Chiasson. K.M.A. Murphy and H.A. Robertson. Department of Pharmacology,
Faculty of Medicine, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4H7
Previous work demonstrated that a single intrastriatal infusion of fully thio
substituted antisense oligonucleotides (s-ODNs) targeted to c-fos mRNA attenuates
striatal c-fos expression and results in ipsiversive rotational behaviour in rats
challenged with amphetamine. However, multiple infusions of these s-ODNs into
the brain were found to produce neurotoxic damage. Although a reduction in the
number of thio substitutions may minimize neurotoxicity, few studies have examined
the effectiveness of partially substituted antisense s-ODNs in vivo. In the present
study, the effects of single and double end-capped s-ODNs targeted to c-fos mRNA
on amphetamine-induced striatal c-fos expression and rotational behaviour were
examined in rats. Intrastriatal infusions of a single end-capped s-ODN (2 nmol)
1, 2.5 or 5 but not 10 hours prior to amphetamine challenge (5 mg/kg i.p.)
attenuated striatal c-fos expression and resulted in ipsiversive rotational behaviour in
a time-dependent manner. Similarly, infusions of a single or double end-capped
s-ODN (0.5 - 6 nmol) 2.5 hours prior to amphetamine challenge resulted in similar
effects in a dose-dependent manner. However, at the higher doses of these antisense
s-ODNs (4-6 nmol) some animals demonstrated seizure activity and increased c-fos
expression was observed in the cortex, thalamus and lateral striatum in addition to an
atypical pattern of amphetamine-induced c-fos expression in the contralateral
striatum. Thus, the present data suggest that infusion of low dose single or double
end-capped s-ODN is effective in attenuating striatal c-fos expression and inducing
ipsiversive rotational behaviour in amphetamine challenged rats while at higher doses
both s-ODNs lead to seizure activity in some animals.
[Supported by The Parkinson Foundation and Medical Research Council of Canada]

817.11

817.12

ANTISENSE OLIGODEOXYNUCLEOTIDES:
COMPARISON OF THE
UPTAKE
AND
LOCALIZATION
OF
PARTIAL
AND
FULL
PHOSPHOROTHIOATE DERIVITIVES IN BRAIN. H.A. Robertson*. Lab.
Molecular Neurobiology, Dept. Pharmacology, Dalhousie Univ., Halifax, Nova
Scotia, Canada B3H 4H7
Antisense oligodeoxynucleotides (ODNs) represent a powerful new technique for
manipulating gene expression in vivo. Endo- and exonucleases present in tissues
rapidly degrade antisense ODNs thus limiting their effectiveness and in general,

INDICES OF ON-LINE AND PREPROGRAMMED CONTROL OF
OPERANT RESPONSE FORCE IN RATS. A. B. Slifkin* and J. Brener.
Dept, of Psychology, SUNY, Stony Brook, NY 11794-2500.
Research on human subjects has shown that control of Peak response Force
(PF) by Time to Peak Force (TPF) reflects the operation of feedback (FB)
processes, whereas control of PF by the Rate of Rise of Force (dF/dt) reflects
the operation of feedforward (FF) processes. The current study tested whether
TPF and dF/dt have the same relationships to FB and FF control of response
force in rats. Knowledge-of-Results (KR) (Immediate or Terminal) and Force

most people have worked with antisense ODNs where the phosphodiester bond is
modified to a phosphorothioate bond. However, we and others have found fiillyphosphorothioate derivitized ODNs to be toxic when administered chronically. In
an attempt to reduce toxicity, we have studied antisense ODNs which have only a
single phosphodiester linkage at the 5' and 3' ends of the ODN modified to
phosphorothioate derivatives (chimeric ODNs). Behaviourally, we observed that
the onset of activity for such chimeric antisense ODNs directed against c-fos was
much quicker than for the fully phosphorothioated ODNs. This has been examined
using FITC labelled antisense ODNs. Rats were injected directly into the striatum
with 2 pl of distilled water containing 1 nmol of either a chimeric antisense ODN
to c-fos or a fully phosphorothioated antisense ODN to c-fos. At various times up
to 24 hr after injection, the animals were perfused, sections cut and the uptake and
localization of the antisense ODN was followed using fluorescence microscopy.
The chimeric antisense ODN to c-fos appeared to diffuse more rapidly in striatum
and was completely gone at 24 hr; the fully derivitized ODN was still present at 24
hr. Interestingly, both the chimeric and the fully phosphorothioated ODNs appear
to be selectively taken up by neurons in globus pallidus. (supported by the MRC of
Canada and SmithKline Beecham Pharma Inc).
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CONTROL OF RESPONSE FORCE IN RATS: EFFECT OF BILATERAL
PARTIAL 6-OHDA NIGRAL LESIONS AND DOPAMINERGIC DRUGS.
J. Brener*. R.E, Streckert. and X. Liu, Depts of Psychology and f Psychiatry,
SUNY, Stony Brook, NY 11794-2500.
The cardinal signs of Parkinson’s disease (PD) include bradykinesia and
tremor. In addition, PD patients show deficits in isometric force production
and the temporal features of individual movements. To understand the
mechanism of these behavioral deficits we examined changes in both the force
and timing of individual isometric responses in a rat model of PD (Liu et al.,
this volume). Hungry rats were trained to apply force to a central beam for 2
s. Following beam release, visual stimuli were presented to signal which of
two other beams (left or right) should be pressed. A sugar water reward was
made available if the left beam was pressed with low force (< 3g), or if the
right beam was pressed with high force (>5Og). On each session rats made
approximately 80 long-duration responses, 100 high-force responses and 100
low-force responses.
Bilateral, partial 6-OHDA nigral lesions resulted in significant increases in
the numbers of low-force and high-force errors. These errors were entirely due
to loss of control over the rate of rise of force (df7dt): Response timing was
uninfluenced either during responses that demanded force control or during
responses that required duration control. These results are attributed to a
deficiency in the programming of response force rather than to deficiencies in
the on-line regulation of motor output (see Slifkin & Brener, this volume).
Related results from pre-lesion drug probes with apomorphine, haloperidol
and amphetamine will also be reported.

Society

Contingency [LOW (2 g) or HIGH (18 g)] were examined in a 2 x 2 betweensubjects design. Under conditions of Immediate KR, food reward delivery
occurred at the moment during response execution that the imposed force
requirement was achieved. This afforded the opportunity for response force to
be regulated by the available external FB. It was anticipated that if rats make
use of the Immediate KR in controlling PF, -then HIGH-LOW differences in PF
would be determined by HIGH-LOW differences in TPF. Under Terminal
KR, use of information about response correctness during response execution
was prevented since food for responses meeting the imposed force requirement
was delivered at response end. Under these conditions therefore, rats were
forced to rely on FF control and it was anticipated that HIGH-LOW
differences in PF would be determined by HIGH-LOW differences in dF/dt.
Both expectations were confirmed indicating that in rats, as in other species,
modulation of PF by TPF reflects FB control whereas modulation of PF by
dF/dt reflects FF control.
.
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DEFICITS IN RESPONSE SELECTION PRODUCED BY BILATERAL
PARTIAL 6-OHDA NIGRAL LESIONS AND DOPAMINERGIC DRUGS.
X. Liu*. R.E. Streckert. and J. Brener. Depts of Psychology and tPsychiatry,
SUNY, Stony Brook, NY 11794-2500.
A sensitive behavioral test was developed to track changes in sensorimotor
capacity produced by partial nigral lesions in rats. Hungry rats were trained - to
apply force to a central beam for 2 s. Following beam release, visual stimuli
were presented to signal which of two other beams (left or right) should be
pressed. A sugar water reward was made available if the left beam was
pressed with low force (< 3g), or if the right beam was pressed with high force
(>5Og). Following collection of the reward, stimuli instructed the animal
either to repeat the last response or to start a new sequence by pressing the
central beam. The task was designed to measure simple and choice reaction
times as well as to record various sorts of response errors.
After bilateral 6-OHDA nigral lesions, which resulted in a loss of DA
neurons in substantia nigra and 50-80% forebrain DA depletions, RT
lengthened as an inverse function of stimulus probability. Thus, data showed
that simple RTs lengthened least and RTs to the most improbable stimuli
lengthened most. This is consistent with the interpretation that the timing
of basic sensory and motor processes were uninfluenced by the lesions, but
that the processes of response selection were profoundly slowed. Error data
relevant to this interpretation as well as pre-lesion data obtained during drug
probes [apomorphine (.01, .03, .1 mg/kg, sc), amphetamine (.03, .1, .3 mg/kg,
ip) and haloperidol(.01, .03, .1 mg/kg, ip] will be reported.
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BASAL GANGLIA AND CEREBELLAR INPUTS TO SUPERIOR COLLICULUS
CONTROL HEAD AND MOUTH MOVEMENTS ELICITED BY FORMALIN
INJECTIONS INTO THE RAT HIND PAW. S. Wang. N. Wood. M . Simkins and P.
Redgrave* Dept. Psychology, University of Sheffield, Sheffield, S10 2TP, U.K.
The dorsolateral substantia nigra reticulata (DL- SNR) projects directly to the
parvicellular medullary reticular formation (PCRt), an oral premotor region, and to the
lateral intermediate layers of the superior colliculus (L-SC), which participate in head
control. Both the L-SC and the PCRt also receive direct projections from the lateral
deep cerebellar nucleus (L-DCN). The purpose of the present study was first, to
characterise in more detail anatomical connectivity from DL-SNR and L-DCN to the
L-SC and PCRt, and second, to establish the role of this circuitry in a task requiring
precise co-ordination of the head and mouth.
Multiple retrograde and anterograde transport of tracers was used to investigate
neural connectivity at the light microscopic level. The main findings were: (i) In
rostral DL-SNR a high proportion (>70%) of retrogradely labelled cells were double
labelled following some of the injections of fluorescent dyes into L-SC and PCRt. (ii)
In L-DCN segregated populations of single labelled cells were found following similar
injections of fluorescent tracers into L-SC and PCRt. (iii) Simultaneous injections of
PHA-L into DL-SNR and biotinylated dextran into L-DCN produced intermingling
patterns of anterograde terminal label in L-SC which surrounded cells retrogradely
labelled with cholera toxin B injected into PCRt.
An injection of 5Opl of 4% Formalin into the hind paw of a rat produces a
reliable biphasic response in which the animal turns to lick and bite the injected paw.
This response was suppressed in a dose-dependent manner by bilateral injections of
the GABA agonist muscimol into the L-SC (12.5-50ng: O.5pl/side). Interestingly, the
animals’ attention and activity were redirected from lower to upper regions of space
when doses of muscimol >20 ng were injected into L-SC.
These data suggest that: i) premotor circuits controlling the head and mouth
receive converging input from both basal ganglia and cerebellum; and (ii) the integrity
of this circuitry is essential for effective performance of a task requiring movements of
the head and mouth.
Supporteid by Wellcome Trust grant 038011/7/93 to PR

CEREBELLUM:
8118.1
INHIBITION OF DEEP CEREBELLAR NUCLEI NEURONS IN
DYSTONIC RATS. J.J. Fu* and J. F. Lorden. Dept, of Psychology,
Univ. Alabama at Birmingham, Birmingham, AL 35294
In the genetically dystonic (dt) rat, a model for torsion dystonia, the
deep cerebellar nuclei (DCN) have been identfied as a site of
abnormality. This study used extracellular single unit recording and
microiontophoresis to test the sensitivity of DCN neurons to inhibitory
input. Under urethane anesthesia, GABA (0.1M, pH 4.5), taurine
(O.5M, pH 3.0), and bicuculline (5mM, pH 3.0), the GABA
antagonist, were applied to DCN neurons in dt rats and unaffected
littennates, aged 18-25 days. In littermates, all DCN neurons tested
(n=17) were inhibited by GABA. Inhibition was defined as a reduction
in firing rate of at least 50% at ejection currents of 90 nA or less. In

the dt rats, only 79% of the neurons tested (n=24) responded.
Unresponsive cells were located mainly in the n. interpositus. In
responsive cells, reduced sensitivity in comparison with littermates was
noted in the lateral nucleus. In littermates, 56% of the neurons tested
(n=l 8) were inhibited by taurine. In dt rats, however, only 23% of
the cells tested (n=22) responded. All cells tested showed increases in
firing rate to application of bicuculline. These results are consistent
with studies showing decreased binding of 3H-muscimol in the DCN of

dt rats and indicate reduced inhibitory control in the dt DCN.
(Supported in part by the Dystonia Medical Research Foundation.)

GENETIC MODELS
818.2
INCREASED SOMATAL PARVALBUMIN AND GLYCINE IMMUNOREACTIVITY IN THE CEREBELLAR TARGETS OF PURKINJE CELL
DEGENERATION MUTANTS. J. BSurie and U. Grusser-Comehls. (SPON:
European Neuroscience Association). Dept. Physiol., Freie Univ. Berlin,
14195 Berlin, Germany
The complete loss of Purkinje cells (PC) in Purkinje cell degeneration (PCD)
mutant mice removes the major inhibitory input to the deep cerebellar (DCN)
and vestibular nuclei (VN). Neuronal activity, however, is not enhanced in the
VN, suggesting compensatory reactions of other inhibitory neurons, but the
total number of GABAergic cells is not increased and the density of
GABAergic terminals is greatly reduced compared to wiidtypes. In the present
study we show that the number of Parvalbumin-immunopositive (Parv+)
somata, which are absent in the DCN and at a very low level in the VN of
normal wiidtypes, increases massively in these nuclei of PCD mutants. This
increase is closely correlated temporally and spatially with the PC loss. In
addition, Glycine-immunopositive (Gly+) neurons are drastically more packed
in the DCN of PCD, and even after correcting for nuclear shrinkage («50%)
the total number of Gly+ cells remains significantly higher by 1/3 compared to
wiidtypes. Moreover, the size and density of Gly+ terminals contacting DCN
neurons are increased in PCD. Double labeling shows that Parv, which often
colocaiizes with GABA, is highly localized in small and medium-sized Gly+
neurons of the DCN and VN in PCD mutants. Taken together, the increase in
Parv+ neurons that mainly colocalize with Gly and in terminal size and density
of Gly+ small and medium-sized neurons reflect most probably an enhanced
inhibitory activity and, as these are presynaptic to the large output neurons, a
reduction in turn of the activity of the latter. This mechanism is likely to
compensate for the PC loss and contribute to the mild motor deficit in PCD
mutants, as a somatal Parv increase can also be evoked in single subdivisions of the DCN and VN by discrete cerebellar lesions in wiidtypes, and in
Weaver mutants where motor impairment is improved by this operation.

818.3

818.4

c-fos EXPRESSION IN THE CEREBELLUM OF SHAKER MUTANT

DEVELOPMENT AND QUANTIFICATION OF ATAXIC GAIT IN THE
SHAKER MUTANT RAT. B.R. Clark* A.J.Bastian. T. Weatherspoon. and W.T,
Thach. Program in Physical Therapy, Dept. of Anatomy, Wash. Univ. Sch. of Med.,
St. Louis, MO. 63108, and McNair Entry Fellowship Program, Knox College,
Galesburg, ILL. 61401.
The shaker mutant rat spontaneously demonstrates Purkinje cell and inferior olive
degeneration(LaReginaetal., Lab. Animal Sci. 42:
1992). Clinically shaker
rats are classified as strong shakers or mild shakers depending on the presence or
absence of tremor. We were interested in determining whether gait deficits in the
strong shaker mutants correlated with the described progression of Purkinje cell
degeneration (Tolbert et al., J. Comp. Neurol., in press). At regular intervals
between 1-6 months of age, we evaluated gait by having normal and shaker rats
traverse a clear plexiglass tunnel. Hindfeet were marked with black ink and forefeet
were marked with red ink for footprint identification. Measurements of stride
length, step length, and stride width were made. Spatial distribution of hindlimb
footprints relative to ipsilateral forelimb footprints were measured. Landmarks on
the hip, scapulae, wrist, and ankle were marked with black ink. Left forelimb and
hindlimb kinematics were videotaped and analyzed using Peak Performance.
At 1 month of age, shaker gait appeared normal. By 3-4 months of age, walking
track analysis of shaker gait revealed decreased step and stride length, increased
hindlimb stride width, and increased variation of hindlimb placement relative to
ipsilateral forelimb placement. Videotape analysis of kinematic gait abnormalities
showed forelimb high stepping, highly varied ankle path during hindlimb swing
phase, larger and more variable hip displacement, increased time spent in stance
phase, and disturbed temporal and spatial pattern of footfalls. Hildebrand plots
revealed a lack of temporal synchrony in both the lateral sequence and diagonal
couplet that characterizes normal rat gait. At 6 months of age these deficits are
more pronounced. In addition, the rats fell more frequently and took extra footfalls
uncoupled with footfalls of the ipsilateral limb. These results are consistent with
the described time course and extent of Purkinje cell degeneration in shaker rats
(Tolbert, ibid). (Supported by the Program in P.T.)

RATS WITH HEREDITARY PURKINJE CELL DEGENERATION.
D.L. Tolbert*, P. Sharp. M. LaReqina and P. McCulloch. Depts.
Anat. &. Neurobiol. and Surg. Saint Louis Univ. and Div. Comp.
Med. Washington Univ, St. Louis, MO. 63104
Three month old Shaker mutant tats ate characterized by
coincident degeneration of lobule l-IX Purkinje cells and motor
ataxia. Immunochemistry was used to assess c-fos activity in
the cerebella from Shaker mutant and normal rats. Fos immunoreactivity was observed in the cortex, white matter, and deep
nuclei in mutant rats.
In the cortex clusters of Fos
immunopositive cells were located in the granule cell layer of
lobules l-IX. There were no immunopositive cells located in
other cortical layers. Subjacent to the clusters of Fos positive
cells in the granule cell layer Fos immunoreactive cells were
frequently present in the white matter. In other areas clusters
of positive cells were located in the white matter at the base of
folia and lobules.
Fos immunoreactive cells were present
throughout the cerebellar nuclei.
These cells were more
numerous and grouped together . in regions deafferented of
inhibitory corticonuclear input. Comparable patterns of Fos
immunoreactivity were not observed in normal cerebella. These
findings of increased cerebellar activity in Shaker mutant rats
could be the basis for the ataxia and tremor seen in these
animals. (Supported by NIH grants RR07013 and NS2O227).
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818.6

INFERIOR OLIVARY NEURON NUMBER IN DEVELOPING
NORMAL AND LURCHER MICE. J. A. Heckroth*. Department
of Anatomy and Neurobiology, St. Louis University Medical
School, St. Louis, MO 63104-1028.
The number of neurons which comprise the inferior olivary
complex has been estimated in wild-type and lurcher mice at 10, 20,
and 30 days of age. Current results reflect neuronal number
estimates in three mice of each genotype at each age. Serial 5O|im
frozen sections were stained with cresyl violet and analyzed using a
Neurolucida® system. Boundaries were drawn around each of four
olivary subdivisions (caudal and rostral medial accessory olives,
dorsal accessory olive, and principal olive) in every other section,
and these outlines were used by Neurolucida® to generate volume
estimates of each subdivision. Neuron density in each of the
subdivisions was estimated by counting the number of neuronal
nuclei within a randomly positioned 125,000 pm3 cube of tissue in
each section. Average density values were multiplied by the volume
to provide neuronal number estimates of each subdivision. The
number of neurons in the wild-type inferior olive remains relatively
constant (about 13,000) over the period examined. The number of
lurcher olivary neurons is already reduced by about 30% at 10 days
of age, and falls to about 30% of normal by 30 days. Although a
previous study demonstrated homogenous olivary atrophy in adult
lurcher mice, the present results suggest a differential rate of loss
from the olivary subdivisions. Most notably, the current data
suggest a relative sparing of neurons in the caudal medial accessory
olive during the period investigated. This work was supported by
NINDS grant NS33969.

COMPENSATORY MECHANISMS IN WEAVER MUTANT MICE AFTER
LESIONS OF THE CEREBELLAR VERMIS. C. Grusser. J. Baurle and U.
Grusser-Cornehls. (SPON: EUROPEAN NEUROSCIENCE ASSOCIATION).
Dept. Physiol., Freie Univ. Berlin, 14195 Berlin, Germany
Recent investigations in Weaver mutant mice, which suffer from an almost

818.7

complete loss of cerebellar granule cells, a portion of the Purkinje-cells (PCs,
mostly in the anterior vermis) and a degeneration of dopaminergic cells in the
substantia nigra, have shown that ablation of the ' cerebellum improved the
poor motor performance (severe ataxia, instability of gait, posture and
balance) significantly. Electrophysiological experiments revealed a
disorganized and faulty output of the surviving PCs and a disinhibition of type
i vestibular nuclei cells. On the basis of these findings we removed the
anterior vermis in young animals. Their motor performance was observed in
an arena divided into 10 x 10 cm squares and the number of tumblings
counted within a 5 min walking period in relation to the squares traversed
(t/k). T/k improved by 77% in relation to the preoperative values and
manoevering on a slanted wire and wooden bench recovered dramatically.
Immunocytochemical investigations revealed an increase in GABA- and
Parvalbumin-positive soma labelling of small and medium-sized neurons in
the deep cerebellar (Fastigius) and Deiter’s nuclei, both projection sites of the
anterior vermis. Parvalbumin is a Ca2+-binding protein and thought to

indicate high activity levels of the respective neurons. Since a large portion of
the small and medium-sized neurons are inhibitory, a tentative assumption is
that by removing the total population of PCs in a restricted cerebellar area, a
shift in the inhibitory power occurs, leading probably to the better motor
compensation in the operated Weaver. The same mechanism is observed in
PCD mice, which have an almost complete lack of PCs and in normal
wildtypes in which again a portion of the cerebellum was removed.

818.8

GROOMING IN WEAVER MUTANT MICE. R. Lalonde* and C.
Strazielle. Universite de NANCY I et Universite de Montreal, Centre
de recherche en sciences neurologiques, Universite de Montreal,
Montreal (Qc) Canada H3C 3J7

Since electrical stimulation of the medial parts of the cerebellum
(vermis and fastigial nucleus) elicits grooming in normal rats, we
wished to determine to what extent cerebellar atrophy affects the
grooming response. Weaver mutant mice, characterized by
degeneration of cerebellar atrophy affects the grooming response.
Weaver' mutant mice, characterized by degeneration of cerebellar
granule cells and midbrain dopamine neurons, were compared to
normal mice during self-grooming after water immersion. There were
no intergroup differences for grooming episodes, grooming sequences,
and grooming episodes per sequence. One grooming component
appeared less frequently in weaver mutants: face washing and one
more frequently: abdomen licking. Normal mice began a sequence by
grooming an anterior body part on 68.9% of occasions, whereas this
pattern was reduced (32.5%) in weavers.
Funded by NSERC (Canada).

AN ELECTRON MICROSCOPIC ANALYSIS OF NORADRENERGIC
INNERVATION OF THE WEAVER CEREBELLUM. L.C. Abbott* and C.
Sotelo. Dept, of Vet. Anat. & Public Hlth., Texas A&M Univ., College Station, TX
77843. USA and INSERM U.106, 47 Blvd. de lHopital. 75651 Paris, FRANCE
Although monoaminergic (MAergic) systems can form classical synaptic
junctions in many central regions, the vast majority of MAergic axon terminals are
"non-junctional", which correlates with the paracrine action exerted by these
systems. To assess the influence of the cellular environment on synaptic modeling
of cerebellar MAergic axons, noradrenergic innervation of the wild type mouse
cerebellum was compared with that of the weaver (agranular) cerebellum.
Noradrenergic axons were ultrastructurally identified using immunocytochemistry
for tyrosine hydroxylase (TH), with an antibody provided by R. Reinhardt. In wild
type and weaver cerebella, almost all TH+ varicosities were non-junctional and

their density was much greater in weaver than in wild type cerebella. From large
samples of TH+ varicosities, neuronal elements apposed to noradrenergic axon
terminals were identified and quantified. 80% of the TH+ varicosities were
apposed to dendritic profiles, of which about half belonged to Purkinje cell
dendrites. 60% of the TH+ varicosities were apposed to other axon terminals. In
wild type mice, 45% of the dendritic profiles apposed to TH+ varicosities were
synaptically contacted by apposed TH- axon terminals, whereas in the weaver
mouse this percentage decreased to 22%.
These results emphasize that cerebellar noradrenergic innervation is almost
exclusively of the non-junctional type, and that Purkinje . cells do not appear to be
the only target of this innervation. Granule cell absence does not change the fate
of the noradrenergic innervation, because it does not evolve from a mostly nonjunctional into a junctional input. This is in contrast to the report for serotonin
axon terminals in a rat phenocopy of the weaver mutation (Beaudet and Sotelo,
Brain Res. 206:305, 1981).
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SYNCHRONIZATION EFFECTS OF AUDITORY RHYTHM ON GAIT
IN HEALTHY ELDERLY AND PARKINSON’S DISEASE PATIENTS.
M.H.Thaut*! G.C.McIntosh1. S.H.Brown2, R.R.Rice3. C.A.Mezza1, R.A.
Miller1. Center for Res. in NeuroRehab., Colorado State Univ.1; Center for
Human Motor Res., Univ. Michigan2; Poudre Valley Hospital3; Fort Collins
CO 80523.
The effect of auditory rhythm on stride timing in Parkinson’s disease (PD)
was studied in a frequency entrainment design. Twenty-one PD patients on
dopaminergic medication (ON), 10 PD patients off medication (OFF), and 10
healthy elderly (HE) subjects completed 4 tasks: (1) 30 m baseline walking at
preferred speed; (2) walking with rhythmic cue matched to their baseline
cadence; (3) walking with rhythmic cue 10% faster than baseline; (4) walking
with rhythm faded.
Rhythmic signal frequency entrained gait cadence across all frequencies in all
subjects except 2 ON-Pd patients exhibiting continuous step-to-cue phase drift.

FORCE SYMMETRY FEEDBACK TRAINING ON THE BICYCLE IN PATIENTS
WITH UNILATERAL CEREBROVASCULAR ACCIDENTS. K.L Perell.1 RJ,
Gregor.*2 A.M.E. Screinm? 'PM&RS, WLA VAMC, LA, CA 90073 & ^em-gia
Tech, Atlanta, GA 30322.
The rerrcsp of this study was to examine the ability of subjects with unilateral
cerebrovascular accidents (CVAs) to utilize kinetic feedback to modify pedaling
techniques. The relationship between rprfcrmdnrp and needcrhysiclcgirdl parameters
such as sensation, rrcrrirprticn, kinesthesia, and cognition were explored. Eight male
subjects with unilateral CVAs were randomly assigned to two groups. The bicycle
apparatus was a recumbent bicycle with pedals capable of measuring normal and
tangential components of the applied force. Training consisted of twelve one-minute
trials with one minute rest between trials, three times a week for four weeks.
Feedback consisted of visual and verbal feedback regarding patterns approximating
the effective force bilaterally after each trial during the rest periods. The nc-ftedbare
(NF) group received no feedback. No feedback was given during the pre/post testing
sessions. Effective pedaling was determined by the amount of positive crank work
invclved/ncninvolvHd (I/N) leg ratio. The NF group showed improvement in this
parameter, but the FB group did not. Possible explanations for the lack of
improvement in the FB group are: 1) the cyclical nature of cycling allowed for
natural patterns to develop without feedback; 2) with feedback, frequent trial-to-trial
changes interfered with the development ofnatural patterns; 3) the feedback may have
been too complicated for this population; and 4) development of Hrrcr-dHtHrticn
mechanisms by integrating the visual feedback and kinesthetic variables was limited
by the compromised learning and integrating abilities of these subjects. Further,
subjects with subcortical lesions tended to perform better than those with rcrtiral
lesions. In the three most important effective pedaling parameters, the majority of the
subjects who had I/N ratios closer to 1.0 (complete symmetry) had subcortical lesions.

Rhythmic cuing decreased variability of stride intervals (IRI) in the OFF-PD
group by 62%, and between 10 and 30% in the HE and ON-PD group.
Rhythmic stimulus interval (ISI) and IRI were closely matched across all
frequencies. Offset values ranged from 8 to 40 ms. OFF-PD patients had larger
synchronization errors (SE) (matched cuing: 125 ms; faster cuing: 142 ms)
than ON-PD patients (75 ms; 98 ms) and HE subjects (72 ms; 92 ms). Phase
angle transformations of SE to normalize for ISI differences showed the same
results. SE variability was similar between OFF-PD and ON-PD groups (40.5
vs 47.3 ms) and increased slightly with faster cuing in both groups (45.9 vs
48.2 ms). We conclude tiiat ttmdceeper entrainmmt occurred m die! HE and
both PD groups, however with larger and more variable synchronization offsets
in the OFF-PD group.
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THE EFFECTS OF CHEMOTHERAPY ON GAIT PATTERNS IN CHILDREN
WITH ACUTE LYMPHOBLASTIC LEUKEMIA. Y.Galfla«,rMarkU-AHiltan
and M-R PierrynowKlfi- Human Movement Lab., McMaster Univ., Hamilton, ON,
Canada L8N 3ZS.
The majority of children receiving treatment for acute lymphoblastic leukemia
(ALL) develop abnormalities of gait, reduced weight bearing and, in severe cases,
wheelchair confinement (Halton, et al, 1993). Children with ALL admitted to the
McMaster University Medical Centre are treated on the Dana Farber Cancer Institute
Protocol, having a prospective of cure approximating 80%. Upon presentation,
patients are categorized as either high or standard-risk of relapse (HR or SR) based on
(primarily) total white blood cell count and age. Patients in the HR category receive
3X die dosage of corticosteroids (Dexamethasone) than those in the SR category and are
cranially irradiated in addition to receiving the SR consolidation and maintenance
protocol. SR males receive cranial irradiation but the standard steroid dose.
Complete, kinetic gait analyses were performed on 21 patients who were at
various stages of the 24 month treatment protocol. In addition, total serum protein,
creatine phoshokinase, serum 3-methylhistidine and hydroxyproline levels were
monitored in an effort to assess myofibrillar and collagen degradation secondary to
administration of Dexamethasone. The HR females (N=6) were the most severely
affected , with the maximum hip joint power at toe-off showing a definite decline as
treatment progressed. Those least affected were the SR males (N=7) whose hip joint
powers at toe-off did not show a decline as treatement progressed. . SR females (N=5)
and HR males (N=3) showed progressive declines in hip powers but to a much lessor
extent then the HR females.. Serum 3-methylhistidine and hydroxyproline levels
correlated well with maximum hip powers (r=0.748 and 0.891, respectively). Knee
and ankle joint powers at toe-off were not affected to the same extent. These findings
suggest that the observed gait abnormalities in these children could be attributed to a
corticosteroid induced myopathy affecting the large ,proximal lower limb muscles.

EFFECT OF PARESIS

ON GAIT INITIATION AFTER

STROKE.

F, Malfluinn.CL,, Richards. F, Dumas, C, Bonneau. F, Coimau.and.-iL.LayQie,

Lab. Neurobiology and Physiotherapy Dept., Laval Univ., Quebec City, PQ, G1J
1Z4, Canada.
The initiation of gait is controlled centrally by a motor program (Crenna &
Frigo 1991) that releases preparatory adjustments (PAs) to propulse the body forward
and toward the stance limb. The aim of this study was to determine if PAs are
preserved after a stroke. The activations of soleus (S), tibialis anterior (TA), and the
ground reaction forces were recorded bilaterally in nine subjects (mean of 56 yrs) who
had sustained a first stroke. Subjects initiated gait under two conditions: 1) with the
paretic limb as the swing limb (PSW) or 2) with the non paretic limb as the swing
limb (NPSW) while they stood with one foot on each of two force platforms
(AMTI). The latency of PAs, and peak values of the centre of pressure (CP),
normalized to the length of the base of support, were compared between conditions
and to results from a control group (n=6) walking slowly. The two paretic subjects
with highest gait velocity (99, 104 cm/s) displayed characteristics PAs (bilateral TA
pre-activation, S inhibition, and displacement of the CP backward and to the swing
limb) for the two conditions, but the magnitude and timing of the PAs differed from
controls. In the other subjects with a slower gait (28-69 cm/s) only the TA from the
NP limb was pre-activated in either conditions. The TA from the NP limb was also
activated first whether gait was initiated with the PSW (245 ± 70 ms) or the NPSW
(216 ± 98 ms) limb. In addition to this fixed order of recruitment, the latency of TA
was longer than controls (140 ± 24 ms) suggesting a bilateral involvement in the
planning process of the gait initiation program after stroke. While controls had
displayed a nearly symmetrical backward shift (peak CPx) under the swing (12.4%)
and the stance (14.2%) limbs, patients had smaller CPx on the P side (4% and 8.8%)

compared to the NP side (8.8% and 10.9%) for conditions 1 and 2, respectively.
Present results suggest that strategies involving the NP side compensate for impaired
feedforward control of gait initiation after stroke (Supported by NHRDP).

819.5

819.6

EFFECTS OF INCREASED SPEED AND WORKLOAD ON THE CONTROL
OF MOVEMENT IN PERSONS WITH HEMIPLEGIA. D.A. Brown*. S.A.
Kautz. and C.A. Dairaahi. Motor Control Physiology Lab. Rehabilitation
Research and Development Center at the Palo Alto Veterans Affairs Medical
Center (153), Palo Alto, CA 94304 Funded in pad by Foundation for Physical

THE DYNAMICS OF HUMAN LOCOMOTION: HYSTERESIS
AT THE WALK-RUN TRANSITION- F- T- Diedrich* and W- HWarren- Tr- Department of Cognitive and Linguistic Sciences,
Brown University, Providence, RI 02912
Why do humans switch from walking to running as speed
increases? According to the dynamic theory, the shift between
gaits behaves as a bifurcation between two attractors (Diedrich
& Warren, 1995)- This theory predicts that the transition should
exhibit hysteresis, which is a tendency for the walk to run
transition to be made at a higher speed than the run to walk
transition- Strong evidence for hysteresis has been found in
experiments in which speed was varied in a step-wise manner
through the transition region (e-g-, Hreljac, 1993)- In contrast, in
trials in which speed was continuously varied, results
concerning hysteresis have been mixed (Diedrich & Warren,
1995)- Therefore, in order to clarify these findings, six
participants performed transition trials in which the time scale
of the change in the control parameter was varied- Specifically,
transition trials were performed in the following conditions: 1)
speed was continuously varied, 2) speed was changed in steps
of 10 s, and 3) speed was changed in steps of 20 s- These trials
were analyzed with respect to the direction of the transition,
thus resulting in a more complete evaluation of hysteresis-

Therapy, Inc.

Controversy surrounds the once-widely accepted theory that undue
exertion during exercise should be avoided because it may exacerbate
impaired motor performance in spastic hemiplegia. We hypothesized that
the motor performance measured during pedaling in hemiplegia is related to
the level of exertion associated with workload and speed. We examined
specific measures of motor performance during pedaling for a relatively
homogeneous population of hemiplegic stroke patients and compared these
with a group of age-matched, neurologically-normal individuals. We
measured pedal force output and EMG activity in seven muscles at
combinations of five workloads (0,40,80,120, and 160 Joules) and three
speeds (25.40, and 55 rpm). Results demonstrated that stroke patients
responded to increased workloads by increasing the force output of both the
plegic and nonplegic limbs without increasing ■ the amount of negative work
done by joint torques. This result is also accompanied by increased EMG
activity in the power generating muscles of both limbs. Interestingly,
subjects with poor motor recovery showed better motor performance at lower
speeds. We conclude that, during hemiplegic exercise, challenging
workloads can enhance motor output without impairing motor performance.
However, exercise at challenging movement speeds should be approached'

with caution.

819.7

819.8

WALKING AS INFLUENCED BY DIMENSIONAL CHANGES IN
ENVIRONMENTAL OBSTACLES. J. R. Higgins*. B. C. Bennett. J. W. Dovle.
S. Higgins. Department of Kinesiology, San Frandsco State University, San
Francisco, CA 94132
Increasingly, descriptions of the mechanisms of motor control are being cast
in a dynamical systems framework. From the dynamical systems perspective
walking can be considered an attractor state (a stable pattern) for locomotion.
Perturbations of a stable attractor can illuminate the principles and processes that
contribute to shifts and stabilises in movement pattern. Subjects walking a linear
path in their preferred rate and style, were perturbed by having to traverse an
obstacle of various dimensions placed in the path. We looked for phase shifts
in the temporal and kinematic organization of the movement and in the strategies
chosen to traverse the obstacle. The level platform was 20 cm high. The width
of the platform, the critical parameter for the designed task, varied from 1 cm to
75 cm, a range that at times either compels stepping over or stepping upon the
platform to traverse it, or that affords either strategy. The width of the platform
was varied in random order; increasing to decreasing order; and, decreasing to
increasing order. Analysis of the movement strategies and kinematics of the gait
in this motor task revealed the presence of hysteresis. That is, in regions where
the width of the platform affords the subject either stepping upon or over to
traverse it, the bncdvidjal's recent history determines which movement solution will
be chosen and how selected temporal and kinematic variables vary to support
these strategies. In addition, the kinematic analysis of the subjects' gait revealed
systematic adaptation to the direction of change in platform dimension. These
data support the existence of a region of bistability between two stable attractor
states in which the individual may opt for either state. The transformations and
shifts between the two stable attractor states in a hysteretic fashion, argues
strongly for context and experience as integrated in die control of movement.

ROLE OF BINOCULAR VISION IN OBSTACLE AVOIDANCE DURING
LOCOMOTION- A-E- Patla1*- M-A- Goodale2, S- Rietdyk1, A- Adkin1, CSilcher', & J-J- Marotta3 ‘Dept, of Kinesiology, Univ- of Waterloo, Waterloo,
Canada, 2Dept- of Psychology, Univ- of Western Ontario, London, Canada,
3Neuroscience Program, Univ- of Western Ontario, London, CanadaWe are interested in determining how binocular vision influences the
kinematics of obstacle avoidance during locomotion- Young healthy subjects
(n=7) were asked to estimate heights of obstacles verbally, and following that
subjects (n=6) were required to step over obstacles of three different heights
(Low-O.5cm, Medium-18cm, High-38cm) during locomotion under monocular
and binocular viewing conditions- Head and lower limb kinematics were
monitored using an OPTOTRAK system- Verbal estimation of obstacle height
was similar under two viewing conditions, although the variability in slope of
the regression line between the estimated and actual height was more variable
under monocular viewing- Choice of leading limb was affected by monocular
viewing but only for the high obstacle: when the right eye was patched subjects
preferred (approx- 2 to 1) to lead with the left limb and vice versa- Leading
limb toe clearance was affected by monocular viewing, but only for the high
obstacle (15-4 vs 12-7cm)- Trailing limb toe clearance was higher for the
monocular viewing condition for all three obstacle heights (H-13-6 vs 12-8cm;
M-14-3 vs 12-3cm; L-6-l vs 4-9cm)- Viewing strategies differed among
subjects- For 3 subjects relative head pitch angle (with respect to the trunk)
over the obstacle was affected by monocular viewing: they looked down more
for the high obstacle (20-6° vs 16-1°)- Maximum pitch angle occurred before
the obstacle in the monocular viewing condition and after the obstacle in the
binocular viewing condition- Supported by grants from NSERC Canada-
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CONTROL STRATEGIES FOR VISUALLY GUIDED STEPPING
M.A.Hollands and DJE.Marple-Horvat (SPON: Brain Research Association.)
Department of Physiology, University of Bristol, UK
Human subjects performing a task that requires visual guidance of each step onto
irregularly placed 'stepping stones' usually foveate the next target of footfall just
before they lift the foot to be repositioned ie towards the end of stance. When
asked to negotiate the same walkway without ambient lighting, and with each
stone's location indicated by a central light spot (LED), subjects' stepping and eye
movements are unchanged. Under conditions of intermittent visual denial, in
which all LEDs were temporarily extinguished at irregular intervals, a proportion
of steps are affected, but not all, suggesting that uninterrupted on-line visual
feedback is not crucially important, even when (as here) each step required visual
guidance. In an affected step, the effect is primarily on stance, rather than swing,
and is an increase in stance duration, suggesting an effect on planning during
stance of the next step (next swing towards the next target) rather than on
execution of the ongoing step (current swing). Under 400 and 500 ms denial, there
is no effect when the target disappears in the first 100ms of stance; this implies
that crucial planning does not take place until near the end of stance of the foot to
be repositioned. Accurate saccades, followed by accurate steps, to the next footfall
target are often made when it is invisible. This implies that saccade generation
might itself be useful even though it does not result in a foveal image ie the neural
processing preceding a saccade to a target is used in planning the next step. We
propose that a task such as this is executed under central nervous control operating
as a feedforward visuomotor control system that is robust during periods of visual
denial of up to 800ms. Analysis of eye movements recorded during this
experiment (currently underway) should further elucidate the underlying control
strategies used in this locomotor task.

CONTROL OF TIMING OF HEALTHY ADULT GAIT DURING
WALKING AT VARYING CADENCES. S. J. Lee*. Department of
Physical Therapy, National Yang-Ming Univ. Taipei, Taiwan, ROC.
Schmidt's invariant phasing theory of motor control (1976, 1985, 1988) is a
theory of strict central control of timing in which the proportional duration of the
kinematic events of a well-learned or an innate movement pattern is invariable
while the overall period of time to complete the movement pattern varies. This
study attempted to assess the applicability of Schmidt's invariant phasing theory in
mature human locomotor movements by determining if consistency exists in the
proportional duration of selected 2 hip, 4 knee and 4 ankle kinematic events in the
sagittal plane of healthy adult gait while walking at varying cadences. A
computerized videotape gait analysis system was employed. Sixteen repeated
stride cycles at preferred, fastest, and slowest cadences, respectively, for each of
18 healthy adults (Mean age=27+6 years, 9 males and 9 females) were analyzed.
The results of this study showed a high degree of consistency in the
proportional duration of selected kinematic events during the total stride cycle
within repeated trials of each of the walking conditions at preferred, fastest, and
slowest cadences. This finding indicates that the control of timing of healthy
adult gait within a specific walking cadence is essentially central. However,
significant differences (p < .05) were found in the proportional duration of all
selected kinematic events during the total stride cycle among different walking
conditions at preferred, fastest, and slowest cadences. This part of findings
indicates that the central control of timing of healthy adult gait is not strict at
varying cadences. The results of this study, taken as whole, is better interpreted in
light of the view of a task-related control mechanism of timing in mature human
locomotor movements. It also suggests a need to refine Schmidt's invariant
phasing theory.

819.11

819.12

SEGMENTAL COORDINATION DURING HOPS USING ONE OR
TWO FEET IN CHILDREN AND ADULTS. P.A. McKinley1* ,C.
Assaiante2, B. Amblard2. and L. Pelland1. McGill University, Sch. of
P.O.T., Montreal Quebec H3G 1Y5i & UPR Neurobiologie et
Mouvements, CNRS, Marseille France2
The main purpose of this study was to investigate the
development of segmental coordination during single hops using one foot
or two feet in children of two ages (5.5-6 and 7-7.5yrs) and adults
(n = 6/group). Kinematics of the legs, trunk and head, kinetics at takeoff
and landing, and EMG of the trunk, lower limb and neck were collected
using an integrated motion analysis system (ELITE, BTS). Results were
analyzed separately for 3 phases - takeoff, flight and landing - and
indicated the following: 1) for head/trunk control, the children differed

MODULATION OF RECIPROCAL INHIBITION DURING WALKING
AND VOLUNTARY MOVEMENT IN HUMANS. B. A. Lavoie*. H. Devanne
and C. Capaday. Centre de Recherche en Neurobiologie, Universite Laval, Quebec
(Qc) Canada, G1J 1Z4
These experiments were designed to evaluate task dependent control of
reciprocal inhibition during natural motor activities. We measured the effect of

from adults, but not from each other, while at the lower limb, the three
groups used different modes of advancing the body; 2) children use
significantly more trunk and head motion to advance the body during
bipedal hops than during unipedal hops and as compared to adults; 3)
head stabilization in space is phase dependent, while trunk stabilization
is phase independent in all subjects. It is suggested that poor timing of,
and lack of adequate propulsion during the takeoff phase in children may
be responsible for the observed differences. Similarities in head/trunk
stabilization in space suggest that the trunk may contribute a stable
reference frame from which balance control is organized. Supported in part
by NSERC & FRSQ

tibialis anterior (TA) activation on the amplitude of the soleus (SOL) H-reflex
during the swing phase of walking (SW), one leg stepping (OLS), phasic TA
contraction (PC) and tonic TA contraction (TC). Linear regressions of the mean
TA rectified EMG vs. SOL H-reflex amplitude were compared to determine
whether slopes or y-intercepts (y-int.) differed significantly between these tasks.
During PC and TC, the H-reflex amplitude stayed well above zero at all TA EMG
levels. During SW and OLS the amplitude of the SOL H-reflex was reduced to, or
near, zero during ankle dorsiflexion at all TA EMG levels. When we compared
SW and PC, we found that the slopes were not significantly different but the y-int.
were significantly higher for PC. When we compared SW and TC the y-int. were
always significantly greater for TC. Capaday et al. [J. Neurophysiol. 64; 607-616,
1990] showed that there was no difference in the amount of reciprocal inhibition
acting on the active SOL between voluntary tonic activity and the stance phase of
walking. In complement to that study, the present results suggest a strong task
dependent modulation of reciprocal inhibition onto the inactive SOL (i.e. when it
acts as an antagonist). In summary, there was a difference between SW and PC or
TC, but not between SW and OLS. The strong reciprocal inhibition occurring in a
task in which the SOL is stretched (SW, OLS, PC) could be due to increased
presynaptic inhibition of Ia-afferents onto SOL a-motoneurons, or increased
hyperpolarization of SOL a-motoneurons. As for the lack of difference between
SW and OLS, this could be due to a fine tuning of reciprocal inhibition in order to
ensure clearing of the foot off the ground.

819.13

819.14

H REFLEX MODULATION IN TIBIALIS ANTERIOR DURING
PASSIVE PEDALLING. J.D. Brooke, W.E. McIlroy', M. Miklic.
W.R. Staines and J.E. Misiaszek. Department of Human Biology
and Nutritional Sciences, University of Guelph, Ontario, Canada
N1G 2W1
Soleus H reflex gain is strongly modulated, leading to marked
attenuation, consequent to passive movement of the human leg.
We addressed the lack of information about any other H reflex of
the leg with such movement, hypothesizing that attenuation aiso
occurs for tibialis anterior (TA), in antiphase to the firing pattern
this muscle shows during active pedalling. With eight subjects,
thirty TA H reflexes were collected at four equispaced phase
positions with two passive movement velocities (20 and 60 rpm
of the pedal crank). M waves indicated stimulus stability. TA
was tonically contracted throughout the cycle, at 5- 15% of the
EMG for a maximum voluntary contraction. No significant
movement-induced attenuation, or phase modulation of the reflex,
occurred for either velocity. Mean maximum depression was 19%
of controls, at full extension (p> .O5). This lack of modulation for
the TA H reflex contrasts with typical reductions of up to 80% of
control for soleus. Such marked contrasts in sensorimotor gain
control between the la autogenic pathways for muscles of the
human leg may indicate functional differences in the spinal
reflexes they serve. Supported by NSERC (CANADA).

H REFLEX MODULATION DURING REVERSE PASSIVE
PEDALLING. S.P.Dukelow. J.D.Brooke*. K.B. Adamo. J.Chenq.
W.R. Staines and J.E. Misiaszek. Department of Human Biology
and Nutritional Sciences, University of Guelph, Ontario, Canada
N1G 2W1
The gain of the soleus H reflex attenuates to the rate of passive
movement of the human leg. The attenuation is maximal at the
end of leg flexion. In this- phase, maximum flexion of the hip and
knee occur at different positions. We asked, 'Will the gain
changes still occur when the direction of movement is reversed,
so as to reverse those positions?' In four subjects, reverse
passive pedalling movements of the legs were studied at two
velocities, 10 and 30 rpm. Ten H reflexes per subject were
elicited from TN stimulation in the popliteal fossa, at eight
equispaced positions around the cycle. M waves were used as
indicators of stimulation stability. For each subject, greatest
reflex attenuation occurred in the flexion phase (p<.01), but
unlike forward movement, it peaked before full flexion of the
knee. Movement velocity continued to determine the degree of
inhibition (p < .05). The reverse versus forward difference in the
position of the peak inhibition likely reflects differences in
conditioning receptor discharge from hip and knee extensor
muscles, due to differing kinematic profiles for the two
movements. Supported by NSERC (CANADA).
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MOVEMENT KINEMATICS MODULATE SOMATOSENSORY
EVOKED POTENTIAL (SEP) AMPLITUDE. W.R. Staines*, J.D.
Brooke and J.E. Misiaszek. Human Neurophys. Lab, Human Biology
Dept., University of Guelph, Guelph, ON, Canada, NIG 2W1.
Gating of SEPs becomes more pronounced with increased movement
velocity. Also, the gain of the soleus H reflex correlates with the rate of
tissue stretch around the knee during passive cycling. We hypothesized
that SEP gain would be similarly dependent on the rate of stretch of the
knee extensors. SEPs from Cz’ and Cz, referenced to Fpz’, along with
soleus H reflexes were elicited by electrical stimulation of the tibial
nerve at the popliteal fossa in 6 subjects. Combinations of rates and
ranges of cyclical passive movement of the right leg were used to
obtain two sets of three conditions with equivalent estimated rates of
stretch of the knee extensors (4 and 16 mm/s). SEPs sampled during
passive movement leading to the greater estimated rate of stretch were
significantly depressed compared to those sampled during the lower
rate of stretch and the stationary controls (p<0.05). The maximum
attenuation across all conditions was 40% of the stationary controls.
There was also a significant rate effect (p<0.05) between the
conditions with equivalent rates of stretch. Thus, it appears that, at
least for mild attenuation, the controls for SEP gain read both
movement range and rate, and not simply the rate of extensor muscle
stretch. Supported by NSERC (Canada).

EXPERIMENTAL REMODELLING OF LOCOMOTOR PATHWAY CONTROL.
K Weber. WAF Fletcher. C Gordon. G Melvill Jones*. E Block. University of
Calgary, Dept. of Clinical Neurosciences, Calgary, Alberta, Canada, T2N 4N1
In a previous study we described an experimental paradigm which adaptively
remodelled non-visual control of curvature in the trajectory of forward locomotion
in such a way that when trying to walk straight ahead, blindfolded subjects invariably
described strongly curved pathways (Gordon et al 1995, EBR 102). In the present
study we chose "stepping-in-place" rather than forward locomotion as a means of
measuring long-term post-adaptive effects. Six normal subjects participated in 7 trials
each, during which they "stepped-in-place" (ie. without turning relative to space) on
the center of a horizontal disc which was turning at rates ranging from 11.25 - 90
deg/sec and for durations ranging from 7.5 - 60 min. Following this adaptation
procedure, blindfolded subjects attempted "stepping-in-place" on the stationary floor.
Results: Post-adaptation all subjects turned relative to space without any perception
of rotation, the direction of turn being the same as that of stepping relative to the
turning disc. The initial response (up to 20 deg/sec) was linearly related to the
velocity of the turning disc (slope=0.41, r=0.79) up to 45 deg/sec after which the
response plateaued. The initial response was independent of stimulus duration over
the range tested. Two additional response characteristics were: 1) an early (first min)
depression (likely due to vestibular stimulation), and 2) a subsequent response decline
best fitted by a double exponential curve of short and long time constants on the
order of minutes and hours respectively. Presumably this novel, adaptive system
normally serves to maintain proper calibrations in the non-visual, ground-based
control of locomotor trajectory curvature during forward locomotion.
Supported by the T. Rozsa Foundation, MRC-MT.5630, Alberta Heritage
Foundation for Medical Research.

819.17

819.18

A SEX DIFFERENCE IN HUMAN TURNING BIAS. L.A. Mead* and E.

SAGITTAL PLANE HEAD STABILIZATION DURING
LOCOMOTION. R.L. Cromwell*. Dept. of Physical Therapy, Temple
University, Philadelphia, PA 19140.
The anatomic architecture of the head and neck is one of instability.
However, head stability is essential for maintaining gaze during daily
activities such as locomotion. In the horizontal plane during
locomotion, subjects successfully maintained head stability (Cromwell,
Soc. Neurosci. Abstr., 1994). This was accomplished by head with
respect to trunk gains < 1 and relative phases < 180° at frequencies near
1 Hz. At higher frequencies, gains were now 1 and relative phases
were 180° indicating a greater challenge to head stability at these
frequencies. A somewhat different picture has emerged in the sagittal
plane. Ten subjects walked at their natural cadence while angular
velocities of the head and trunk were measured in the sagittal plane.
Preliminary results of four subjects showed average peak head velocities
of 60.4 °/s toward flexion and 42.1 °/s toward extension. Frequency
analyses demonstrated a frequency range of .24 to 8.3 Hz related to this
motion. Subjects showed head with respect to trunk gains near 1 and
relative phase values of 180° at all frequencies with few exceptions.
These frequency and velocity characterstics indicate that the challenge to
head stability in the sagittal plane is greater than that of the horizontal
plane. Therefore,' even at low frequencies in the sagittal plane, head
motion perfectly compensates trunk motion in order that head stability is
maintained. In the sagittal plane, gravity exerts a greater effect as the
head increasingly deviates from vertical. The larger average peak
velocity in the flexion direction is an indication of the gravitational effect
on head motion in this plane. Supported by grant DCO1125.

Hampson. Dept. of Psychology, University of Western Ontario, London,
Ontario, Canada N6A 5C2.
Extensive research with rodents has clearly established the existence
of individual differences in the preferred direction of spontaneous and
induced rotation.
Sex differences also exist, in that female rats
demonstrate stronger rotational biases than males. In an attempt to
generalize these findings to humans, the "human rotometer" has been
developed which is capable of measuring spontaneous rotational
movement in humans (Bracha et al., 1987). We report here a new
method for measuring turning bias in humans which is fast, reliable, and
performed under controlled laboratory conditions. Four tapedecks were
arranged on tables surrounding an open square area, 3 m across. Every
5 s, one of the tapedecks emitted a 1 s tone, to which subjects
responded by approaching the tapedeck and checking a response sheet.
Half of the 160 trials were "critical trials" in which the tone was heard
from directly behind the subject. The experimenter recorded the direction
the subject turned on each trial. Sixty-one right-handed, medication-free
subjects (35 males, 26 females) were tested, using this paradigm. On
average, both males and females demonstrated rightward turning biases
on the critical trials, however the tendency to turn to the right was
significantly stronger for females. Among 43 subjects who returned for
a second session, we found a significant correlation of .77 between the
turning biases measured at the two sessions. These findings support the
existence of a sex difference in turning bias in humans, and suggest that
the rotation task described here is a reliable and valid method of
measuring this bias.

COGNITION XIII

820.1

820.2

GLUCOSE ENHANCEMENT OF COGNITIVE PERFORMANCE IN COLLEGE
STUDENTS. D.L. Korol*, F.J. Lexcen. M.B. Parent, M.E. Raqozzino, C.A.
Manning and P.E. Gold. Univ. Virginia, Charlottesville, VA 22903.
In healthy elderly subjects, Alzheimer's patients and other patient
populations, glucose ingestion enhances performance on several tests of
memory. Similar findings in young adults, however, have not been
evident. Perhaps the tests used to demonstrate facilitation of memory in
aged and other populations have lacked the sensitivity or difficulty needed
to observe glucose enhancement in young subjects. In the present study,
we addressed whether glucose facilitates memory and attention in young
adults on more difficult tests. A counterbalanced, crossover design was

ODOR IDENTIFICATION IN HUMANS BEFORE AND AFTER
RESECTION FROM A TEMPORAL LOBE. M. Jones-Gotman*
& R.J. Zatorre. Montreal Neurological Institute and McGill
University, Montreal, Quebec, Canada, H3A 2B4.
Mild deficits in odor identification are observed after
temporal-lobe resections in patients tested birhinally (JonesGotman & Zatorre, Neuropsychologia 26, 387-400, 1988)
and monorhinally (Jones-Gotman et al, Epilepsia 33, 135,
1992) using the University of Pennsylvania Smell
Identification Test (UPSIT). In this study, we investigated the
contribution of possible pre-existing deficits to performance
on the UPSIT in 45 epileptic patients tested monorhinally
before and after excision from the left or right temporal lobe.
Results showed impairments in both groups before surgery
without significant difference between the nostrils, and an
overall decline in the left-resection group after surgery. The
right-resection group, although still impaired postoperatively,
showed a slight gain rather than a loss after surgery.
The postsurgical loss in left-resection patients underlines
the strong verbal component in this olfactory task. The preoperative deficits in both groups show that an epileptic focus
in either temporal lobe is sufficient to disrupt normal odor
identification.
Funded by MRC MT-10314 to MJ-G and RZ.

used, with each subject tested on 2 occasions: after glucose (50 g) and
after saccharin ingestion. A series of cognitive tests was administered to
assess memory for narrative prose and delayed recognition of faces and
words (Squire and Zouzounis, 1993), working • memory' fpr words
(Salthouse, 1992) and attention (Minnesota clerical number checking test).

Significant enhancement of performance by glucose was found on both
immediate and delayed recall of the narrative prose passage. Scores on
narrative prose and attention tests were positively correlated with peak
change in blood glucose after glucose consumption. Facilitation was also
seen on completed correct items in the attention test, but only when
blood glucose rose to levels greater than 60 mg/dl above baseline. These
data suggest that glucose enhances cognitive performance in young
subjects when both task load and blood glucose levels are sufficiently
increased.
In addition, under some conditions, glucose enhances
performance on tests that emphasize attention as well as memory.
Supported by ONR (N0001489-J-1216L NINDS (NS32914) and NIA
(AG07648).
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820.3
THE DEVELOPMENT OF FACE DISCRIMINATION CONTINUES
INTO ADULTHOOD: AN ERP STUDY. T.D. Alvarez* and H. J. Neville.
UCSD Depts. of Neuroscience and Cognitive Science, La Jolla, Ca 92093.
Clinical, behavioral and electrophysiological studies have led to the proposal
that, in adults, specialized mechanisms within the right hemisphere are
preferentially involved in the discrimination of faces. Moreover, several studies
suggest that adults use these specialized systems in the discrimination of upright
but not inverted faces. Comparatively little is known about the developmental tune
course of the neural and cognitive substrates underlying face discrimination. While
some studies suggest that a specialized mechanism for face processing exists even
in newborns, behavioral studies have shown that children may not use the same
mechanisms as adults in face discrimination tasks. For example, it has been
reported that children do not show better performance for upright than for inverted
faces, or the left visual field advantage for upright faces seen in adults. These
studies have suggested that this adult pattern emerges relatively late in
development, sometime in early adolescence.
The present study used behavioral and electrophysiological techniques to
examine the development of face discrimination from the age of 9 to adulthood.
Event related potentials (ERPs) were recorded from 9,13.16 year old, and adult
subjects performing a face matching task.
Behavioral findings showed that performance on the task improved with age, and
was better for upright than for inverted faces in all age groups. ERP data provided
clear evidence af major developmental changes in the processes underlying face
discrimination over the age range studied. As in adults, ERPs recorded from
children displayed a negativity around 250-450 ms to the second member of a pair
of faces. This negativity was greater for mismatched than for matched faces.
However, the ERPs of the child groups did not display the hemispheric asymmetry
or the difference between upright and inverted faces that was observed in adults.
These results suggest that die adult pattern of face discrimination develops
gradually, and appears at a much later age than previously believed (> 16 years).

THURSDAY AM

820.4

LATERAL AUDITORY INPUT ALTERS VISUAL PERCEPTION:
CROSS-MODAL HEMISPHERE ACTIVATION. Roger A.
Drake*, Lisa R. Myers, and Boris A. Marshinin.
Dept, of Psychology, Western , State College,
Gunnison, Colorado 81231, USA and Institute of
Psychology, Russian Academy of Sciences,
Yaroslavskaia str. 13, Moscow, Russia.
Visual perception was measured by line
bisecting. Dividing a horizontal line to one
side of the true center indicates a greater
relative activation of the contralateral cerebral
hemisphere. This perceptual error results from
the more-active hemisphere overestimating the
length of the line segment in the opposite visual
field. Subjects heard audiotaped oral messages
about which line to bisect next, in only one ear
via full-coverage stereophonic headphones.
The Net measure produced means of -.92 for
left-ear input and +.57 for right-ear input,
F( 1,26) = 4.30 , p<.05. The Index measure showed
means of -30.77 and +18.00, F(l, 17) = 1.41, £<.03.
These results show the power of induced
lateral orientation of attention to selectively
activate one cerebral hemisphere• relative to the
other, as previously measured by rCBF (Malamed &
Larsen, 1977), cognitive processing (Drake, 1990)
EEG (De Toffol et al., 1992), and evoked
potentials (Tressoldi & Cusumano, 1992).

820.5

820.6

PERCEPTION OF COMPOUND VISUAL STIMULI AND
HEMISPHERIC
SPECIALIZATION IN
HUMANS
AND
BABOONS. J. Fagot. J. Requin* & C. Deruelle. CNRS, Lab. of
Cognitive Neurosciences, Marseille, France.
A matching-to-sample task was used to assess the ability of
baboons (n=8) and humans (n=l4) to process the global and local
information of compound visual stimuli. During the test, a
compound sample stimulus, such as a large square made of smaller
circles, was displayed for 120 ms in the left (LVF) or right (RVF)
visual half-field. Sample presentation was followed by the display of
two comparison forms, one matching the sample at either the global
or local level, the other being neutral. By manipulating a joystick,
the subjects had then to select the comparison form matching the
sample. The two species exhibited a LVF (right hemisphere)
advantage for global matching, and a reversed but unsignificant RVF
(left hemisphere) advantage for local matching. In humans, scores
were better and speed faster, when matching had to be made at the
global level. In contrast, baboons showed a significant score and
speed advantage for local matching. This species difference was
replicated in 2 additional experiments, in which effects of stimulus
element sparsity and subject familiarization with the forms were
assessed. Overall, results suggest (1) that global dominance is not
mandatory in nonhuman species, and (2) that this effect in humans
has some strong cognitive, rather than purely perceptual (peripheral)
bases.

CONSTRUCTION OF THE SPATIAL COGNITIVE MAP DOES NOT
REQUIRE ACTIVE EXPLORATION OF THE ENVIRONMENT. D.B
Matthews*. A.M. White. E.D. Brush & P.J. Best. Center for Neuroscience
Research and Dept, of Psychology, Miami University, Oxford OH
45056.
When navigating, rats use distal, spatial cues to construct a
spatial cognitive map (O’Keefe & Nadel, 1978). This map
facilitates navigation and is apparently constructed even if the
animal has never physically navigated through the entire
environment.
Recently, this idea has been challenged by
Sutherland et al. (1987) who report that rats trained in the
Morris Water maze with barriers restricting their exploration
were not able to escape from a novel start location that was
located within the restricted region.
However, their study
included severe alterations in the environment on the test day
that may have impaired performance merely by a stimulus
generalization decrement. The current study shows that when the

820.7
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820.8
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tasks ? L. Casini. F. Macar and O. Pascalis*. Lab. de Neurosciences
cognitives, CNRS, 13420 Marseille cedex 20, France.
Attentional models of time perception assume that temporal judgments are
based on mechamsms that depend on attentional resources. In order to better
understand these mechanisms, slow brain potentials were recorded during
different temporal tasks. The relative level of activity asssociated with correct
responses was compared to that obtained with incorrect responses to study the
relation between performance and brain activity. Slow brain potentials were
recorded over 16 electrodes placed over the prefrontal areas.
In the first experiment subjects were tested on a temporal reproduction task:
Four As appeared on a video screen for 3 or 4 sec and were then replaced by
four Bs. Subjects had to press a button when they thought that the Bs had
remained on the screen as long as the As. The B periods were grouped into
different categories depending on their duration and three categories were
compared: Accurate responses centered on the target, short responses
(underestimation of 1 sec) and long responses (overestimation of 1 sec). In the

temporal

second experiment, four As were presented on a video screen either with a short
(2.5 sec) or a long (3.5) duration and subjects had to decide if the presented
duration was the short or the long one. Correct and incorrect responses were
compared.
In both experiments, correct responses were correlated with a significantly
lower level of activity suggesting that efficient temporal processing is related to
reduced prefrontal activation. This relation between the subject’s performance
and the level of brain activity suggests that the errors correspond to increased
“cortival noise”.

Society

rats are trained in the water maze with barriers are that are
faded after the animal learns the task, escape performance is not
impaired when the rats are started from a novel start location.
However, when the barriers were not faded during training and
were removed during testing (a method similar to Sutherland’s),
the animals performance was impaired. Hence, the spatial
cognitive map can be used to support spatial navigation
regardless of the level of exploration.
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NEURAL SYSTEMS IN TEMPORAL INFORMATION
PROCESSING: THE BASAL GANGUA AND THE CEREBRAL
HEMISPHERES D.L. Harrington. K.Y. Haaland. and W.D. Stofer*

Veterans Affairs Medical Center and University of New Mexico,
Albuquerque, NM 87108

Controversy exists about whether timing is localized (i.e.,
cerebellum) or is a distributed process regulated by many neural
systems. The present study examined the role of the cerebral
hemispheres and the basal ganglia in timing, as these neural
structures have been linked to timing functions. Twenty righthemisphere (RH) and 20 left-hemisphere (LH) stroke subjects, 30
subjects with Parkinson's disease (PD), and 43 control subjects were
studied using procedures of Keele ana colleagues (1985; 1989) for
isolating timing operations. Subjects completed two motor timing
tasks (i.e., a constant 300 or 600 ms intertap interval [ITI]), two
perceptual timing tasks (i.e., a 300 and 600 ms SOA between tone
pairs), and an auditory processing control task (i.e., frequency
perception). The total variability in motor timing was partitioned into
clock and motor implementation sources of vanance using the
methods of Wing and Kristofferson (1973). The PD group was
impaired in the clock, but not the motor source of variance in the
motor timing task, regardless of the ITI. Only the clock component of
motor timing was impaired in the stroke groups, but a hemispheric
asymmetry was found such that the RH group showed the greatest
dock variability at the 600 ITI and the LH group showed the greatest
dock variability at the 300 ITI. Perceptual timing was impaired in all
patient groups. Only the two stroke groups were impaired on the
frequency perception control task. The results implicate the basal
ganglia and/or the thalamocortical drcuits in timing. In ■ addition, the
findings are consistent with models that propose hemispheric biases
for processing frequency information, and this asymmetry is further
explored in analyses of intrahemispheric lesion location.
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A PREDICTIVE MODEL FOR DIFFUSE SYSTEMS MATCHES HUMAN CHOICES IN A SIMPLE DECISION-MAKING TASK.D.M.
Egelman, C. Person, P.R. Montague*. Division of Neuroscience, Baylor
College of Medicine, Houston, TX 77030.
Recent physiological work in alert primates suggests that firing rate
changes in a subset of mesencephalic dopamine neurons carries information about expectations of future rewarding events. These neurons also
have access to the precise time at which a reward will be delivered. We
have previously proposed that the output of these neurons represents
ongoing errors between the expected amount of reward and amount delivered, shown how such errors could be constructed in a real brain, and
related the resulting algorithm to methods of optimal control (Quartz et
al., Soc. Neuro. Ab. 18:1210 (1992)). We have now used the model to
bias action choice through control of noise sensitivity of target neurons.
Both humans (n=9) and networks were given a simple two deck card
choice task where the amount of reward from both decks was not stationary and depended on the history of choices from the decks. The networks
converged quickly so as to match the relative rate of return from the two
decks. The majority of humans (n=7) settled into the same ’matching’
strategy while a minority performed near the optimum (n=2). Our proposed model provides one possible bottom-up description of how diffuse
systems could establish constraints that favor event matching while not
excluding other more complicated reward-seeking strategies. This may
explain why it is difficult for animals, however rational they may be, to
maximize long-term rewards and why under appropriate circumstances
they display risk averse behavior.

A THEORY OF PERCEPT PROCESSING L.D. Partridge* L.D. Partridge Dept
of Biomed. Eng. Univ. of Memphis, Memphis TN 38152 and Dept. of Physiol.
Univ.of New Mexico, Albuquerque NM 87131
Any cognitive theory that attempts to explain sensory percepts must deal with the
integration of information across sensory modalities. The ability to parse the sensory
world into discrete identifiable objects is a very individual process that relies on both
genetic predisposition and neuronal plasticity. As such it forms the basis for the
individual’s unique cognitive interaction with the world.
A useful description of processing of sensory information utilizes the concept of
specific percept attractors. The set of all inputs that can activate a given attractor
constitutes the basin of that attractor. Adjacent basins are separated at sepatrixes. A
percept attractor is a characteristic and multidimensional neuronal path that can be
loosely linked to other percept attractors in either a mutually inhibitory or nested
manner. It is proposed that there is a range of attractors, from those that can be fully
activated by an input of a single dimension in one sensory modality, to those that are
activated by varying inputs from multiple dimensions over several sensory modalities.
Individual inputs to these attractors can merely bias neurons toward a state in which
an activity trajectory is sustained transiently.
We present here a theory of orders of progressively more complex sensory basins
approximately representing the drive of fixed action patterns and of simple reflexes,
and simple perceptions and an integrated perceptual space. The from-bottom-up meta
control of sepatrix fields in the integrated perceptual space may in turn be the basis
for primary consciousness.

820.11
SOLVING THE PUZZLES OF HUMAN PERCEPTION.
Y. Shapiro*. TBD. Cambridge, MA 02138.
The puzzles of perception that emerge from the
computational models, which are based on
Helmholtz's theory of perception, include: How
must the brain compute 20 retinal images into 3D
representations? Given the foveal blind spot, how
must the brain compute so that we see the objects
without the hole/s corresponding to the blind
spot? Given the blood vessels in the retina, how
must the brain compute so that we see the objects
whose surfaces are not laced with the lines
corresponding to the vessels? While more puzzles
are certainly in the coming from the students of
computer vision, the puzzle of puzzles - "fusion"
has smother problem yet. Purves & White (1994)
tested the hypothesis of and present experimental
evidence for monocular habit in normal distance
viewing.
Their finding is well explained by the
well known fact: most neurons of primary visual
cortex have preferential response to the
stimulation of one eye or the other, but it
contradicts the explanation of perception as
"fusion". As Purves & White (1994) point out, the
explanation is suspect anyway: it cannot explain
either "double vision" or ocular rivalry, and it
is at odds with the preferential response.
"Fusion" or "the inner eye" is invoked to explain
the unity of perception which begins in two
retinal images of the brain that must compute
retinal images. And to compute the brain must
store, as it must in the new biological models of
Calvin (1990) and Edelman (1989, 1992), according
to which retinal images are superfluous. The
assumption that neurons compute and store requires
two classes of neurons for which we have no
morphological, chemical, or other evidence. LTP
provides no convincing evidence for LTM (Shapiro,
1994). To solve all the puzzles, a new theory of
perception is badly needed and will be presented.

MONOAMINES AND BEHAVIOR:

DOPAMINE II

821.1

821.2

6-0HDA LESIONS OF MEDIAL PREFRONTAL CORTEX POTENTIATE
STRESS-INDUCED ANALGESIA IN THE RAT. C.A. Sorenson* and
J.L. Bloom. Neuroscience Program, Amherst College,
Amherst, MA 01002.
Previous research has shown that 6-0HDA lesions of
medial prefrontal cortex (MPFC) produces hyperdopaminergia
in the mesolimbic DA system characterized by elevated D2
receptor density, an increase in the stress-related
release of DA, and an increase in behaviors linked to
mesolimbic activity. Evidence also suggests a role for
mesolimbic DA neurons in the production of analgesia. This
study was undertaken to test whether animals receiving
MPFC injections of 6-0HDA would show potentiation of
stress-induced analgesia, as measured by an increase in
tail flick latency (TFL) scores to mild stressors (.2 ma
footshock or 60 sec. of an audiotape of rat pain-induced
vocalization). Twenty-four male Sprague-Dawley rats
received bilateral MPFC injections of either 6-0HDA or the
ascorbate vehicle. 6-0HDA animals displayed a significantly greater increase in TFL scores following exposure to
either stressor than did controls. In addition, the locomotor response to amphetamine was significantly greater in
6-0HDA animals, and there was a highly reliable correlation
between locomotor activity score and the increase in TFL
produced by vocalization. These findings suggest that mesolimbic DA neurons may modulate aspects of the stress
response, such as analgesia, and therefore implicate these
neurons in the control of emotional reactivity.

CHRONIC IN VIVO MONITORING OF EXTRACELLULAR DOPAMINE
USING ELECTROCHEMISTRY. G. C. Parker* and P. B. S. Clarke.
Pharmacology & Therapeutics, McGill Univ., Montreal, PQ, Canada H3G 1Y6.
We have developed a technique to monitor the changes in interstitial
dopamine (DA) with a high temporal frequency in a preparation that provides
consistent measurements over months rather than days. Nafion-coated carbon
paste ’working’ electrodes were tested after chronic implantation in the rat
nucleus accumbens. In a typical session, voltammetry is used to characterise
the voltage-current relationship for that implant and determine the parameters
to be used in chronoamperometry. By comparing the voltammogram to the
measured current at various potentials using chronoamperometry, we have
demonstrated that at the sweep speed used, the voltammogram correctly
describes the optimal potential to use in the chronoamperometric experiments.
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A session can last several hours with a stable baseline, sampling as often as
every 3 sec on the device we use (GMA Echempro). Electrochemical selectivity
was tested as follows. The monoamine oxidase inhibitor pargyline (100 mg/kg
IP) increased the signal, whereas the Dl/D2 agonist pergolide (0.6 mg/kg IP)
decreased it. Uncoated electrodes monitored opposite changes from a higher
baseline. The 5-HT uptake inhibitor fluoxetine (10 mg/kg IP) did not alter the
signal at Nafion-coated electrodes. By reference to literature microdialysis
reports, our results are consistent with the Nafion-coated electrodes measuring
DA with minimal interference from DOPAC, ascorbate, 5-HT or 5-HIAA at the
parameters used. Using a modification of a reference electrode design (Kruk et
al., Soc Neurosci Abstr 19: 384.14) our preparation is still stable and selective
more than two months after surgery. This technique provides a valuable tool
for behavioural and pharmacological analyses requiring a chronic preparation,
sampling with a temporal resolution higher than is commonly available using
microdialysis.
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HETEROGENEITY OF PRESUMED DOPAMINE NEURONS IN THE
VENTRAL TEGMENTAL AREA IN AWAKE, UNRESTRAINED RATS.
E. A. Kiyatkin* and G. V. Rebec. Prog, in Neural Science, Dept. Psychology,
Indiana University, Bloomington, IN 47405.
Mesocorticolimbic dopamine (DA) neurons play a pivotal role in the regulation of
behavioral processes. Although much is known about these cells in anesthetized and
in vitro preparations, information on the mechanisms regulating their activity under
natural conditions is very limited. To assess this issue, single-unit recording
combined with microiontophoresis was used in awake, unrestrained rats to study the
electrophysiological properties of neurons in the ventral tegmental area (VTA) and
their responses to DA and glutamate (Glu). In contrast to the traditional
differentiation of VTA units into two groups -- DA and non-DA cells (long vs. short
spike and low vs. high rate of activity) - we found substantial diversity in both
spontaneous impulse activity and responsivity to the applied compounds. Although
an analysis of our data revealed at least five types of VTA neurons, two of these
appeared to be DA-containing. Type I cells, localized in lateral and deep areas of the
VTA, had relatively long bi- or triphasic spikes, low rate of nonbursting spontaneous
activity with minimal changes after presentation of simple activating stimuli and/or
during movement. These cells were highly sensitive to DA, but the threshold for the
Glu response was high, and the magnitude of Glu-induced activation was small with
profound rebound inhibition. Type II cells, localized throughout the dorso-medial
areas of VTA, had a triphasic spike of shorter duration and discharged with a bursting
pattern at a highly variable rate. These cells typically show powerful activation
characterized by bursting, decreasing spike magnitude and, on occasion, episodes of
depolarization inactivation, after stimuli presentation and during spontaneous motor
behavior. Type II cells were highly sensitive to Glu-induced activation and
consequent depolarization block, but the threshold for the DA-induced inhibition was
much higher than in Type I cells. Although the reasons and mechanisms underlying
this heterogeneity are unknown, VTA DA cells of both types appear to be governed
by strict self-regulatory mechanisms minimizing their response to direct afferent
stimulation. Supported by NIDA (DA 02451).

EFFECTS OF HALOPERIDOL AND SCH 23390 ON JUVENILE RAT SOCIAL
BEHAVIOR: IMPLICATIONS FOR THE ROLE OF DOPAMINE. S. L BucherYiannoutsos*. S. Kilroy. L. Lassow. & J. D. Salamone Department of
Psychology, University of Connecticut, Storrs, CT., 06269-1020
The effects of various doses of haloperidol (HP; 0.025 mg/kg, 0.05
mg/kg, 0.1 mg/kg, 0.2 mg/kg, vehicle) and SCH 23390 (SCH; same
doses) on juvenile rat social behavior were assessed.
In two
experiments, the effects of systemic drug administration on roughand-tumble play (RT play) vs. non-playful social (NP social) activity
were investigated via a modified paired-encounters paradigm. Two
hundred dyads (n = 100 dyads per experiment) were tested according
to dose of HP or SCH administered, and whether one or both members of
the pair (1MEM or 2MEM) received an injection.
Subjects were
observed for 15 rather than 5 minutes, and the frequency of NP social
activities (e.g., sniffing) was evaluated.
Results indicate that the
modified paradigm is useful in characterizing the complex nature of
juvenile social behavior, as well as delineating the behavioral effects of
pharmacological compounds. Haloperidol selectively affected RT play
for the 2MEM sample in a dose-dependent fashion, with the 0.05 mg/kg
dose resulting in excitation, and the 0.2 mg/kg dose inducing significant
behavioral suppression. By contrast, HP did not significantly affect
either the 1MEM sample or NP social activity at any dose administered.
SCH also induced a dose-dependent decrease in RT play, and had no
effect on NP social activity. Unlike HP, lower doses of SCH did not
result in higher levels of playful behavior. Taken together, these
results indicate that brain dopamine may be critical for the execution
of RT play, but appears to be less critical for the expression of NP
social behavior.

821.5

821.6

SOCIAL REACTIVITY IN INBRED MOUSE STRAINS: MEDIATION OF
FEAR BEHAVIOR BY D, AND D2 DOPAMINE RECEPTORS
P.L. Gendreau1, J.M. Petitto2. J.-L. Gariepyl. and M ,H. Lewis2*. 1 Department

ELECTROPHYSIOLOGICAL AND PHARMACOLOGICAL CHARACTERIZATION
OF SINGLE NEURONS IN THE VENTRAL TEGMENTAL AREA OF THE RAT.
Kosobud. A.E.K.1', and Chapin. J.K2 1Prog. Neural Sci., Dept. Psych., Indiana
Univ., Bloomington, IN 47405, USA; 2Dept. Anat. and Neurobiol., Med. Coll, of
Penn./Hahnemann Univ., Philadelphia, PA, 19102, USA.
The ventral tegmental area (VTA) is a central element in a neural system that
mediates the reinforcing properties of natural stimuli (such as food), brain
stimulation and drugs of abuse. While VTA dopaminergic neurons appear to be of
particular importance, the VTA also contains interneurons and non-dopaminergic
projecting neurons whose role in VTA function and influence on dopamine release
are relatively unknown. Using multiple chronically implanted microwire electrodes,
it is possible to record from many VTA neurons simultaneously. In preparation for
studies of the functional interaction of VTA neurons, we have been developing
criteria for identification and subgrouping of recorded neurons. In the present
studies, bundles of 4-8 microwire electrodes were chronically implanted in the VTA
of male Wistar rats. Following recovery from surgery, recordings were obtained in
awake and anesthetized rats during administration of drugs including apomorphine
(a mixed D1/D2 agonist), morphine or alfentanyl (p opiate agonists), and
midazolam or diazepam (GABAa agonists). Signals reflecting the activity of single
neurons were identified by uniformity of waveform, and decreasing probability of
unit firing observed around the node of the autocorrelation histogram. Neurons
broadly classifiable as dopaminergic (long duration, irregularly shaped waveforms,
relatively slow firing rates, inhibited by apomorphine, excited by p opiate and
GABA agonists) and non-dopaminergic (short duration, biphasic action potentials,
excited by apomorphine, inhibited by p opiate and GABAa agonists). Furthermore,
the heterogeneity observed within these two broad categories suggests that it may
be possible to further subdivide these neurons, for instance into non-DA
interneurons and projecting neurons, and also into subtypes of DA neurons.
Supported by NIDA DA 08349 and Hahnemann University RIG-990414.

of Psychology, University of North Carolina, Chapel Hill, NC, 27599,
2Department of Psychiatry, University of Florida, Gainesville, FL, 32610.
In previous experiments we observed that dihydrexidine (DHX), a full efficacy
dopamine agonist with a 10 fold selectivity for Di vs. D2 sites, markedly
increased social reactivity in isolated ICR mice. This response was correlated
with an isolation-induced increase in striatal D] density. In this study we
hypothesized that these effects would be particularly robust in inbred mouse
strains characterized as high in emotionality. Given the importance of motor
activity in the expression of emotional behavior, two inbred mouse strains (A/J
and C57BL/6J) high in emotionality and low and high, respectively, in motor
activity were chosen. Isolated mice were administered either a Di (DHX, 10
mg/kg) or D2 (quinpirole, 1.0-3.0 mg/kg) agonist and their behavior was assessed
in a social interaction test. Both agonists induced a marked strain dependent
social reactivity. In C57BL/6J mice, DHX significantly increased escape
behavior whereas quinpirole (3.0 mg/kg) had only marginal effects on this
measure and other measures of social reactivity. Conversely, quinpirole induced a
striking increase in almost all measures of social reactivity (e.g., defensive
kicking, jump, vocalization) in A/J mice. This heightened reactivity was also
observed following DHX, albeit to a much lesser degree. These findings highlight
the importance of dopamine receptors in the expression of fear-related behaviors.
They also suggest differences in receptor subtype mediation of social reactivity
as a function of strain. Supported by NSERC of Canada and MH4537L

821.7

821.8

DOSE-DEPENDENT EFFECTS OF ASCORBATE ON CONDITIONED
AVOIDANCE RESPONSE. I. M. Gulley* and G. V. Rebec. Program in
Neural Science and Dept- of Psychology, Indiana University, Bloomington,
IN 47405.
Pretreatment with ascorbate, a known modulator of dopamine
transmission in the striatum, enhances the ability of haloperidol, a
dopamine antagonist, to induce catalepsy and to block the behavioral
effects of amphetamine (Rebec and Pierce, Prog. Neurobiol., 43:537, 1994).
In the present study, we extended this line of work to the lever-release
version of the conditioned avoidance response (CAR) task, which is highly
sensitive to changes in striatal dopamine (White and Rebec, Neurosci.
Protocols, in press). Increases in dopamine transmission enhance CAR
performance, while decreases have the opposite effect. Adult, male rats
were trained to avoid footshock by releasing a lever within 500 msec of tone
onset. We tested the effects of low (100 mg/kg) and high (1000 mg/kg) dose
ascorbate both alone and in combination with haloperidol (.01 and .05
mg/kg). Consistent with previous results, high dose ascorbate alone
impaired CAR performance and increased response latency without
altering the latency of the escape response. The low dose of ascorbate, in
contrast, failed to impair CAR performance by itself and attenuated the
detrimental effects of haloperidol. Collectively, these results confirm and
extend reports that ascorbate modulates dopamine-mediated behavioral
responses. Our data suggest, however, that this effect of ascorbate is dosedependent such that low doses enhance and high doses impair striatal
dopaminergic mechanisms.
Supported by NSF IBN 91-12055.

EFFECTS OF L-DOPA, METHAMPHETAMINE AND APOMORPHINE ON SHUTTLE AVOIDANCE LEARNING IN NEONATALLY
6-OHDA-TREATED RATS.
M. Takasuna*1. T. Okauchi2 and
Iwasaki2. 1 Yamano College of Aesthetics, Tokyo 192-03, Japan.
2 Institute of Psychology, Univ. of Tsukuba, Tsukuba 305, Japan.
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Neonatal depletion of brain dopamine produces various behavioral deficits including hyperactivity as well as learning impairment
of active avoidance task (Takasuna et al, 1995). To investigate the
drug effects on shuttle avoidance learning in the dopaminedepleted rats, L-DOPA (5 or 25 mg/kg, i.p., pretreated with benserazide), methamphetamine (1 or 2 mg/kg, i.p.) and apomorphine
(0.5, 1.0 or 10 mg/kg, i.p.) were injected before the training session. Rats were treated with 6-hydroxydopamine (6-OHDA; 35
pg/3 pl/ventricle, pretreated with desipramine) on Days 2 and 4
after birth. The avoidance training (50 trials x 3 days) began on
Day 90 after 5-min open-field test. Though each drug elicited a
dose-dependent alteration of activity in the open-field, none of the
drugs increased the number of avoidance responses in 6-OHDAtreated group. In particular, the increase of intertrial shuttling
responses after the injection of higher dose of L-DOPA was not
accompanied with improvement of avoidance performance. These
results suggested that the performance of 6-OHDA-treated rats
was not affected by the activity-stimulating effect of the drugs.
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MONOAMINES AND BEHAVIOR:

821.9

EXPOSURE TO AMPHETAMINE IN VIVO LEADS TO ENHANCED
AMPHETAMINE-INDUCED DOPAMINE RELEASE BY DOPAMINE
NEURON TERMINALS IN VITRO. M. O'Neill. J. Wang and P. Vezina*.
Department of Psychiatry, University of Chicago, Chicago, IL 60637.
Experiments investigated the effect of prior exposure to systemic injections
of amphetamine on the subsequent release of dopamine (DA) evoked by
amphetamine from DA neuron terminals in the rat nucleus accumbens
(N.Acc.) and dorso-lateral striatum (Dl.Str.) in vitro. Different groups of rats
were administered five injections of amphetamine (3.0 mg/kg, i.p.) or saline,
one injection every third day. Two weeks following the last injection, rats
were decapitated, their brains rapidly removed, the N.Acc. and Dl.Str.
bilaterally dissected out and the tissue incubated in oxygenated sodium
bicarbonate buffer. Tissue was incubated repeatedly for five minutes in 400
/il of medium and exposed in successive incubations to different
concentrations of amphetamine (0-10 ^M). Prior exposure to amphetamine in
vivo led to significantly enhanced, concentration dependent, amphetamineinduced DA release from both N.Acc. and Dl.Str. DA neuron terminal tissue
in vitro. The two groups did not differ when no amphetamine was present in
the medium: basal DA release in vitro was not altered by amphetamine
preexposure in vivo. These results confirm and extend those of previous
reports (Kolta et al., Neuropharmacol.. 1985, 24, 823; Castaneda et al., Life
Sci.. 1988, 42, 2447). Together with other findings indicating that
amphetamine acts in the cell body region of midbrain DA neurons to produce
sensitization, these results support the view that exposure to such injections
leads to long term changes in midbrain DA neuron function.

821.11
CROSS-SENSITIZATION IN THE PREWEANLING RAT: THE EFFECTS OF
DIZOCILPINE ON AMPHETAMINE AND NPA. M.A. Duke. C.A,
Bolanos, G.M. Garmsen, M.A. Clair, S.A. McDougall*. Dept.
of Psychology, California State Univ., San Bernardino.
Repeated exposure to a variety of direct (NPA) or
indirect (amphetamine; AMPH) DA agonists produces
sensitization in young and adult rats. NMDA antagonists
(dizocilpine; DIZ) block the induction of sensitization in
adults, suggesting that DIZ and the DA agonists AMPH and
NPA share a common locus of action. To further assess
this possibility, we attempted to determine, using the
preweanling rat, whether (1) DIZ would block the
sensitization induced by AMPH and NPA; and (2) whether
DIZ, AMPH, and NPA are capable of inducing crosssensitization. 17-day-old rats were injected on four
consecutive days with DIZ (0.3 mg/kg) or saline. After 30
min, rats were then given AMPH (2.5 mg/kg), NPA (1.0
mg/kg), DIZ, or saline. A final test day occurred 2 days
later, with activity, sniffing, and rearing being measured
after AMPH, NPA, or DIZ treatment. The results showed
that pretreatment with DIZ blocked the sensitization
induced by AMPH and NPA. Curiously, DIZ, AMPH, and NPA
did not induce cross-sensitization in the 17-day-olds.
For example, repeated treatment with AMPH had no effect on
the behavioral actions of DIZ or NPA. Thus, these results
show that DIZ, AMPH, and NPA are each capable of inducing
sensitization, but that the sensitization produced by
these drugs may be mediated by different mechanisms.

DOPAMINE II

821.10

MK-801 BLOCKS THE DEVELOPMENT OF SENSITIZATION TO THE
LOCOMOTOR
AND
DOPAMINE
ACTIVATING
EFFECTS
OF
AMPHETAMINE. D.C. Jolly* and P. Vezina. Department of Psychiatry,
University of Chicago, Chicago, Illinois 60637.
Repeated intermittent administration of amphetamine has been shown to produce
an enhanced locomotor and nucleus accumbens (N.Acc.) dopamine (DA) response
to a subsequent challenge injection of amphetamine, when testing is done
sufficiently long after the last drug injection. This study used in vivo microdialysis
and measured locomotor activity in rats to examine whether these effects would
develop in the presence of NMDA receptor blockade by MK-801. Four groups of
rats were tested. During preexposure, rats in each group received 2 injections
(separated by 30 min.) per session. These were conducted every third day. Rats in
the S-S group received two injections of saline. Rats in the S-A group each
received saline and amphetamine (1.0 mg/kg, i.p.). Rats in the M-S group received
MK-801 (0.3 mg/kg, s.c.) and saline. Finally, rats in the M-A group received MK801 and amphetamine. This procedure was repeated five times. Two to three
weeks after the last injection, all animals were given amphetamine (1.0 mg/kg,
i.p.) and their locomotor and N.Acc. DA response measured. The S-A rats showed
a significantly greater locomotor and N.Acc. DA response in comparison to S-S
rats, reflecting sensitized responding by S-A animals. In contrast, the locomotor
and N.Acc. DA response of M-A rats did not differ significantly from those of MS. rats. These results suggest that NMDA receptor activation is a necessary
component of the development of sensitization to amphetamine. Interestingly, both
the locomotor and N.Acc. DA responses of animals having been preexposed to
MK-801 were higher than those of S-S rats. This may reflect an additional and
separate long-term effect of exposure to this NMDA receptor antagonist.

821.12

CUES SPECIFICALLY UNPAIRED WITH AMPHETAMINE ATTENUATE THE
DEVELOPMENT OF LOCOMOTOR SENSITIZATION TO THE D-2 DOPAMINE
RECEPTOR AGONIST QUINPIROLE. C. Jake-Matthews* and P. Vezina.
Department of Psychiatry, University of Chicago, Chicago, IL 60637.
Experiments were conducted to determine whether prior exposure to amphetamine
enhances the subsequent development of sensitization to the locomotor effects of the
D-2 dopamine receptor agonist quinpirole. Because conditioned drug effects have
been shown to influence the expression of sensitization to amphetamine, the role of
such effects in the development of sensitization to quinpirole were also assessed.
Three groups of rats were first administered injections of either amphetamine (1.5
mg/kg, i.p.) or saline. Animals in one group (PAIRED) received amphetamine in
locomotor activity measuring boxes and, the following day, saline in their home
cage. Animals in a second group (UNPAIRED) received saline in the activity boxes
and amphetamine in their home cage. Animals in a third group (CONTROL)
received saline in both environments. All animals were left undisturbed on the third
day. This procedure was repeated five times. Seven to ten days following the last
injection, all animals were administered quinpirole (0.5 mg/kg, s.c.) in the activity
boxes and their locomotor response measured. These injections were repeated every
four days for a total of 10 quinpirole injections.
Prior exposure to amphetamine had no effect on the subsequent development of
sensitization to the locomotor effects of quinpirole. Both PAIRED and CONTROL
group animals displayed a similar development of sensitization to quinpirole when
this agonist was administered repeatedly. Interestingly, the development of
sensitization to quinpirole over days in UNPAIRED group animals was significantly
retarded relative to the other two groups. These results suggest that while different
mechanisms likely contribute to the locomotor sensitization observed with
amphetamine and D-2 dopamine receptor agonists, both instances are dramatically
affected by conditioned stimuli specifically unpaired with drug.

821.13

821.14

LONG-TERM, BI-WEEKLY TREATMENT OF LESIONED RATS
WITH QUINPIROLE LEADS TO BEHAVIORAL SENSITIZATION TO
BOTH DI AND D2 DA RECEPTOR AGONISTS AND TO L-DOPA.
K.E. Asin*. L. Bednarz and A. Nikkei. Neuroscience Res. D-47U, Pharmaceutical
Products Division Abbott Laboratories, D-47U, Bldg AP9A, Abbott Park, IL 60064
Reports indicate that daily, repeated administration of selective Dl and D2 dopamine
(DA) receptor agonists to lesioned rats may lead to the development of behavioral
tolerance or sensitization in response to an acute drug challenge. Since sensitivity
changes are dependent on dose and treatment schedule, we investigated the consequences
of intermittent, repeated treatment of lesioned rats with vehicle (V), Dl or D2 DA
agonists on rotation after acute Dl and/or D2 agonist challenges.
Male Sprague-Dawley rats were given unilateral injections of 6-OHDA into the
MFB. Following recovery, rats were tested for rotation after apomorphine (0.3
mg/kg), divided into 4 groups (N=17-18/grp), and given 43, bi-weekly injections of
either V, the Dl agonist A-85653 (O.O9mg/kg), quinpirole (O.15mg/kg) (Quin) or
A-85653 (O.03mg/kg) +Quin (0.05 mg/kg) (COMBO); rotation was examined
periodically. After this repeated treatment phase (RTP), animals were challenged with
various doses of either A-85653, Quin, or L-DOPA and rotation was measured.
During the RTP, all but V rats demonstrated behavioral sensitization. Repeated A85653 led to behavioral tolerance in response to acute, low doses of A-85653, but
response sensitization following a higher dose compared to rats given V during the
RTP. Rotation levels were unchanged compared to V following any challenge dose of
Quin, but the behavioral response to L-DOPA was diminished. In contrast, rats given
Quin during the RTP showed enhanced rotation in response to all compounds,
including A-85653. The effects of repeated COMBO treatment were compound- and
dose -dependent and tended to reflect the additive effects ofrepeated A-85653 and Quin.
HPLC analysis indicated that rats sustained. 95% striatal DA depletions.
Our results indicate that repeated quinpirole treatment leads to behavioral
supersensitivity in rats following an acute injection with a Dl or D2 receptor agonist
or L-DOPA. In contrast, repeated A-85653 treatment produces dose-dependent changes
in behavioral sensitivity to itself, but not to quinpirole or L-DOPA.

CORRELATION OF STRIATAL DYNORPHIN mRNA EXPRESSION
AND BEHAVIORAL SENSITIZATION FOLLOWING REPEATED Dl
AGONIST INJECTION. J.F, Beiar, M,B. Harrison, and J.M, Trueman*
Department of Neurology, Univ. of Virginia, Charlottesville, VA 22908
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Repeated injections of Dl dopamine agonists have been shown both to
elicit behavioral sensitization and increase striatal dynorphiu mRNA
expression but the correlation between dynorphin expression and
sensitization has not been established. Rats with unilateral
6-hydroxydopamine nigral lesions received 1, 2,4, or 8 daily injections of
the Dl agonist SKF 38393 (10 mg/kg ip). Contralateral rotation was
observed for 2 hours following each injection and after the last injection
the brains were processed for dynorphin mRNA expression by in situ
hybridization. Rotation increased as a function of the number of injections
with a maximal response achieved after 5 injections (repeated measures
ANOVA, P<0.05). Dynorphin mRNA expression was markedly increased
in the dopamine deafferented striatum after 4 and 8 injections of Dl
agonist with the most prominent effect seen in the dorsolateral quadrant
(up 250%). Dynorphin expression and rotation both positively correlated
with injection number (linear regression analysis, P<0.05) and there was a
positive association of dynorphin expression and rotational response
(Spearman rank-order correlation, P<0.05). These results are consistent

with the hypothesis that increased striatal dynorphin contributes to the
enhanced motor response resulting from repeated Dl agonist injection.
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STRIATAL DOPAMINE CONCENTRATIONS FOLLOWING AN
ACUTE TREATMENT WITH AMPHETAMINE IN A NOVEL
VERSUS HOME ENVIRONMENT. K. E. Browman * . A. Badiani. J.
J, Lalley and T. E. Robinson.
Department of Psychology and
Neuroscience Program, The University of Michigan, Ann Arbor, MI
48104.
The magnitude of amphetamine-induced rotational behavior is
greater in rats treated in a NOVEL versus HOME environment (Badiani
et al. 1993). We hypothesized that the environment may influence the
behavioral response to amphetamine by modulating striatal dopamine
concentrations. In a previous studies, however, we found no HOME
versus NOVEL differences in the effects of amphetamine on dopamine
concentration in the NAcc-Core. These experiments were to determine
whether HOME versus NOVEL differences in amphetamine-stimulated
dopamine may be found in the NAcc-Shell or in the Caudate.
Rotational behavior in rats with a unilateral 6-OHDA lesion of the
mesostriatal dopamine system was used as an index of the
psychomotor activating effects of amphetamine. The animals were
implanted contralaterally with a microdialysis probe aimed at either i)
the NAcc or the Caudate (Experiment 1), or ii) the NAcc-Shell
(Experiment 2). One day later the animals received 2 mg/kg of
amphetamine IP, either in their HOME cage or in a NOVEL test cage.
Rotational behavior was quantified for 100 min. and simultaneously
samples of dialysate were collected every 20 min. In Experiment l we
found that, although amphetamine-induced rotational behavior was
enhanced in the NOVEL environment, there were no differences in
NAcc or Caudate dopamine. Experiment 2 is in progress, and data will
be reported at the meeting.

THE DEVELOPMENT AND EXPRESSION OF
AMPHETAMINE SENSITIZATION ARE ATTENUATED
BY REMOVING TREATMENT ASSOCIATED CUES.
Hans S. Crombag*. Aldo Badiani and Terry E. Robinson. Department
of Psychology and Neuroscience Program, The University of
Michigan, Ann Arbor, MI 48104.
The development and expression of sensitization to the psychomotor
stimulant effects of amphetamine (AMPH) is significantly attenuated if
rats are given drug treatments in their HOME cage relative to rats
receiving the same treatments in a physically identical but NOVEL test
cage (Badiani, 1993). One difference between the HOME and NOVEL
environment is the salience of cues that predict drug administration.
We hypothesized, therefore, that removal of all cues predictive of drug
administration would further attenuate the development and expression
of sensitization. We tested this hypothesis by comparing AMPH
sensitization in two groups of rats. One group received an unsignalled
intravenous (i.v.) infusion of AMPH (1.0 mg/kg) each day for six
consecutive days at HOME using a remotely activated infusion pump.
The second group received the same treatment but in a NOVEL
environment. The psychomotor response to AMPH was quantified by
measuring rotational behavior in unilaterally DA-denervated rats.
Repeated AMPH treatment produced a progressive increase in drug
response in rats that received i.v. infusions in the NOVEL environment.
In contrast, the same dose of AMPH produced a very small acute
response in the HOME environment and there was no evidence of
sensitization. These results further implicate the role of environmental
factors in the development and expression of behavioral sensitization.

821.17

821.18

FURTHER STUDIES ON THE ENHANCING EFFECTS OF A
NOVEL VERSUS HOME ENVIRONMENT ON AMPHETAMINE
SENSITIZATION. A. Badiani* and T. E. Robinson. Department of
Psychology and Neuroscience Program, The University of Michigan,
Ann Arbor, MI 48104.
Sensitization to the psychomotor activating effects of amphetamine is
greater in rats treated in a NOVEL versus HOME environment (Badiani
et al. 1993), as indicated by a greater rate of sensitization (i.e., the
progressive increase in amphetamine effects over consecutive test
sessions). In the present study we report on NOVEL versus HOME
differences in the effects of intermittent amphetamine on two other
indices of amphetamine sensitization.
Rotational behavior in rats with a unilateral 6-OHDA lesion of the
mesostriatal dopamine system was used as an index of the
psychomotor activating effects of amphetamine. In Experiment 1
HOME and NOVEL rats received seven consecutive IP injections of
either saline or 2 mg/kg amphetamine. Following one week withdrawal
the rotational response to 2 mg/kg amphetamine IP was compared in
saline versus amphetamine pretreated animals. Although both HOME
and NOVEL groups did sensitize, the magnitude of sensitization was
greater in NOVEL rats. In Experiment 2 a dose-effect curve (0.75,
1.5, 3.0, and6.0 mg/kg amphetamine IP) wasqutrntifiedbefore and
after six IP injections of 4.0 mg/kg amphetamine. Sensitization was
indicated by a parallel shift to the left of the dose-effect curve in both
groups, but this shift was about 3.5 times greater in the NOVEL group
than in the HOME group.

CHANGES IN DIALYSIS MEASURES OF STRIATAL MONOAMINES
AND AMPHETAMINE-EVOKED ROTATIONAL BEHAVIOR AFTER
ELECTROLYTIC LESION OF THE NIGROSTRIATAL BUNDLE. E
Castaneda*. I.O. Whishaw. M. Davidson. L. Schuster. T. Daugherty
and Y.-H. Li. Arizona State University, Tempe, AZ 85287-1104.
Adult male Long-Evans rats were tested for basal levels of dopamine
(DA), its major metabolites and 5-hydroxyindolaacatic acid (5-HLAA)
using ramoyaable microdialysis probes implanted bilaterally into the
caudate nuclei. Following baseline measures, an electrolytic lesion was
created in the nigrostriatal bundle within the lateral hypothalamus using
a previously implanted monopolar electrode (2 mA, 20 sec) and testing
continued for 3 hr. The next day, rats received an injection of damphetamine (AMPH, 1.5 mg/kg, s.c.) during dialysis testing.
Afterwards, the probes were removed and animals were returned to
their home cages. On day 14 post-lesion, rats were tested again for
basal and AMPH-evoked changes in extracellular monoamine levels.
Quarter turns were measured throughout testing. Immediately after the
lesion, DA levels declined in the damaged hemisphere and this was
accompanied by transient rotational behavior ipsilateral to the lesion.
The next day, basal DA levels remained low in the damaged side but
AMPH-stimulated levels were enhanced relative to the intact side and
rats turned predominantly contralateral to the damaged side. Two
weeks later, the enhancement in AMTH-evoked DA was no longer
observed, although animals now turned predominantly in an ipsiversive
direction. There were no hemispheric differences in DA metabolite
levels at any time, but 5-HIAA levels were significantly attenuated in
the damaged side on day 14 post-lesion. The present results will be
discussed with regard to novel insight about loss/recovery of function.

821.19

821.20

CEREBRAL HEMISPHERE-DOMINANCE INFLUENCES BEHAVIORAL RECOVERY AFTER FETAL MESENCEPHALIC GRAFTING IN
THE RAT PARKINSON MODEL. C. Rosenthal, J. Oertel2, A. Brandis2,
M. Samii1, G.F. Walther2* G. Nikkhah1* 1 Neurosurgical Clinic, Nordstadt
Hospital, Haltenhoeestr. 41, D-30617 Hannover ^institute of Neuropathology, Hannover Medical School, Konstanty-Gutschow-Str.8, D-30625
Hannover, Germany.

INTRAVENTRICULAR INJECTION OF ANTI-DpH-SAPORIN: PRELIMINARY
BEHAVIORAL FINDINGS. C. C. Wrenn*. M. J, Picklo. D. Robertson. R. G. Wiley. Dept,
of Pharmacology, Vanderbilt Univ., Nashville, TN 37232.
Lesions have long been used to surmise neural function from the associated changes in
behavior. Anti-neuronal immunotoxins offer an efficient way to produce highly specific
lesions. The objective of the current study was to examine some behavioral effects of intraventricular (i.c.v.) injection of the anti-neuronal immunotoxin anti-DpH-saporin (a-DpHsap). This immunotoxin (IT) consists of a monoclonal antibody to the noradrenaline
synthesizing enzyme dopamine p-hydroxylase (DpH) coupled by a disulfide bond to
saporin, a ribosome inactvating protein. a-DpH-sap is expected to produce selective neural
lesions because DpH is an enzyme located in the membrane of synaptic vesicles and nerve
terminals of noradrenergic and adrenergic neurons.. Groups of rats (n=7) received injections
into the left lateral ventricle of 5pg or lOpg of a-DpH-sap. These doses were chosen based
on previous experiments in which we observed that the locus coeruleus could be completely
lesioned with sparing of A5 neurons at a 5pg dose while both populations are killed at
lOpg. One week after surgery both groups of the IT-injected rats lost weight in a
statistically significant, dose-dependent manner. By two weeks, only the lOpg group
differed significantly in weight loss from controls. Approximately two weeks after surgery,
tail flick behavior and exploratory activity (day and night) of the groups was examined.
None of the groups differed in the latency to flick the tail in response to a noxious stimulus
(heat). Night-time exploratory activity was significantly decreased in both immunolesioned
groups while the decrease observed during the day did not reach statistical significance.
Grooming bouts were also counted during activity monitoring and were found to increase
dose dependently although statistical significance was obtained only during the day
between the lOpg group and control group. We conclude that i.c.v. injections produce
profound and selective destruction of CNS noradrenergic neurons resulting in subtle but
significant changes in behavior. Rats treated with i.c.v. a-DpH-saporin should prove useful
in a variety of studies of CNS noradrenergic neural systems. (Supported by Dept. Of
Veterans Affairs).

The improvement of spontaneous sensorimotor functions after unilateral
grafting of fetal ventral mesencephalon in Parkinson patients as well as in
the respective animal-models has so far been incomplete and variable.
Usually, there is no good correlation between behavioral recovery and
transplant survival or graft-derived reinnervation. Therefore we have
investigated, whether the extent of forepaw handedness (preference)
influences the level of functional recovery in tests of skilled forelimb use
and stepping behaviour. 120 female Sprague Dawley rats were divided into
left-handed, right-handed and ambidextrous animals on the basis of their
skilled forelimb performance. The rats received unilateral 6-hydroxydopamine lesions of the nigrostriatal pathway either ipsi- or contralaterally
to the preferred paw. Rotational and sensorimotor behaviour was assessed
post lesion and 5, 18, 32, 45 and 58 weeks post grafting. Finally, the
number of surviving dopaminergic neurons and graft volumes were
determined. The results showed a significant differences in the extent of
behavioral recovery between animals grafted into the dominant vs nondominant hemisphere. In accordance with previous studies, morphological
parameters did not seem to correlate with behavioral performance.
The findings of the present study indicate that the extent of functional
recovery induced by dopaminergic grafts is, at least partly, influenced by
cerebral hemisphere dominance.
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REMOVAL OF MEDIAL TEMPORAL-LIMBIC REGIONS RESULT IN
ABNORMAL DOPAMINE NEUROTRANSMISSION IN THE RHESUS MONKEY.

B.S. Kplachena*. R,C. Saunders, J Bestwyjalier t and p.FLWPinbarger, Clinical
Brain Disorders Branch, NIMH Neuroscience Center at St. Elizabeths,
Washington, DC 20032 and tDept. Neurobiol. & Anat. , Univ. Texas Sch. Med.
Houston, TX 77225.
We demonstrated previously that neonatal limbic lesions of the medial temporal
lobe area result in abnormal dopamine neurotransmission in the caudate nucleus
in adult rhpsus monkeys. The present study compared the effects of neonatal
limbic lesions with similar lesions made in adult monkeys on dopamine
neurotransmission using in vivo microdialysis. Three groups of adult monkeys
were used in the investigation: normal adults (N=3), monkeys who had
undergone surgical removal of limbic areas including the hippocampus and
entorhinal cortex in adulthood (N=2), and monkeys with similar lesions made in
the first 3 weeks of their post-natal life (N=3). Extracellular dopamine overflow
was measured in the caudate nucleus in response to low (2OmM) and high
(5OmM) dose potassium (K+) challenges after gas anesthesia. Microdialysis
probes were positioned into the caudate nucleus, perfused with normal CSF with
samples collected and analyzed for dopamine. Each study was replicated twice
in each animal with a minimum of 2 probes per study. After establishing a stable
baseline, a 2OmM K+ challenge was given for 25 min., followed by perfusion with
normal CSF for 3 hr., followed by a 2nd K+ (5OmM) challenge. Samples were
collected for an additional 2 hr before termination of the study. 2OmM potassium
challenge resulted in 56% increase in normal adults and 37% increase in
monkeys with neonatal lesions. 5OmM K+ challenge resulted in 505% in normal
adults and 247% increase in monkeys with neonatal lesions. In contrast, no
changes in caudate dopamine overflow were observed in monkeys with adult
limbic lesions following either low or high potassium challenge. These results
suggest that limbic lesions in rhesus monkeys have profound effects on caudate
dopamine transmission that vary in magnitude depending on age when the lesion
occurred.

EFFECTS OF DISTRACTION, DELAY DURATION AND DRUG
TREATMENTS ON DELAYED RESPONSE PERFORMANCE IN
NORMAL MONKEYS USING AN AUTOMATED BEHAVIORAL
TESTING SYSTEM. Z.-O. Sun* and J.S. Schneider. Depts. of Anat. and
Neurobiol. and Neurology, MCP and Hahnemann University, Philadelphia,
PA 19102.
Normal macaque monkeys were trained to perform an automated delayed
response (DR) task with or without cue (attention) or delay (memory)
distractors, or with variable duration delays, ranging from 0.1 sec. to 30
sec. Cue distractors negatively affected task performance while delay
distractors had no effect on performance. Distractors presented during
response choice also had no effect on performance. Performance
deteriorated with long duration delays. Interestingly, performance did not
significantly deteriorate with short duration cue presentations.
Methylphenidate further impaired DR performance with cue distractors
while LY-171555 and dihydrexidine had no significant positive or negative
effects on DR performance. Neither methylphenidate, LY-171555, nor
dihydrexidine further affected performance of long delay DR trials.
Scopolamine (0.01 mg/kg) significantly impaired DR performance but the
deficit did not appear to be delay dependent. IDRA 21 (0.5 mg/kg), which
prevents AMPA receptor desensitization and increases excitatory synaptic
strength, had no effect on task performance alone but when given 10 min.
prior to scopolamine, blocked the detrimental effects of scopolamine on DR
performance. These results demonstrate the utility of our automated
behavioral testing system for assessing attention, memory, and
pharmacological manipulations of behavior in non-human primates.
Supported by grant MH-46531.
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822.2

IMPACT OF PSYCHOSOCIAL STRESS ON CENTRAL
ALPHA2-ADRENOCEPTORS. G. Fluqqe* and E. Fuchs.
German Primate Center, 37077 Gottingen, Germany
Alpha2-adrenoceptors are supposed to function as
autoreceptors and
to
regulate the activity of the
nor/adrenergic system in the brain. We have previously
shown in male tree shrews (Tupaia belanger) that under
psychosocial stress (PSS), when the nor/adrenergic system
is activated, binding sites for the subtype non-selective
antagonist 3H-rauwolscine are down-regulated. In the

EFFECT OF ACUTE OR CHRONIC RESTRAINT STRESS ON
BEHAVIOR AND BRAIN NOREPINEPHRINE SYSTEM IN
WISTAR-KYOTO (WKY) RATS. S. M. Teiani-Butt*, H. M. Zufar*
and W. P. Pare*L2, 1Dept. of Psychiatry, Univ. of Penn. Sch. of Med.,
Phila., PA 19104 and 2VA Medical Center, Perry Point, MD 21902.
We have reported that WKY rats develop more restraint-induced
gastric ulcers and exhibit more depressive behavior than several other rat
strains. Recently we have shown that repeated exposure to novel
stressors for 21 days not only exacerbates depressive behavior in WKY
rats but also alters B-adrenoceptors (B-ARs) and norepinephrine
transporter (NET) sites in several limbic brain regions when compared to
Sprague-Dawley rats. The present study examined whether these effects
would be elaborated following an acute stress and whether WKY rats
would demonstrate adaptation after repeated stress. Rats were subjected
to a 2h supine restraint stress either for 1 or 8 consecutive daily sessions.
Open field behavioral data were collected before the first day and
immediately after the seventh session. Rats were sacrificed following
their last session, brains removed, frozen and sectioned for
autoradiographic analysis of 125-I-pindolol binding to B-ARs and 3Hnisoxetine binding to NET sites in discrete brain regions. Acute stress
resulted in a significant drop in body weight and an inhibition of
behaviors in the open field. These effects were also sustained following
chronic restraint stress. In contrast, while acute stress had no effect on
the NE system, chronic stress decreased B-ARs in the cortex,
hippocampus and caudate putamen and decreased NET sites in the
hypothalamus and locus coeruleus. (Research funds from VA Medical
Research Services and USPHS grant NS 31699).

present study we investigated binding of the alpha2Asubtype preferring ligand 3H-RX 821002 after different

durations of PSS by in vitro receptor autoradiography.
Down-regulation of alpha2A-adrenoceptors is region-specific
and depends on the duration of PSS: In the locus coeruleus,
the receptor number is reduced after 2, 10, and 21 days of
PSS and returns to normal levels thereafter. In the prefrontal
cortex, the receptor number is only slightly reduced on day
2 of PSS and is normal thereafter. In contrast, in the solitary
tract nucleus and the dorsal motor nucleus of the vagus,
down-regulation occurs only after 21 and 28 days of PSS.
Our data demonstrate the dynamic changes in alpha2Aadrenoceptors under PSS and indicate that in different brain
regions, receptor regulation underlies different mechanisms.
(Supported by the German Science Foundation; SFB 406).

822.3

822.4

MICROINJECTION OF NOREPINEPHRINE (NE) INTO THE MEDIAL
PREOPTIC-ANTERIOR HYPOTHALAMUS (MPOA-AH) REGULATES
AGONISTIC BEHAVIOR IN FEMALE SYRIAN HAMSTERS.
A.C.Harmon. K.L.Huhman. T.O.Moore* and H.E.Albers. Lab.
Neuroendocrinol. & Behav., Depts. Biol, and Psychol., Georgia State Univ.,
Atlanta, GA 30303: Dept. Psychol. Morehouse College., Atlanta, GA 30314.

DEFENSIVE BEHAVIOR INCREASES MAO-A ACTIVITY IN THE
LOCUS COERULEUS OF THE RAT. C. Quinn. D. Beniamin, L.A.
Pohoreckv*. Laboratory of Neuropharmacology, Center of Alcohol
Studies, Rutgers Univ., Piscataway, NJ 08855.
The objective of this study was to determine if monoamine oxidase
(MAO) activity in rats changes as a result of an aggressive interaction.
Male Sprague Dawley rats (450-500g) were allowed to establish
residence in large wire cages over a period of 10 days. Naive intruders
(250-275g) were introduced into the resident’s cage for a period of 30
min and sacrificed immediately after the interaction. During this
period, 4.75±1.03 roll-tumble fights occurred. Control rats from the
same group as the intruders were sacrificed without being subjected to
an intruder experience. Brain sections from the level of the locus
coeruleus (LC) were assayed for MAO-A, while brain sections from the
level of the dorsal raphe nucleus (DRN) were assayed for MAO-B. A
histochemical, coupled peroxidatic oxidation assay utilizing nickel
enhanced DAB staining was employed (Maeda et al., Cell Mol Bio.,
33:1-11). The amount of DAB staining within individual cell bodies of
the LC and DRN was digitized to provide a semi-quantitative
measurement of MAO activity, with precise anatomical localization.
MAO-A activity in the noradrenergic cell bodies of the LC was found
to be 25% greater in intruders than in controls. MAO-B activity in the
DRN cell bodies did not differ between intruders and controls. These
results suggest the existence of a rapid mechanism for MAO-A
activation in the LC which is triggered by intruder status (Supported
by ASPET, Sigma Xi, and the Smithers Foundation).

Vasopressin (AVP) within the MPOA-AH is involved in the regulation
of aggressive behavior and flank marking. In females, injection of NE
into the MPOA-AH inhibits the ab^^ity of AVP to induce flank marking.
The present study examined whether NE injected into the MPOA-AH can
alter agnostic behavior in female hamsters. Female hamsters were allowed
to establish stable dominant/subordinate relationships. Dominant females
were implanted with guide cannulae aimed at the MPOA-AH and injected
with NE 3OOng in 2OOnl saline or vehicle in a counterbalanced order.
Following injection of NE, dominant behaviors (e.g. attacks, bites)
significantly declined (Saline: 5.5±2.25; NE: O.17±O.I5; p<0.05) and
subordinate behaviors (e.g. retreats, defensive postures) significantly
increased (Saline: 0.33±0.14; NE: 4.O±l.63; p<0.05). No significant
changes were observed in a range of other behaviors unrelated to
dominance/subordinance. These data support the hypothesis that injection
of NE into the MPOA-AH can regulate agonistic behavior in female
hamsters.
Supported by NSF IBN 9222022 and NIH NS3OO22.
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822.5

DSP-4 LESIONS IMPAIR ORIENTING BEHAVIOR IN RATS.
C. Yu and R.N. Holdefer*. Dept. of Biology, Hong Kong Univ. of Science and
Tech., Hong Kong.
The orienting reflex (OR) is an early stage of sensory information processing seen
as a decrease in heart rate and desynchronization of the EEG in response to a salient
sensory stimulus, and may involve the locus coeruleus-norepinephrine pathway (LCNE). For example, a role for the LC-NE in attention and vigilance has been
hypothesized, and neurons in the LC-NE of awake animals respond best to salient
sensory stimuli (Aston-Jones, 1985). Stimulation of the LC-NE desynchronizes EEG
and slows heart rate (Berridge et al., 1993; Miyawaki et al., 1991).
Rats were chronically implanted for ECG and EEG recordings. The OR was
elicited by taped rat vocalizations in a sound attenuating chamber. Norepinephrine
was depleted by DSP-4 injections (50 mg/kg, i.p.), a selective neurotoxin for
norepinephrine, and tested for an OR 11-16 days after injection.
In control animals (n=9) there was an 8.5% decrease (p<.O5) in heart rate (HR) 4
s after the onset of the orienting stimulus (rat vocalizations), as compared to baseline
HR (6 s before the orienting stimulus). HR decreased by a maximum of 10%
(jj<.01) at. 13 s after the orienting stimulus and remained significantly decreased
throughout the 60 s testing period, although some habituation was seen. In the DSP4 pre-treated rats (n=8) there was a small, non-significant decrease in HR during the
testing period.
Central NE concentrations in control and DSP-4 treated rats were determined by
HPLC with electrochemical detection. NE concentrations were reduced in the DSP-4
animals by 31% in frontal cortex, 87% in parietal cortex, and 59% in the
hippocampus.
We conclude that there is an involvement of central NE in the orienting reflex of
rats.

822.7
ALPHA-2 ADRENERGIC FUNCTION AND VISUAL SELECTIVE
ATTENTION IN MONKEYS. P. Rama*. J.K. Hietanen. Institute of
Biomedicine, Department of Physiology, P.O. Box 9, FIN-00014
University of Helsinki, Finland.
Catecholinergic innervation of the cerebral cortex may have an
important function in controlling attention. The well documented
ability of alpha-2 agonists to improve working memory may, at least
in part, be due to the memory being protected from irrelevant or
distractive stimulation (Amsten & Contant, Psychopharmacology,
180:159-169, 1992). This indicates that alpha-2 agonists may also
have a beneficial effect on attentive functions. In the present study the
monkeys (Macaca arctoides) were trained to perform spatially
selective manual responses (left/right) in a task in which the stimulus
colour (green/red) and its spatial location (left/central/right) were
relevant and irrelevant stimulus dimensions, respectively. The location
of the colour stimulus was compatible, incompatible or neutral with
respect to the direction of the response. The different types of
stimulus conditions were presented in random order within the block
of testing. The effects of medetomidine, an alpha-2 agonist, and its
antagonist atipamezole were studied by comparing their effects on
saline control performance separately in each stimulus condition. The
role of alpha-2 adrenergic function will be discussed in the context of
visual selective attention.

822.9
IMPROVED
VIGILANCE
PERFORMANCE
IN
MONKEY
ASSOCIATED WITH ALTERED LOCUS COERULEUS (LC)
ACTIVITY AFTER CLONIDINE. J. Rajkowski*. S. Ivanova. P. Kubiak &
G. Aston-Jones. Dept. Psychiatry, Hahnemann Univ., Philadelphia, PA 19102.
The effect of the alpha2 agonist, clonidine (5, 20 or 40 ug/kg), on activity of LC
neurons was studied in 4 Cynomolgus monkeys while they performed a vigilance task
requiring sustained focused attention (see Kubiak et. al, this volume). Behavioral
effects of clonidine were dose-dependent: 5 ug/kg (im) had no effect on task
performance, 20 ug/kg (im, sc) resulted in drowsiness or mild sedation with continued
but improved performance, and 40 ug/kg (im) produced strong sedation.
In 3 monkeys who performed well before clonidine (< 5% errors of commission or
false alarms; FAs), clonidine administration reduced errors (increased 6) but also
increased bar release latency. LC discharge was unaffected by 5 gg/kg clonidine, but
was consistently reduced by the higher doses. There was an inverse relationship
between tonic Lc activity and task performance after clonidine. However, if l C
neurons became totally quiescent animals became drowsy and performance ceased.
Clonidine produced an unexpectedly strong effect in the fourth monkey. This animal
exhibited hyperactive behavior throughout training (FAs ~ 30%). Clonidine (20
gg/kg, sc) produced prolonged epochs of near-perfect performance (5% FAs; increased
6 and d'), alternating with epochs of drowsiness. By 2 h after clonidine, performance
had deteriorated to preinjection levels and motor hyperactivity returned. Overall, task
performance correlated strongly with the level of LC tonic activity: Whereas poor
performance before clonidine invariably corresponded to elevated tonic LC activity,
improved performance after clonidine was associated with low-frequency LC discharge.
Phasic LC responses to CS+ cues, typically small in this monkey, increased
markedly after clonidine.
These results support other findings of improved sustained attention after clonidine,
especially notable in hyperactive animals, and suggest the possibility that alterations
in LC activity may be a causal factor. Clonidine will be microinfused into the LC to
selectively inhibit LC neurons as a test of this hypothesis. Supported by AFOSR
grant F49620-93-1-0099.
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TIME COURSE OF CHANGES IN HYPOTHALAMIC
AND HIPPOCAMPAL NOREPINEPHRINE DURING
AMPHETAMINE WITHDRAWAL. D. M. Camp*.
D.K. DeJonghe and T. E. Robinson. Dept, of Psychology and
Neuroscience Program, Univ. of Michigan, Ann Arbor, MI 48109.
Following the discontinuation of an escalating dose amphetamine
(AMP) pretreatment regimen rats exhibit a decrease in spontaneous
nocturnal motor activity that persists for 1-2 weeks. Furthermore,
these transient changes in behavior are associated with depletion of
hypothalamic norepinephrine (NE) concentrations (Paulson et al.,
Psychopharmacol. 1991, 103, 480-492). In the present experiment
we used in vivo microdiaiysis to further characterize NE
neurotransmission during AMP withdrawal. Animals received an
escalating dose AMP pretreatment regimen (1 — 10 mg/kg) over 10
consecutive days and then were withdrawn for either 24 hrs or 30
days prior to determination of NE in either the hypothalamus or
hippocampus during basal 'resting' conditions and also following a .
challenge injection of 2.0 mg/kg d-AMP i.p.. It was found that
during the early withdrawal period, basal extracellular NE was
significantly elevated in both brain regions, relative to saline-pretreated
rats. In addition, in the hypothalamus there was a significant
attenuation in AMP-stimulated NE release. Following 30 days of
withdrawal, basal hypothalamic extracellular NE did not differ from
controls, but there was a significant enhancement in AMP-stimulated
NE release in this brain region. These results are consistent with the
idea that alterations in NE neurotransmission may contribute to both
post-AMP withdrawal 'behavioral depression' and the persistent
effects of AMP on behavior (i.e. behavioral sensitization).

822.8

STIMULATION OF MEDIAL SEPTAL NORADRENERGIC 6-RECEPTORS
INDUCES BEHAVIORAL AND FOREBRAIN EEG ACTIVATON. C.W.
Berridge* and S.L. Foote2 'Psycholology Dept., Univ. Wisconsin, Madison, WI
53706; ^Psychiatry Dept., Univ. California, San Diego, La Jolla, 92093.
We previously demonstrated that acute, selective manipulations of locus coemleus
(LC) neuronal activity elicit robust alterations in forebrain EEG in halothaneanesthetized rat. Similar EEG responses are observed following small infusions of
noradrenergic 6-agonists and antagonists into the basal forebrain region encompassing
the medial septum and vertical limb of the diagonal band of Broca (Ms ) in

anesthetized rat. The present studies assessed whether the EEG activational effects
induced by activation of MS 6-receptors are observed in the absence of anesthesia, and
if so, whether concomitant behavioral effects are observed. Rats were implanted with
a guide cannula aimed at MS or adjacent regions. On the day prior to testing, rats
were singly housed in sound attenuated chambers. On the day of testing, a 33 ga.
infusion needle was inserted and attached to the cannula via plastic threaded sleeves
and videotaping of the rat’s behavior began 30 min later. 60 min following the onset
of behavioral recording, an infusion (150 nl) of either vehicle or the 6-adrenergic
agonist isoproterentol (ISO; 25 ug/ul) was made without disturbing the animal. EEG
was simultaneously recorded in a subset of animals. MS vehicle infusions, or ISO
infusions, placed outside MS did not alter EEG measures or the amount of time spent
awake compared to the preceding hour. In contrast, MS ISO infusions resulted in
hippocampal/cortical EEG activation and within 3-10 min, increased the time spent
awake in the hour following the infusion (5 vs. 34 min). EEG responses preceded the
behavioral responses and were present at the latter portions of the behavioral response
which were often characterized by brief and frequent bouts of lying down interrupted
by shifts of body position and brief periods of locomotor activity. These results
indicate that the LC-noradrenergic system exerts an excitatory influence on behavioral
and EEG measures of arousal in the unanesthetized rat, via actions within MS.

822.10

CONTRASTING RESPONSES OF MONKEY LOCUS COERULEUS
(LC) NEURONS TO CONDITIONED VS. UNCONDITIONED
STIMULI: RELATIONSHIP TO AROUSAL, PERFORMANCE AND
VIGILANCE. P. Kubiak*. S. Ivanova. J. Rajkowski and G. Aston-Jones. Div.
Behav. Neurobiol., Dept. Psychiatry, Hahnemann Univ., Philadelphia, PA 19102
We previously reported that performance degrades with prolonged behavior on a
vigilance task, and varies over shorter epochs within the task, in association with
altered LC responses to CS+ cues. We now report that LC responses to conditioned
vs. unconditioned stimuli exhibit converse changes during naturally occurring
drowsiness, or during inattentiveness associated with high arousal. LC neurons were
recorded from 3 Cynomolgus monkeys performing a vigilance task. Animals were
required to foveate a central fix spot to initiate each trial of stimulus presentation;
such foveation ensured attentiveness to the task. Animals were trained to release a
pedal after infrequent CS+ stimuli and withhold responding to frequent CS- stimuli.
LC neurons were phasically activated at a short latency (-120 msec) by CS+ stimuli
but not by other task events. During occasionally occurring periods of drowsiness task
performance deteriorated, as evidenced by decreased frequency of foveation of the fix
spot, increased errors of omission, and longer latencies of lever release. During
drowsiness the tonic discharge rate of LC neurons decreased and LC responses to CS+
stimuli were significantly smaller. In contrast, LC responses to unconditioned
auditory stimuli (white noise bursts; 70 msec, 75 db) were of greater magnitude
during drowsiness and poor task performance. Similarly, LC responses decreased for
CS+ cues, but increased for unconditioned stimuli, during epochs of inattentiveness
and poor performance associated with high arousal and apparent agitation. These
results reveal that (1) a close relationship exists between attentiveness, LC tonic and
phasic activities, and performance of a vigilance task, (2) LC responses to CS+ cues
decrease during inattentiveness associated either with drowsiness or with high arousal
and agitation, and (3) responsiveness of LC neurons to unconditioned stimuli is
magnified during these same periods of inattentiveness. Our findings indicate that LC
responsiveness depends on the state of attention and support the role of LC in
attention and vigilance. Supported by AFOSR grant F49620-93-1-0099.
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822.11

A COMPUTATIONAL MODEL OF LOCUS COERULEUS
INFLUENCE ON PERFORMANCE IN A VISUAL DISCRIMINATION TASK
M. XJsher, J.D. Cohen, D. Servan-Schreiber, R. Zemel*, Dept.

Psychology, Carnegie Mellon Univ., Pittsburgh, PA 15213,
P. Kobiak, J. Raijkowski and G. Aston-Jones, Hahnemann Univ.
A computational model is proposed that accounts for the
relationship between patterns of tonic and phasic Locus Coeruleus (LC) activity and behavioral performance during a vig-

iimce task: improved performance during periods of lower
tonic activity together with phasic bursts after target stimuli. The model shows how the relationship between patterns
of LC firing and behavioral performance can be explained
by changes in electrotonic coupling within LC. Spoi^ra!^
it demonttrates that an increase in electrotonic coupling results in a more synchronous (i.e., phasic) pattern of firing that
is triggered by target but not by distractor stimuh, and that
is also associated with a lower spontaneous (i.e., tonic) firing

rate. This results in tighter coupling of neocortical NE release
to target stimuii, w'hich in turn improves task performance (a
reduction in false alarms without an increase in response latency to targets). The model provides an account of the influ-

ence of LC cells and NE on performance in a cognitive task,
suggesting a specific role for electrotomc coupling within LC
and neuromodulatory infuence of NE in selective attention.

822.13

THE ALPHA1 -ADRENOCEPTOR ANTAGONIST PRAZOSIN ANTAGONIZES
MK-801 EVOKED STIMULATION OF MESOLIMBIC DOPAMINE ACTIVITY:
ELECTROPHYSIOLOGICAL, BIOCHEMICAL AND BEHAVIORAL CORRELATES
J.M. M^thd, G.G. Nomikos. B.E. Hildebrand. K. Chergui, P.Hertel. A,A.
Math6* and T.H, Svensson Dept. Physiology & Pharmacology, Div.
Pharmacology, Karolinska Instituted 171 77 Stockholm, SWEDEN.
The effects of the potent alpha-1-adrenoceptor antagonist prazosin were
investigated on electrophysiological, biochemical and behavioral action of the
psychotomimetic, NMDA-receptor antagonist MK-801 related to the
mesolimbic dopamine (DA) system in the rat.
Extracellular single-cell recordings were obtained from A10 DA neurons in
chloral hydrate anaesthetized rats. Action potentials were fed into a
computer for analysis of firing rate, burst firing and regularity of firing, as
assessed by the variation coefficient. In addition, levels of DA and its
metabolites were measured in the n. accumbens (NAc ) with microdialysis in
freely moving rats. Locomotor activity was assessed in rats in an open field.
Rats were pretreated with either vehicle or prazosin (0.3-1.0 mg/kg), 20 min
prior to MK-801 (0.05-0.3 mg/kg) administration.
Administration of prazosin 1) effectively blocked the increased burst firing,
but did not affect the average firing rate of A10 DA neurons 2) antagonized
the increased DA, DOPAC and HVA levels in the NAC, and 3) blocked
hyperlocomotion, as induced by MK-801.
Thus, behavioral stimulation by MK-801 is indeed associated with
increased presynaptic activity in the mesolimbic DA system. Moreover, a
potent and selective alpha-1-adrenoceptor antagonist can specifically block
this, subcortically evoked DA activity without any significant effect on basal
DA release in the same region. Supported by the Medical Research Council
of Sweden and the Karolinska Instituted
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S Germainand M, AnctH*.
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Dept. Sci. Biol., Univ.
de Montreal, Montreal, Quebec, Canada H3C 3J7.
Of the three classes of the phylum Cnidaria,
Hydrozoa but neither Scyphozoa nor Anthozoa possess
uetrantructuraeey
identifiable
gap
junctions.
We
present evidence that the bioluminescence system of
an anthozoan,
the sea pansy, which is believed to
be coordinated by a nerve-net but which is
also
adrenergically controlled via cells neighboring the
light-emitting
cells
(photocytes),
requires
gap
junction-like coupling to
effect
light
emission.
Gap junction blockers such as octanol and heptanol
reversibly eliminated in situ luminescent responses
but not those of dissociated photocytes. An anticonnexin43 monoclonal antibody
(anti-Cx43)
loaded
in permeabilized cells
abolished the
luminescent
responses.
Western
blot
analysis
revealed
the
presence
in
sea
pansy
tissues
of
a
Cx^^-like
protein.
We
also
visualized
Cx43-like
punctate
immunoreactoviUy in some epithelial layers and in
the
nerve-net,
with
greater
abundance
in
the
luminescent endoderm.
UlUrastrucUural observations
revealed only
small
"close
appositions"
but
not
recognizable gap junctions.
These results suggest
that a Cx43-like gap junction protein exists in the
sea
pansy
and
is
involved
in
transmission
of
bioluminescent signaling, but does not aggregate in
typical large plaques. (Supported by NSERC)

822.14

LONG-TERM EFFECTS OF PSYCHOMOTOR STIMULANTS ON
APPETITIVE AND CONSUMMATORY SEXUAL BEHAVIORS IN
THE MALE RAT. M.F. Wilkins*. L. Schattmann. and J.G. Pfaus. Center
for Studies in Behavioral Neurobiology, Department of Psychology,
Concordia University, Montreal, QC, Canada.
Amphetamine and cocaine are generally believed to enhance human
sexual desire, arousal, and performance, whereas long-term use 'of these
drugs is associated with a deterioration of sexual function. Surprisingly, these
effects have not been studied extensively in animals. We examined the acute
and long-term effects of cocaine hydrochloride (5, 10, or 20 mg/kg) or damphetamine sulfate (1.25, 2.5, or 5 mg/kg) on sexual behavior in sexually
experienced male rats. Amphetamine or cocaine were injected prior to tests
conducted every 4 days in bilevel chambers. Acute amphetamine increased
anticipatory level changes, but decreased the proportion of rats that mounted,
intromitted and ejaculated. Long-term amphetamine decreased anticipatory
level changes secondarily to the induction of stereotypy, and also further
decreased the proportion that mounted, intromitted or ejaculated. These
effects reversed during withdrawal, but declined following challenge dosages
of amphetamine. In contrast, acute cocaine did not affect anticipatory level
changes or the proportion of rats that mounted, intromitted or ejaculated.
However, cocaine increased mount and intromission latencies, decreased
ejaculation latencies, and decreased the number of intromissions before
ejaculation. Although tolerance accrued to these effects, challenge dosages
after withdrawal further reduced the number of intromissions and the
ejaculation latencies. Thus, acute and long-term administration of
amphetamine or cocaine differentially affect sexual behavior in the male rat.

NEUROPEPTIDES AND BEHAVIOR III

823.1

THE EFFECT OF NPY ADMINISTERED TO EITHER THE
VMN OR THE PVN ON LORDOSIS AND FEEDING. C. Bauer
and J.E. Thornton*. Neuroscience/Biopsychology Program and
Department of Biology, Oberlin College, Oberlin, OH 44074
Recently we have shown that neuropeptide Y (NPY) increases
lordosis in female guinea pigs. The effect of NPY on feeding in guinea
pigs has not been examined. The present experiment determined
whether NPY might act on either the ventromedial nucleus (VMN)
and/or the paraventricular nucleus (PVN) of the hypothalamus to affect
lordosis and feeding in female guinea pigs.
Ovx female guinea pigs had a cannula implanted into either the VMN
or the PVN. For lordosis tests, estrogen-and progesterone-primed
females were infused with 100 pmol NPY or saline vehicle in a repeated
measures, counterbalanced design, and tested for lordosis behavior.
NPY significantly increased lordosis when it was administered to the
VMN but not the PVN. For feeding tests, ovx females were infused
with 100 pmol NPY or vehicle and feeding was examined. NPY
administered to either the PVN or the VMN significantly increased both
the number of grams eaten and the frequency of feeding. It is suggested
that NPY acts at the VMN to affect lordosis and at both the VMN and
the PVN to affect feeding in the female guinea pig.

Society

for

Neuroscience , Volume

,

21 1995

823.2

DRINKING INDUCED BY MICROINJECTIONS OF PITUITARY
ADENYLATE
CYCLASE
ACTIVATING
POLYPEPTIDE
(PACAP38)
INTO THE LATERAL HYPOTHALAMUS
(LH)
OF
NONDEPRIVED RATS. M.Puig de Parada*. M.A.Para^^. and
L . He rnAnde z . Department of Physiology,
School of
Medicine, Universidad de los Andes, Merida 5101-A,
Venezuela.
PACAP38 increases cAMP levels in rat pituitary cells
and sulpiride increases cAMP in neurons bearing dopamine
D2 receptors. Sulpiride induces also several behaviors
when bilaterally administered in the perifornical LH
(pfLH). The present study tested if bilateral pfLH
PACAP38 microinjections could reproduce the behavioral
effects of sulpiride. PACAP38 (1 nmol/0.5 pl) administered in the vicinity of the pfLH selectively induced
drinking
(19.7±4.l ml of water)
during the hour
following the injection.
In the same rats
(n=l2)
sulpiride (45 nmol/0.5 pl) had milder effects (7.8±l.4
ml/hr) .
The difference between both effects was
statistically significant (t= 3.61; df=ll; p<0.005).
Neither sulpiride nor PACAP38 promoted drinking when
injected (n=lO) 1.3 mm behind the effective zone. This
negative result is an evidence of the neuroanatomical
specificity of the dipsogenic effect of both drugs. The
dipsogenic effects of sulpiride and PACAP38 were well
correlated [R= 0.821; F(l/20)= 41.5; p<0.0001) suggesting
that both substances trigger drinking by activation of
the same hypothalamic mechanisms. These results suggest
that PACAP38 in the pfLH could be an integrative
neuropeptide regulating drinking behavior.
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823.3
CHOLECYSTOKININ ATTENUATES
GROOMING
VIA
AN ATYPICAL
RECEPTOR TYPE. J.ML_VanKampen*_and__A._JLSto^ss.l. Clin.
Neurol. Sci., University Western Ontario, Ont., Canada.
The neuropeptide cholecystokinin (CCK) is known to
interact
with
dopamine
in
various
ways.
We
have
demonstrated that. CCK-8S effectively attenuates dopamine
Dl-mediated
vacuous
chewing
movements
(VCM's)
and
stereotypic grooming. Our work has shown a clear role for
the CCK-A receptor in the attenuation of VCM’s but the
receptor type mediating this effect on grooming remains
unclear. While a selective CCK-B agonist was effective in
attenuating grooming, the CCK-A rather than the CCK-B
antagonist blocked tne 'attenuating effects of a general
agonist. Similar anomalous results have been found by
others in studies of anxiety and analgesia. To further
explore this issue we examined the effects of selective CCK
antagonists on the attenuation of grooming by a CCK-B
agonist. Administration of SKF 38393 (5mg/kg,s.c.) to male
Sprague Dawley rats resulted in a significant increase in
grooming which was reduced to control levels by the
peripheral administration of the selective CCK-B agonist
CCK-4 (2Opg/kg, i . d.). Pretreatment with both the CCK-A
antagonist, MK-329, ' and the CCK-B antagonist, L-365,260,
significantly blocked this attenuation over a range of
doses (2Opg/kg,lOOug/kg. 500pg/kg;i.p.). SKF 38393-induced
VCM’s
were unaffected
by
CCK-4
or either
of
the
antagonists.
Further study has_ ruled out
possibile
influence from anxiogenic properties of CCK-4 or direct
effects of the antagonists themselves. We also examined the
effects of vagotomy on the actions of CCK-8S. Vagotomy
abolished suppression of both VCM’s and grooming. Taken
together, these findings suggest a predominant peripheral
'A’ receptor mediated effect of CCK but CCK-4 may be acting
at a novel receptor subtype.

823.5
NO EFFECT OF CENTRALLY ADMINISTERED CCK-8S ON RETENTION
OF INHIBITORY AVOIDANCE IN FEMALE RATS AS A FUNCTION OF
ESTRUS STATE. L. I. Wichlinski*. C Dietrich. A. Maver. C. Weselv.
L. Flalan, B . Hogtrn, C. Kulaww:, A. Sparks, M. Cervere, and M. Dedricks.
Dept, of Psychology, Carleton College, Northfield, MN 55057.
In previous experiments from our laboratory, centrally administered
cholecystokinin (CCK)-8S produced a significant enhancement of retention
performance in the one-trial inhibitory avoidance task in male but not
female rats. In this experiment we sought to determine the role of the estrus
cycle in the failure of CCK-8S to produce memory enhancement in female
rats. Adult female Sprague-Dawley rats were implanted stereotaxically
with guide cannulae one week before training. Immediately following
training on the one-trial inhibitory avoidance task (0.6 mA, 1.0 sec) rats were
infused i.c.v. with either CCK-8S (800 pmoles) or vehicle. Testing took place
24 hr later. Rats were assigned to one of four estrus states (metestrus, proestrus,estrus, or diestrus) based on light microscope assessments of vaginal
epithelial cells collected prior to training. Behavioral results were matched
to estrus groups in a blind fashion after testing. Again, CCK-8S failed to
enhance retention performance relative to vehicle treatment, regardless of
estrus state. Also, vehicle results alone did not vary as a function of estrus
state. Possible reasons for the absence of CCK-8S effects include: insensitivity
of the task to CCK-8S modulation in female rats, a low threshold for
suppression of CCK-8S by circulating ovarian steroid hormones, differential
dose-response curves for female and male rats, and interactions between
CCK-8S and testosterone. Ovariectomy experiments are in progress to explore
this issue further.

823.7

UCLA School of Medicine, Los Angeles, CA 90073.
Electroconvulsive seizures (ECS) elevate the (evels of both
thryotropin releasing hormone ("TRH^) and TRH-Gly (pGlu-His-FT-o-Gly,.
a TRH precursor, in the (imbic system of rats. We have reported
significant correlations between results from the forced swum test (a.
test used to predict effaccy of antidepressant drugs and ECS) and
post-ECS TRH and TRH-Gly (evels in four anterior (imbic regions
dissected from male Wistar rats (Ann NY Acad Sci, 739:135, 1994..
Because TRH and TRH-Gly are readily converted to cyclolHis-Pro) (cHP),
we have studied the effects of ECS and ford swimming on the brain
levels of this meCa5eiiCieiy stable cyclic dipeptide. cHP has a number of
CNS effects inciuding the induction of hyp5theomCc and suppression of
motor activity which may influenced, and in turn be infllenced by ECS
and forced swim. The rat groups were: untreated controls, swim only,
ECS only, and swim+ECS. Below are the cHP (evels (ng/g wet wt.) for

pyriform eta, (PYR). striatum (§tr ) and anterior ctx, (ACllmean ± S,P);
Control + ECS only (18)
60.9 ± 29.5
46,6 ± 19.6

Swim only + (Swim+ECS) (16)
p
39.4 ±1t._
<0.01
29.7 ± 9.6
<0.004
29.1 ± 13.3____________ p.s.
A£54,9.±...57,3
Forced swim testing significantly decreased cHP (n 2 of the 3 regions
tested. ECS did not affect mean cHP (evels in these regions (not
shown. Mechanisms of this effect are unknown. It i:s known that
cHP can be derid from sources other than TRH. We thank Dr. Ix^cor
Jackson for the cHP antcseeum. Supposed by VA Research Service.
PYR
STR

823.4

FETAL MOTOR BEHAVIOR AND RESPONSIVENESS TO PERIORAL
CUTANEOUS STIMULATION: INVOLVEMENT OF VI RECEPTORS.
E.I. Varlinskaya & E.S. Petrov. Inst, for Exptl. Med., St. Petersburg,
Russia and W.P. Smotherman*. Ctr. Dev. Psychobiol., Binghamton
University - SUNY, Binghamton, NY.
Arginine-vasopressin (AVP) injected into the cisterna magna of the
E2O rat fetus increases motor activity, including the relatively
uncommon patterns of mouthing, licking and facial wiping. The AVP
effect is mediated by VI receptors in the brain stem and spinal cord.
The effect of AVP on fetal motor behavior can be potentiated by
intrahemispheric (IH) injection of the VI antagonist [R-mercapto-6,6cyclopentamethylene-propionyl1,O-Me-Tyr2,Arg8]-vasopressin. These
findings suggest that there are at least two populations of VI receptors:
one in the spinal cord/brain stem that has an excitatory effect and a
second in the brain hemispheres that has an inhibitory effect on fetal
motor behavior. Fetal responses to perioral cutaneous stimulation
including the presentation of an artificial nipple also are influenced by
manipulation of VI receptors in the spinal cord/brain stem and brain
hemispheres.
IC injection of the VI antagonist reduces fetal
responsiveness while blockade of VI receptors by IH injection has the
opposite effect and potentiates responsiveness to perioral cutaneous
stimulation including oral capture and grasping of the artificial nipple.
These findings indicate 'that AVP plays a role in regulating fetal motor
behavior including responsiveness to perioral cutaneous stimulation and
suggests that AVP may affect behavior immediately after birth in the
context of suckling.
WPS is supported by an MERIT Award from NIH (HD 16102-11).

823.6

MODULATION OF CORTICOTROPIN-RELEASING FACTOR (CRF)
RELEASE BY NMDA AND 5HTla RECEPTORS IN PRIMARY
CULTURES OF FETAL RAT AMYGDALA . D.L. Birkle*. V. Suski.
M ,S. Crattv. R.W. Gabr. H .A, Mason. M.G. Villanueva. A.K. Salm,
Department of Pharmacology and Toxicology, Department of Anatomy,
WVU School of Medicine, Morgantown, WV 26506.
Previous immunocytochemical studies from our laboratory have
demonstrated the presence of corticotropin-releasing factor (CRF)-positive
neurons in primary cultures of fetal rat amygdala neurons. We have also
previously shown Ca2+-dependent, depolarization-induced release of CRF
in these preparations, and CRF release in response to the excitatory amino
acid neurotransmitter, glutamate. We now have evidence that glutamateinduced CRF release is mediated primarily by activation of NMDA
receptors. NMDA (EC50, 5 pM ) stimulated CRF release. The effects of
both glutamate and NMDA were blocked by AP-5 (IC50, 30 pM), or by
restoring [Mg2f]out to 1 mM. Kainic acid (EC50, 0.5 pM) also stimulated
CRF release, and was partially antagonized by AP-5, suggesting that its
effects are mediated in part by the release of glutamate in the cell culture.
Activation of 5-HTu receptors with the agonist, 8-OH-DPAT, reduced
both basal and depolarization-induced (60 mM K+) release of CRF (EC50,
1 nM). These studies demonstrate stimulatory (via NMDA receptors) and
inhibitory (via 5HTU receptors) modulation of CRF release from fetal
amygdala neurons in primary culture. Supported by NSF XIBN-9222263).

823.8

FORCED-SWIM TEST REDUCES CYCLO(HIS-PRO) LEVELS UN RAT
BRAIN. A.E, Petem*. R.L. Llovd. Ml. Chflngar. A. Satttn. Psychiatry,
Medicine (Endocrinology) & Research Services, West Los Angeles Va &
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THE EFFECTS OF NGF, b-FGF AND CEREBROLYSIN ON SPATIAL
NAVIGATION AFTER BILATERAL LESIONS OF THE
SENSORIMOTOR CORTEX: A. Gschanes. V. Valouskova. M.
Windisch and H. Xiong*. Center of Animal Biology, Medical School,
Roseggerweg 48, A-8036 Graz, Austria.
Damage of the sensorimotor cortex causes spatial navigation
deficits in rats. Lesions of this brain region were made with suction
and the subsequent behavioral effects measured in a Morris water
maze apparatus. bFGF, NGF or Cerebrolysin (CER) a nootropic
peptidergic drug, were infused by osmotic minipumps unilaterally
into cavities made by suction or intraperitoneally (ip). For
comparison, other unlesioned rats were injected ip with saline or
CER. Animals were tested in the water tank 13 days after surgery
for 3 consecutive days. The length of the trajectory to a submerged
platform, as well as the speed of swimming, were measured. The
trajectory of lesioned animals was significantly longer than of
controls but none of the treatments changed this parameter.
However, all groups treated ip and the NGF group infused centrally
swam faster towards the platform in comparison to the
corresponding lesioned or intact controls. The same animals were
evaluated 8 months after treatments. Only FGF-treated animals
showed a significant improvement in comparison to the lesioned
controls. We conclude that, in the short-term, CER improves spatial
memory in lesioned and intact animals whereas FGF leads to more
long-lasting effects.
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823.9

CONVERGENT MODULATION OF A NEUROMUSCULAR JUNCTION
BY NINE NEUROHORMONES. J.C.Jorge-Rivera* and E.Marder. Volen
Center, Brandeis University, Waltham, MA 02254
Despite numerous examples of invertebrate neuromuscular junction (NMJ)
modulation by amines and peptides, little is known about the physiological
organization of NMJ modulation by multiple substances.
We have found that a stomatogastric NMJ in the crab Cancer borealis is
modulated by 9 neurohormones: Red Pigment Concentrating Hormone
(RPCH), Proctolin (PROC), TNRN- and SDRN-FLRFamide, Serotonin (5HT), Octopamine (OCT), Dopamine (DA), D-Allatostatin-3 (D-AST-3), and
Histamine (HIS). We studied the effect of each modulator on agonistmediated contractions, nerve-evoked contractions, high K+ contractions,
nerve-evoked excitatory junctional potentials (EJPs), and excitatory
junctional currents (EJCs). Changes in muscle fiber input resistance were
also investigated in current clamp and voltage clamp conditions. While 7
modulators enhanced the efficacy of this NMJ, 2 of them were inhibitory.
For example, PROC enhances nerve-evoked muscle contraction by
500%4L100% (n-3) whereas D-AST-3 reduces contractions by 60%+7%
(n=7). It is likely that this NMJ is targeted by different complements of
modulators under different physiological contexts in vivo. Pairs of
modulators (RPCH and PROC, 5-HT and AST, FLRFamides and HIS)
produce different responses when coapplied than when either is applied
alone.
Supported by NS17813 (EM) and Ford Foundation Dissertation Award
(JCJR).

823.11

AMPLITUDE REDUCTION OF EVOKED HIPPOCAMPAL FIELD
POTENTIALS DURING SEXUAL BEHAVIOR IN THE FEMALE
RAT. pre>ssman,.K, Burston._U„ ZeppeliQuP.. Ward, T,, SwseaL
Behav. Neuroscience Prog., Dept, of Psych., Univ. of Colorado,
Boulder, CO 80309.
These studies were designed to investigate the influence of sexual
behavior on the amplitude of evoked hippocampal field .potentials.
Ovariectomized Sprague- Dawley rats underwent chronic electrode
implant surgery. The stimulating electrode was placed in the stratum
radiatum (near CA3) and the recording electrode was placed in CA1.
Biphasic 0.5ms constant current square wave pulses were delivered
every five seconds. Evoked potentials (EP) were reduced 30% below
maximum and recorded before (B), during (S) and after four testing
conditions (TC): sexual-social (receptive fern. +male, n=lO); nonsexual social (non-receptive fem.+ male, n=8 & non-receptive fem.+
fern, n=l 1); and non-sexual non-social (non-receptive fem.+ food,
n=8). Amplitude reduction (AR) during the TC was measured as the
change in the average amplitude between B and S. AR for specific
behaviors (i.e. locomotion, grooming) was measured as the change in
the average amplitude between B and the behavior. The results suggest
that there may be a greater AR in the sexual-social TC during. the
overall S period compared to the AR in the other three TC. There was
a significantly greater AR during locomotion in the sexual-social TC
compared to the receptive fem.+male TC. However, there were no
differences in AR duringloeomotion compared to other specific
behaviors within TC. AR during locomotion is attributed to the
difference between the highest and lowest locomotion AR The results
suggest that the females in the sexual social TC may be nonspecifically more aroused than in the other TC and that the AR may
reflect this difference.

823.13
CONDITIONED BLOOD GLUCOSE CHANGES IN HUMANS: CENTRAL INSULIN EFFECT OR PERIPHERAL EFFECTOR? G. Fehm-Wolfsdorf*. J. Pohl and
W. Kemer. Institute of Psychology, University of Kiel, D-24098 Kiel, Germany.
Classical conditioning of changes in blood glucose level has been repeatedly
demonstrated in animal experiments, and more recently in human studies (FehmWolfsdorf et al., 1993, Physiol Behav, 54,155). In their model of drug-induced

conditioning Eikelboom & Stewart (1982, Psychol Rev, 89,507) discuss two possibilities for the unconditioned stimulus and response: in glycemic conditioning they
consider a direct action of insulin on a peripheral effector mechanism or a CNS
mediated activation of effectors. The present study aimed to compare these possibilities directly within a yoked-control design: the "peripheral group" (PG) was
infused with insulin (infusion rate 1.5 mIE/kg/min) until they clearly noticed
symptoms of hypoglycemia (mean duration 24 min), then the CS (a strange mixture
of odours) was given for 10 min while blood glucose was held constant by a clamp
technique (group mean 2.3mM/L). Subjects of the "central group" (CG) were
matched with the subjects of the PG relative to the decrease of blood glucose following insulin injection in a previous matching session. During the acquisition sessions the yoked partner in the CG was infused with the identical amount of insulin,
but in addition received glucose to maintain stable blood glucose levels (group mean
5.1mM/L). The CS was given to the CG at the hypothetical time of a central insulin
effect, i.e. 5 min after start of infusion for 10 min. 30 male healthy drug-free nonsmoking volunteers participated in 6 sessions each: a matching session, 4 conditioning
sessions and a test session with saline infusions for all subjects. Within the test
session a CR was defined as a change from baseline by >O.45mM/L blood glucose.
In the PG 40% and in the CG 47% of the ss showed a CR, half of them hypo- or
hyperglycemia. From this result we would conclude that conditioning occurs as an
effect of insulin and results in a disturbance of homeostatic regulation of blood
glucose. Research was supported by a grant from the DFG.
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823.10

INCREASES IN CYCLIC-GMP OCCUR AT ECDYSIS IN AN
EVOLUTIONARILY CONSERVED INSECT NEURONAL
NETWORK. J. Ewer and J.W. Truman*. Zoology Dept., U. of
Washington, Seattle, WA 98195.
In the moth Manduca sexta, the neuropeptide eclosion hormone (EH)
is released at the end of each molt and triggers ecdysis, the shedding of
the old cuticle. Just in anticipation of ecdysis a network of 25 pairs of
peptidergic neurons shows a dramatic increase in cGMPimmunoreactivity (cGMP-IR; Ewer et al.(1994) J. Neurosci., 12:77047712). This network includes 5 pairs of neurons in the subesophageal
ganglion, and two pairs in each of the thoracic and first 7 abdominal
ganglia. In moths the abdominal neurons contain Crustacean
CardioActive Peptide (CCAP).
A homologous neuronal network becomes cGMP immunoreactive
during ecdysis in a variety of insects. In the most ancestral insects, such
as silverfish (Zygentoma) and grasshoppers (Orthoptera), some of the
abdominal CCAP neurons are present but do not show the cGMP
response. Other insects like crickets (Orthoptera), meal worms
(Coleoptera), and mosquitoes (Diptera) have the full complement of 50
cells participating at ecdysis. Higher Diptera (Drosophila, Sarcophaga,
Musca) are exceptional in that the ecdysial cGMP response is absent
although most, if not all, of the CCAP neurons are present. We will
discuss how variation in the pattern of cGMP expression in this network
may relate to differences in ecdysis behaviors.

823.12

PROFILE OF CGRP-, AMYLIN- AND SALMON CALCITONIN-INDUCED
DEPRESSION OF LOCOMOTION FOLLOWING INTRACEREBROVENTRICULAR INJECTIONS D. van Rossum*- and R. Ouirion2. 'MaxPlanck Institute for Brain Research, 60528 Frankfurt/M, Germany, 2Douglas
Hospital Research Centre, McGill University, Montreal, Canada, H4H 1R3.
Calcitonin gene-related peptide (CGRP)-, amylin- and calcitonin-like
immunoreactivity, as well as respective binding sites, are widely distributed in the
CNS. Few brain areas, including the nucleus acumbens, are enriched with binding
sites for all three peptides (van Rossum el a/., J. Pharmacol. Exp. Then 270, 1994).
The central administration of either CGRP, amylin or calcitonin induces specific
neurobehavioral profiles. In the present study, we investigated the effects of each of
these peptides on amphetamine-induced (2 mg/kg) as well as on spontaneous
locomotor activities. Locomotion was recorded by photocell interruptions in
activity chambers for 3 hrs following animal treatment. Intracerebroventricular
injections of each peptide (0.04-20 pg/lOpl) decreased, in a dose dependent manner,
the amphetamine-induced locomotion. All three peptides showed similar maximal
effect (~ 40 %) in decreasing amphetamine-induced locomotion. However, salmon
calcitonin revealed to be most potent (0.16 pg) followed by rat amylin (1.25 pg) and
human CGRPa (hCGRPa, 2.5 pg). A similar potency profile was observed on
spontaneous locomotion. Interestingly, the injection of bicuculline (0.5 mg/kg), a
GABAa receptor antagonist, selectively blocked the decrease in spontaneous
locomotion induced by hCGRPa. while having no significant effects on rat amylin
and salmon calcitonin-induced decrease in spontaneous locomotor activity. The
present findings thus support the existence of functionally distinct receptor subtypes
for CGRP vs. those of amylin and salmon calcitonin to modulate locomotor activity
in the rat brain. Supported by the MRC of Canada.

823.14

INHIBITION OF NOVELTY-INDUCED LOCOMOTOR ACTIVITY BY
INTRA-VTA INJECTION OF NEUROPEPTIDE FF, AN ANTI-OPIOID
PEPTIDE. Marco K„ Cador M.. Stinus L.*. Le Moal M. and Simonnet G.
INSERM U.259 - Rue Camille Saint-Saens 33077 Bordeaux, France
The neuropeptide FF (NPFF) is a mammalian neuropeptide with some
antiopioid properties such as anti-analgesic effects. Brain Np Ff receptors are

different from opioid receptors and are present at the Ventral Tegmental Area
(VTA) level on non-dopaminergic cells. We have previously shown that intra-VTA
injection of NPFF was able to inhibit intra-VTA morphine-induced locomotor
activity. Thus, the presence of both NPFF and opioid systems at the VTA level
suggest that these two opposing systems may participate to a physiological
regulation of the activity of the mesocorticolimbic dopaminergic system. To test this
hypothesis, we have studied the locomotor activity elicited by a novel environment
since it has been reported that the mesocorticolimbic dopaminergic system is
required for the expression of novelty-induced locomotor activity. In this study, we
have shown that intra-VTA injection of naloxone methobromide induced a biphasic
inhibition of the locomotor activity triggered by novelty, indicating that opioid
peptides are released when rats are placed into a novel environment. During an
early phase (0-30 min) naloxone only partially inhibited novelty-induced locomotor
activity (-30%), indicating the existence of both opioid and non-opioid components.
During a second period (30-90 min) naloxone totally blocked novelty-induced
locomotor activity showing an essential role for opioids at the VTA level. When
injected in the VTA, NPFF inhibited in a dose dependent manner (1 to 10 pg/0.5
pl) the novelty-induced locomotor activity. The highest dose (10 pg) totally blocked
the hyperactivity induced by novelty. These results indicate that this neuropeptide
has both opioid and non-opioid blocking effects at the VTA level suggesting that
NPFF may be a modulator of the mesocorticolimbic dopaminergic system activity.
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824.2

ALCOHOL-INDUCED BEHAVIORAL DEFICITS AND REGIONAL BRAIN
WEIGHT REDUCTIONS DEPEND ON TIMING OF ALCOHOL EXPOSURE
DURING THE NEONATAL BRAIN GROWTH SPURT IN RATS. J.D.

Thomas1 *, C.M. Esparza2. D.E. Moritz2. G. Lopez2. E.A, Wasserman1 & LR*

West2. University of Iowa, 2Texas A & M University
Prenatal exposure to alcohol can produce permanent CNS dysfunction expressed
as a wide spectrum of behavioral deficits; however, the nature and severity of this
dysfunction varies greatly. Developmental timing of alcohol exposure is believed to
be one important determinant of alcohol's teratogenic effects. Using a rat model
system, the present study investigated the behavioral and CNS consequences of brief
episodes of alcohol exposure during varying periods within the neonatal brain
growth spurt, a time of rapid CNS development equivalent to the human third
trimester. Sprague-Dawley rats were exposed to alcohol (6.6 g/kg) in a binge-like
manner on two consecutive days via an artificial rearing procedure. One group was
exposed to alcohol on postnatal days (PD) 4 and 5, another group on PD 6 & 7, and
a third group on PD 8 & 9. A fourth group served as a calorically matched,
artificially reared control, and a fifth group comprised normally reared suckle
controls. Subjects were tested from PD 25-43 on a series of behavioral tasks
including a motor task and a reversal training learning task. All alcohol-exposed
groups were significantly impaired on the motor task; however, early exposure (PD
4/5) produced more severe deficits than later exposure. An opposite pattern for
deficits was observed on the learning task. On this behavioral measure, severe
deficits were observed in the groups following late exposure to alcohol (PD 6/7 &
PD 8/9), but not earlier. This dissociation in the temporal pattern of behavioral
vulnerability corresponded with the temporal vulnerability of regional brain weight
reductions. Reductions in cerebellar weight, an area involved in motor performance,
were most severe following early alcohol exposure (PD 4/5), whereas reductions in
forebrain weight, which includes areas involved in cognitive tasks, were most severe
following later exposure (PD 6/7 and PD 8/9). Thus, the pattern of behavioral
deficits is consistent with the temporal vulnerability of various brain regions.
Supported in part by NIAAA grant AA05523.

824.3

EFFECTS OF PRENATAL ALCOHOL EXPOSURE AND AGING ON
AUDITORY FUNCTION IN THE RAT. M.W. Church! E.L. Abel, J.A.
Kaltenbach and G.W. Overbeck. Fetal Alcohol Research Center, Depts.
Ob/Gyn and Audiology, Wayne State Univ. Sch. Med., Detroit, MI 48201.
The present study investigated select aspects of peripheral and central
auditory dysfunction, as well as the pathological effects of aging, in an animal
model of the fetal alcohol syndrome (FAS). Pregnant rats consumed liquid
alcohol diets containing 0%, 17.5%, or 35% ethanol-derived calories, from
gestation day 7 to parturition. A fourth group was untreated. Offspring of
these mothers were tested for auditory and neurological function, using the
auditory brainstem response (ABR) at 6, 12 and 18 months of age. The ABR
provided evidence of both peripheral and central auditory disorders.
Specifically, some animals in the alcohol-exposed groups showed a peripheral
auditory disorder in the form of congenital sensorineural hearing loss. This
was correlated with punctate lesions of and malformed stereocilia on the
auditory sensory receptor cells in the inner ear. Alcohol-exposed animals also
showed a central auditory processing disorder characterized by prolonged
transmission of neural potentials along the brainstem portion of the auditory
pathway. Animals in the highest dose group also showed an augmentation in
the age-related deterioration of auditory acuity. Thus, increased peripheral and
central auditory dysfunction and pathological deterioration of auditory function
in old age may be sequelae of FAS. Such morbidities have important
implications for the long-term clinical assessment and management of FAS
patients.
Supported by NIH grant P50 AA07606.

824.4

BEHAVIORAL AND IMMUNOLOGICAL CONSEQUENCES OF BRIEF
EMBRYONIC EXPOSURE TO NICOTINE OR ALCOHOL IN DOMESTIC
FOWL CHICKS. R. A. Hughes1*. M. R. Bake?, N. Nolleni. S. H. Chou2. K.
A. Nordvke2, and J. E. CunnickL2. Depts. Psychology! Microbiol. Immunol.
Prevent. Med2., Iowa State Univ. Ames, IA 50010-3180.
Fertile eggs of domestic fowl (Gallus gallus) received injections into the egg air
space of either nicotine tartrate (NIC; 0.0, 0.025, 0.25, 2.5, or 5.0 mg/ml/kg egg)
or ethyl alcohol (ETOH; 10, 20, 30, or 40% 1 ml/kg egg) on incubation days 1012. NIC (5.0 mg/kg) significantly (p < ..05) affected hatch rate and hatchling
survival but other NIC and ETOH amounts did not. Chick body weights at
hatch were not significantly affected by either NIC or ETOH.
Indices of social distress vocalizations & activity) defensive (tonic immobility
induction and duration), and immunologic responses (leukocyte proliferation to
mitogen stimulation; ConA, LPS, PWM; blood thymus and spleen) were
measured successively in surviving chicks at one (social measure), 14 (tonic
immobility measures), and 17 (immune system measures) posthatch. On the
social test neither NIC nor ETOH altered distress vocalizations but both drugs
decreased activity in a dose dependent manner. On the tonic immobility test
ETOH groups required fewer inductions than controls but duration was
equivalent; NIC did not affect the immobility measures.
Preliminary analysis of the immune system data suggest significant effects of
NIC and ETOH on leukocyte proliferation that depend, in part, upon dose and
sex gender-.

BINGE-TYPE ALCOHOL EXPOSURE DURING THE FIRST TWO
TRIMESTERS EQUIVALENT IN THE RAT FAILED TO PRODUCE A
DEFICIT IN CEREBELLAR PURKINJE CELL NUMBER USING
STEREOLOGICAL METHODS. Susan E. Maier* & James R. West.
Anatomy & Neurobiology, Texas A&M University Health Science
Center, College Station, TX 77843-1114
Women who binge drink throughout pregnancy have an increased
risk for delivering babies with Fetal Alcohol Syndrome or AlcoholRelated Birth Defects. In the rat, cerebellar Purkinje cells are extremely
susceptible to alcohol-induced cell death as a consequence of third
trimester equivalent exposure (postnatal days 4-9). Whether alcohol
exposure during the first two trimesters equivalent results in similar
Purkinje cell deficits is the question we addressed. Timed pregnant rats
received one of three treatments daily from gestation days (GD) 1-20;
alcohol gavage (6 g/kg, 22.5% v/v), Maltose-Dextrin gavage + pairfed to
alcohol, or standard lab chow. Offspring from treated dams were perfused
with fixative on GD33 (postnatal day 10), had their cerebella removed and
processed for plastic embedding using Historesin®. Serial sagittal sections
were cut through the entire cerebellum and mounted on slides for
counting using Cavalieri's principle and the optical disector. Even though
peak blood alcohol concentrations (BAC) reached 334 mg/dl late in
gestation, there were no differences between the three groups in estimates
of volume, density, or Purkinje cell number. Taken together with previous
findings, these results suggest that cerebellar Purkinje cells are
considerably less susceptible to alcohol-induced deficits during the first
two trimesters equivalent than during the third trimester equivalent, even
when alcohol exposure during the third trimester equivalent encompasses
a substantially shorter duration (6 days) and results in a considerably
lower peak BAC (~25O mg/dl). Supported by Grant AAO(K9O.

824.5

824.6

ALCOHOL-INDUCED HIPPOCAMPAL ABERRANT MOSSY FIBER
PROJECTIONS DEPEND ON THE PATTERN OF EARLY POSTNATAL
ALCOHOL EXPOSURE IN RATS. D. M. Smith and C. R. Goodlett*. Dept, of
Psychology, IUPUI, Indianapolis, IN 46202.
Continuous exposure to alcohol (EtOH) in artificially reared neonatal rats during the
first ten postnatal days has been shown to produce aberrant mossy fiber projections
into the distal intra- and infrapyramidal zone of mid-temporal hippocampal field CA3
(West & Hamre,£><ev. Brain Res., 1985). This experiment examined whether induction
of aberrant mossy fibers depends on the daily pattern of neonatal alcohol exposure.
Harlan Sprague-Dawley rats were randomly assigned to one of the following
treatments administered on postnatal days 1-9: one of three alcohol treatments (using
artificial rearing methods); an artificially reared control; or a suckle control. Alcohol
was given in three different patterns, as follows: Continuous 1 (a replication of the
original West & Hamre treatment) received 2.8% v/v EtOH in each of 8, 15-min daily
feedings (n=5); Continuous 2 received 2.8% v/v EtOH (n=3) or 3.2% v/v EtOH (n=5)
in each of 12, 20-min daily feedings; Binge received 10.2% v/v EtOH in 2
consecutive of the 12, 20-min daily feedings (n=5). Artificially reared controls were
given feedings calorically matched to the experimental groups (total n=l 1), and suckle
controls (n=25) were reared normally by dams. Continuous 1 treatment produces more
rapid increases in blood alcohol concentration (BAC) per feeding, compared to
Continuous 2. because a larger volume of EtOH is delivered in a shorter feeding time.
The Binge treatment produces a high peak BAC (~25O mg/dl) that falls to 0 before the
end of the day. Rats were sacrificed on PD 45; frozen horizontal sections (35 gm
thick) were processed with the Timm stain for heavy metals and evaluated
microscopically for the presence of distal intra-and infrapyramidal mossy fibers.
In the Continuous 1 condition, 2 of the 5 cases were found to have aberrant mossy

ETHANOL-GABAa receptor
interaction
in developing
rat
CEREBELLAR PURKINJE CELLS: y2L vs. y2S mRNA EXPRESSION.
H.H. Yeh*. E.V. Grigorenko and T. Y. Rikhter. Dept. Physiology &
Pharmacology, Bowman Gray Sch. Med., Winston-Salem, NC 27157.

fiber projections (compared to 7 out of 8 in West & Hamre, 1985). None of the
remaining groups had subjects with aberrant mossy fibers. These data suggest that the
rapid and continuous presence of high BACs in the early neonatal period is critical to
the development of aberrant mossy fiber projections. (Supported by AA09596)
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The modulation of the GABAa receptor by ethanol may be dependent
on GABAa receptor subunit composition. Since the expression of many
GABAa receptor subunits are developmental^ regulated, such dynamics
should reveal to advantage as to whether ethanol sensitivity is related to
GABAa receptor subunit make-up. Here, we combined patch clamp recording
and RT-PCR in single immature Purkinje cells to link ethanol-GABA
interaction with GABAa receptor subunit mRNA expression, focusing on the

long and short splice variants of the y2 subunit (y2L &y2S).
Purkinje cells acutely dissociated from postnatal dayCPD)-l, -3, -5, -7,

-9 and -11 rat cerebella, were chosen for study. At each age examined,
GABA-activated whole-cell current responses were potentiated upon coapplication of 50 mM ethanol. Profiling of GABA' receptor subunit mRNAs
in these cells revealed the expression of or, ft and y subunit mRNAs. The y
subunit expressed prior to PD-7 was that of y2S. The expression of y2L was
not evident in individual Purkinje cells until PD-7. In whole cerebellar tissue,

y2S mRNA expression was found throughout postnatal development but that
of y2L mRNA only beyond PD-5. Other subunit messages also appear
developmentally regulated.
Our results indicate that ethanol modulation of GABAa receptor
function in cerebellar Purkinje cells is present prior to the emergence of, and
thus independent of, y2L mRNA expression and . that the dynamics of
neuroreceptor expression in development can provide insights into the
specificity of ethanol-neuroreceptor interactions.
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OFFSPRING. D.D. Savage, L.L. Paxton, H. Wu, and A.M. Allan* Dept, of
Pharmacology, Univ. of New Mexico H.S.C., Albuquerque, NM 87131-5316

The amino acid neurotransmitters glutamate and GABA have been
implicated as neurochemical correlates underlying the electrophysiological
and behavioral deficits observed in Fetal Alcohol Syndrome.
To further
investigate prenatal ethanol-induced changes in the GABA system, we
measured the ability of GABA and four modulatory agents that affect GABAa
receptor-stimulated 36chloride ion flux in membrane vesicles prepared from
hippocampus, cerebellum and frontal cortex of adult offspring from ad lib
chow, pair-fed and ethanol fed rat dams.
Prenatal ethanol treatment
involved the consumption of a liquid BioServ diet containing 5% (v/v) ethanol
by rat dams throughout gestation.

Dose dependent GABA-stimulation of chloride flux was not significantly
affected by the prenatal ethanol exposure in any of the brain areas
examined.
In the frontal cortex, prenatal ethanol exposure significantly
attenuated both the positive modulatory effects of flunitrazepam (FLU; 25
pM) and alphaxalone (ALPH; 25 pM) as well as the negative modulation by
the inhibitory neurosteroid, 5 a-pregnan-3 p -ol- 20-one sulfate (PS; 25 pM)
and the benzodiazepine inverse agonist FG-7142 (FG; 10 pM) on GABAstimulated 36cr
flux.
In the cerebellum, prenatal ethanol exposure

diminished the modulatory influences of the benzodiazepines but not the
neurosteroids. In hippocampus, prenatal ethanol exposure enhanced the
effect of positive modulators (FLU and ALPH) but diminished the effects of
negative modulators (FG and PS). These findings suggest that prenatal
ethanol exposure produces long-lasting effects on the modulatory sites of
the GABAa receptor complex. Further studies will be required to determine
whether these alterations are a compensatory mechanism in response to the
early
ethanol
insult
or
if
these
alterations
contribute
to
the
electrophysiological and behavioral deficits observed in fetal ethanol
exposed offspring.

824.9

EFFECT OF PRENATAL ALCOHOL EXPOSURE ON SEROTONIN
TRANSPORTER BINDING SITES IN RAT BRAIN. H. M. Zafar . S.
Shelat. E. Redei and S. M. Teiani-Butt*. Depts. of Psychiatry and
Pharmacology, Univ. of Penn. Sch. of Med., Phila., PA 19104.
Fetal alcohol exposure (FAE) is known to have long-term effects
on behavior which include hyperactivity and altered stress response.
FAE has also been reported to decrease serotonin (5-HT) levels,
turnover, release and uptake, as well as alter 5-HT receptor sites in
several brain regions of offsprings. Since presynaptically located 5-HT
transporter (5-HTT) sites serve as markers of 5-HT innervation, the
present study examined the effects of FAE on 5-HTT binding sites in
several discrete brain regions of the developing male and female
offspring. Time-pregnant dams were fed liquid ethanol diet, isocaloric
diet without ethanol or normal rat chow. Male and female offspring
were sacrificed at 21, 40 and 60 days of age. The brains were removed
and sectioned for autoradiographic analysis of 3H-cyanoimipramine (3HCNIMI) binding to 5-HTT sites. The results indicate that FAE had a
significant time and sex dependent effect on 5-HTT sites. In FAEfemales, 5-HTT sites were decreased in the amygdala and hypothalamus
and increased in the hippocampus and dorsal raphe nucleus as early as
day 21. However, 5-HTT sites increased in the amygdala in day 40
FAE-females, and this increase persisted in the amygdala and
hippocampus in adulthood. In contrast, 5-HTT sites were found to be
unaltered in immature FAE-males, but decreased in the amygdala and
hypothalamus and increased in the hippocampus and dorsal raphe
nucleus in adult FAE-males; a pattern similar to immature FAE-females.
(Research funds from USPHS grant NS 31699 and AA 07389).

824.10

EFFECT OF PRENATAL ETHANOL EXPOSURE ON
POSTNATAL EXPRESSION OF GLUTAMATE RECEPTORS
AND PHYSIOLOGICAL RESPONSES IN BARREL FIELD
CORTEX. V. Rema*. W. Huang and F. F. Ebner. Institute for
Developmental Neuroscience, Vanderbilt University, Kennedy
Center, NashvUle, TN 37203.
Prenatal ethanol exposure leads to alterations in the expression
of glutamate receptors in postnatal rat cortex. There is reduced
expression of NMDA receptor subunits NR1, NR2A/B as
detected by immunocytochemical analysis, which is maintained
for at least 3 months after birth. However we do not see a similar
reduction in the expression of AMPA receptor subunits at the ages
examined. Compared to normal animals the cortex of rats
prenatally exposed to ethanol showed an increase in GluRl
immunostaining at P2l and P3O, whereas GluR2/3
immunoreactivity was lower at P2l and higher by P3O compared
to normal. The expression of GluR4 does not seem to be effected
by prenatal ethanol exposure at P2l and P3O. We are currently
examining the effect of these subunit changes on physiologically
recorded plasticity. Extracellular single unit recording suggests
that neuronal responses in the primary somatosensory cortex of
adult rats are altered following exposure to alcohol during
gestation. The main differences compared to normal animal are in
the level of spontaneous activity, the amplitude of evoked
responses in the center and surround receptive fields and the
response latencies. (Supported by NS 13031 and HD 1052)

CORPUS STRIATUM HISTOLOGICAL ALTERATIONS IN
ADULT MICE PRENATALLY TREATED WITH DIAZEPAM
A, Marquez-Orozco*. M.C. Marquez-Orozco. MV. GazcaRamirez and G. de la Fuente-Juarez. Embryol Dept. School of
Medicine UNAM, POB 70-553 Mexico 04510 D.F. Mexico.
Diazepam accumulates in the fetal human and mice corpus
striatum, where it produces a delay in the neuroblastic
differentiation. An atypical chromatin distribution and less
number of fibers. We investigated if the histological alterations
of the fetal corpus striatum occurs in adult mice. Single daily
doses (2.7 mg/kg) of diazepam were sc. administrated to CD-I
strain female mice, from gestation day 6 to 17. A control
received equivalent volumes of saline solution. The offspring’s
were wet-nursed by non-treated mice, weaned and kept for 240
days.
The motor activity and
swimming pattern were
periodically measured from the 6th day until the 8th month.
Mice were deeply anesthetized, perfused with 10% formaline,
and the brains were removed, fixed and stained for myelin,
nerve cells, and axons identification; a selected blocks were
impregnated with the fast-Golgi technique. Light microscopy
demonstrated in diazepam mice atypical distribution of neurons,
less number of fibers, and accumulation of glial cells around
vessels, and in the bundles fibers. Behavioral analysis of the
experimental group (swimming, and spontaneous motor activity)
correlated well with the persistent histological alterations.

824.11

824.12

PERSISTING EFFECTS OF PRENATAL EXPOSURE TO DIAZEPAM
ON SEXUAL BEHAVIOR OF FEMALE MICE. L ,A ,I, HernandezAlvarez*, A. Martinez-Vargas. B. Victoria-Romero, A. Marquez-Orozco
and M.C. Marquez-Orozco. Unit for Research in reproduction. School of
Medicine, BUAP and Dept, of Embryology. School of Medicine,
UNAM, Mexico 04510 D.F., Mexico.
We have shown in forgoing works, effects of prenatal exposure to
diazepam (DZP)
on
sexually dimorphic reproductive behaviors. In
this work, we assessed the sexual behavior of senile females CD-I
strain mice exposed to DZP during gestation. One group of female
mice was s.c. treated with DZP (2.5 mg/kg/d) from the 6th to the 17th
days of gestation and a control group received saline sol. On the 27th
month of age, the spontaneous female sexual activity to males from the
same
breeds
was
tested
and videorecorded under red light.
Precopulating and copulating activities were evaluated. No difference
was found in precopulating behaviors from both groups, but during
copulating stage lordotic indexes and proportion of lordotic females
were greater in experimental animals. Results indicate persistent and longlasting mating facility patterns of prenatal exposure of DZP cm sexual
behaviors which could be due to permanent modification of
neurotransmission by the drug during development.

HISTOLOGICAL CHANGES IN THE RETINA OF MOUSE
FETUSES EXPOSURE TO DIAZEPAM. M.C
MarquezOrozco*. A, Marquez-Orozco. M V. Gazca-Ramirez and G. de
la Fuente-Juarez. Embryol. Dept. School of Medicine UNAM,
POB 70-553 Mexico 04510 D.F. Mexico.
We investigated if diazepam (DZ) 1.0 mg/kg dose produces
similar histological effects in the fetal retina as with 2.7 mg/kg
dose. Three gestating CD-I strain mice groups were injected
daily sc. from day 6 to 17, the first group with single daily DZ
doses (2.7 mg/kg), the second group with single daily DZ, doses
(1.0 mg/kg) the third group received saline solution (S). A
fourth group was non-treated (NT). All were killed with CO2
atmosphere the 18th. day, and the fetus removed. Their eyes
were fixed with 2.5/o glutaraldehide, post-fixed in Os04 and
embedded in epoxy resin. The semifine sections were stained
with toluidine blue and observed under the light microscope.
The fetal retina in both DZ groups revealed in the neuroblastic
layers delay cellular differentiation. A greater nuclear density
of the retinal cells were observed. The cells showing nuclei with
clumps of heterochromatin atypically distributed. S and NT
groups exhibited neither histological differences in the retina
and the cells showing nuclei with
normal heterochromatin
typically distributed. Results give evidence that both DZ doses
produces histological changes in the fetal retina.
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EFFECTS OF FLUMAZ^ENIL BENZODIAZEPINE DEPENDENCE IN
man.
S, w, Woods*, M, I, Pwct. L H.-MLe., H,R Pargau f, a,
Hemneedi, DJW, Galager. D.S, Charnev. G, R, Heninger. T.R, Kosten.

Yale University, 34 Park Street, New "Haven, "CT 06519
Preclinical studies suggest that the benzodiazepine (IB2)
receptor antagonist fluniazenil (FLU) isr single doses can reduce
established BZ dependence. The goal of this ongoing study is to
deteimine whether FLU has this effect ir BZ dependent human
subjects (Ss). Barbiturate pretreatment is employed to attenuate
FLU-induced acute withdrawal. Method: Thus far, 10 methadone
maintained polysubstance abuse inpatient Ss have been randomly
assigned to FLU (n=5) or placebo (PLA, n=5) groups. FLU Ss were
dependent on BZs for 3.O±O.7 yrs and were stabil^ed for 18+7 d on
5.6±2.2 mg/d a.lpr{azolam (ALP) equivalent. After stablization, a
single dose of phenobarbital (PBS) at 30 times (x, n=3) or 6Ox (n=2)
the ALP daily stabilization dose was administered p.o. folllwed
after 2.5 hrs by FLU 1.5 ng i.v. per S over 15 min. PLA Ss dependent
on BZs for 6.8±6.O yrs were stabilid for l8±6 d on 6.0±a.9 mg/d
ALP equivalent. These Ss also received PBS at 3Ox (n=3) or 6Ox
(n=2) the ALP dose, but PBS was foHlwed by double-blind placebo
(PLA) iv. over 15 min. One hr after FLU/PIA, BZ was abruptly
discontinued via single blind placebo substitution in both groups.
Abstinence symptoms were rated using the Fibicoff Abstinence
Rating Scale (Ra Rs >) for the next ten days. Results: Results to date
indicate that FLU was well tolerated in these BZ dependent Ss when
given after PBS. RARS scores after BZ discontinuation peaked as
expected at 2-3 days in both groups but are approximately 50%
lower in the FLU-treated Ss. "Escape” medication doses were lower
for FLU (O.6+O.9 mg ALP equivalent/lOd) than for PLA (3.2+3.1 ng)
Ss. Discussion: These results suggest that FLU in a single dose
when adminirtered with PBS maybe able safely to reduce
established BZ dependence in man. Further research is needed to
investigate dose-response relationships.
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824.14
THE EFFECT OF INTRA-AMYG DALOID ADMINISTRATION OF
FLUMAZENIL IN DIAZEPAM-DEPENDENT RATS. J.W. SLOAN*.
E.P. Wala. X. Jing. Dept, of Anesthesiology, College of Medicine, Univ.
of KY., Lexington, KY 40536
The amygdala is an important brain site for the anxiolitic and
anticonvulsant actions of benzodiazepines (BZS). Autoradiographic
studies indicate a high density of BZ receptors (BZR) (predominantly
type-2) in the basolateral amygdaloid nuclear complex. The aims of the.
present study were to test the ability of the BZR antagonist, flumazenil
(FLU), to precipitate an abstinence syndrome in the ventromedial lateral
(LaVM) and basolateral (BLA) amygdaloid nuclei in diazepam (DZ)dependent rats. The rats were exposed for 3 wks to DZ (540 mg/wk)
slowly released from subcutaneously implanted silastic capsules. FLU (25
ug) and DMSO vehicle were microinjected into LaVM (AP=5.7; RL=4.8;
V=2) (n=6) and BLA (AP=5.7; RL=4.8; V=l)(n=5). The abstinence signs,
behavioral activities and EEG were recorded for 10 min before and 40
min after microinjections. The Precipitated Abstinence Score (PAS),
Behavioral Score (BS) and the changes in Total Power (TP) of the EEG
recorded at the sites of microinjections were determined. FLU did not
produce either a significant PAS or a significant BS in BLA and LaVM.
FLU evoked clonic convulsions (1 rat) and twitches and jerks (P<.05) in
BLA. No signs of abstinence were precipitated by FLU in LaVM. FLU
tended to increase TP of low and high frequency bands in BLA but not
in LaVM. DMSO did not alter TP in BLA and LaVM. The present data
indicate that except for convulsive signs a surprisingly mild abstinence
was evoked by FLU in both nuclei of lateral amygdala in rats dependent
on DZ. (supported by NIDA grant DA02195)

824.15

824.16

INTRATHECAL (IT) ADMINISTRATION OF FLUMAZENIL AND
PK11195 PRODUCE AN ABSTINENCE SYNDROME IN
DIAZEPAM-DEPENDENT RATS. E.P. Wala,* J. W. Sloan. X. Jing.
P.H. Holtman, Dept. of Anesthesiology, College of Medicine, Univ. of
KY., Lexington, KY 40536.
The actions of central and peripheral benzodiazepine receptor
(BZR) antagonists, flumazenil (FLU) and PK11195 (PK), at the spinal
level were determined in rats subcutaneously implanted for 3 wks with
silastic capsules filled with diazepam (DZ) (540 mg/wk). Control rats
were exposed to empty capsules. The rats were implanted with EEG
electrodes into the ventral thalamic nucleus (Th), CA1 area of
hippocampus (H) and parietal (PC), frontal (FC) and cerebellar(CbC)
cortices and with an intrathecal (IT) catheter into the spinal
subarachnoid space (vicinity of T-12). After recovery, FLU (0.1
mg/kg), PK (0.05 mg/kg) and vehicle were injected (l Oul) IT. The EEG,
abstinence signs and behavioral activities were recorded. The
Precipitated Abstinence Score (PAS), Behavioral Score (BS) and
changes in Total Power (TP) for slow (4-12Hz) and fast (18-26Hz)
frequency bands were determined. Intrathecal FLU and PK
precipitated a significant PAS but not a significant BS in DZ
dependent rats. Intrathecal PK decreased TP of fast waves in Th,H,PC
and CbC but not in FC. FLU did not alter TP. In control rats PAS, BS
and changes in TP were not significant. Thus, in the spinal cord both
central (predominantly type-2) and peripheral BZR are involved in
dependence on DZ as indicated by the PAS produced by FLU and PK.
The lack of effect of IT FLU on EEG may be related to the low density
of type-1 BZR in the spinal cord. (NIDA grant DA02195).

CONTINGENT TOLERANCE, BUT NOT WITHDRAWAL SYMPTOMS, IS
MAINTAINED FOR 14 DAYS WITHOUT TREATMENT FOLLOWING
DIAZEPAM EXPOSURE IN KINDLED RATS. Kiopin, T.E.*1. St. Denis. MA

824.17

convulsive stimulation (vehicle-control group). Then, all rats received convulsive
stimulations 1 hr following diazepam (tolerance test) and 1 hr following vehicle
(stimulation tests). Consistent with previous reports, tolerance to diazepam’s
anticonvulsant effects was contingent upon receiving a convulsive stimulation during
drug exposure--only drug-before rats were tolerant. However, both the drug-before
and drug-after groups displayed significant withdrawal effects as demonstrated by
increased duration and severity of convulsions on stimulation tests-larger withdrawal
effects were displayed by the drug-before rats than the drug-after rats. Following a
14-day retention interval (without drug or stimulation), all rats received a second
series of tolerance and stimulation tests. As previously reported, contingent tolerance
was still present in drug-before rats. However, neither the drug-before nor the drugafter rats displayed any evidence of withdrawal effects. The finding that contingent
tolerance, but not withdrawal effects, was maintained over the retention interval
suggests that different mechanisms underlie these phenomena.

824.18

EFFECTS of DIAZEPAM on GABAa RECEPTOR FUNCTION IN
THE TOLERANT AND WITHDRAWAL RATS. S. Toki. T. Saito*. A.
Naheshimn H. Ozawa. S. Hatta1. M. Watanabe. and N. Takahata
Department of Neuropsychiatry and Pharmacology! School of Medicine,
Sapporo Medical University, Sapporo, 060 Japan
Alterations in GABAa receptor function were studied in diazepam
(DZP)-dependent rats. Physical dependence on DZP was induced in male
Fischer rats by the drug-admixed food (DAF) method. Using the DAF
method, severe physical dependence on DZP is characterzed by
spontaneous convulsions during DZP withdrawal developed. In
comparison with control rats, lOpM GABA-dependent^Cl" influx in
withdrawal rats was significantly increaced, whereas there was no
significant difference between the tolerant and control rats. While
enhancement of GABA-dependent ^CT influx by the addition of EtOH
and flunitrazepam (FZ) was recognized in the control, there was no such
effect of EtOH or FZ in the DZP-tolerant animals. On the other hand,
GABA-dependent ^CT influx was enhanced by FZ in the withdrawn
group. In a pH] FZ binding assay to benzodiazepine (BZ) receptors,
Bmax values were significantly increased in DZP-withdrawn animals, but
decreased in the DZP-tolerant group as compared with the control. When
[3H] muscimol binding was examined, the Kd of high affinity sites of the
GABAa receptor in withdrawn rats was significantly lower than in the
control. In low-affinity binding sites, the values of Kd and Bmax were
significantly decreased as compared with those in the control. The present
study indicates that GABAergic transmission involving the regulation of
GABA-dependent chloride channels is altered in DZP-dependent rate.

Society

Kalvnchuk. L.E.2. & Pinel. J.P.J.2 1. Centre for Studies in Behavioral
Neurobiology, Concordia Univ., Montreal, Que; 2. Dept of Psych, Univ. British
Columbia, Vancouver, B.C.
Tolerance to a drug’s effect and symptoms of withdrawal are often considered to be
different manifestations of the same underlying mechanisms, however, few adequate
attempts to dissociate these phenomena have been made. In the present study,
amygdala-kindled adult male Long-Evans rats were used to examine tolerance to the
anticonvulsant effects of and symptoms associated with withdrawal from diazepam
(2.5 mg/kg). Following kindling, rats were divided into three groups. On each of
10 treatment trials, rats received either diazepam 1 hr before (drug-before group) or
after (drug-after group) a convulsive stimulation or vehicle 1 hr before or after
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GENDER-SPECIFIC CHANGES IN CRF CONTENT AND CORTICOSTERONE
LEVELS FOLLOWING CHRONIC BENZODIAZEPINE EXPOSURE IN RATS.
M. A. Wilson* ann R, Biscardd Department of Phannacolooy, Univ. Soout
Carolina School of Medicine, Columbia, SC 29208.
Acute stress induces sex-specific changes in GABA/bnnzndiaznpinn (BZ)
receptors and corticosterone release in rats. Gender-related differences have also
been observed in GABA7BZ responses after chronic benzodiazepine exposure. The
present study compared changes in CRF content and corticosterone release
following benzodiazepine exposure in ovariectomized female (OVX) and shamoperated male rats. After treatment with vehicle or diazepam-filled (DZ) silastic
capsules for 3 days (acute) or 3 weeks (chronic), CRF content in punches from
eight brain areas and serum corticosterone were determined in groups of unstressed
(habituated to sacrifice procedures) and swim-stressed (10 min prior to sacrifice)
rats. In OVX females, acute and chronic DZ exposure attenuated the stress-induced
increase in corticosterone by 31 % and 32%, respectively (F = 13, p< 0.002 for DZ
effect). Males showed nonsignificant decreases in corticosterone levels (15%) after
acute and chronic DZ exposure. Chronic diazepam exposure significantly increased
CRF content in amygdala of unstressed OVX females, but not males (F=8,
p=0.01 for sex-DZ interaction). Median eminence levels of CRF were reduced by
chronic DZ treatment in unstressed males, but not in OVX females (F=6.5,p=0.02
for interaction). Several brain areas (arenatic area, locus coeruleus, paraventricular
nucleus) showed male-OVX differences in CRF levels, but no effect of DZ
exposure. CRF content in some areas was not altered by gender or DZ treatments.
The results suggest BZ agonists attenuate stress-induced corticosterone release to
a greater degree in females than males, but that tolerance does not develop to this
effect. Chronic benzodiazepine exposure appears to modulate CRF content of
certain brain areas in a gender-specific manner. (Support: DA05932 to MAW).
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824.19

824.20

DRUG DISCRIMINATION ANALYSIS OF PARTIAL AGONISTS
AT THE BENZODIAZEPINE (BZ) MODULATORY SITE. N, A,
Ator*, M. A. Kautz. C. A. SannerudX and R. R. Griffiths. Johns
Hopkins Univ. Sch. Med. and ^Natl. Inst, on Drug Abuse, Balt., MD
21224.
The discriminative stimulus effects of partial agonists at the Bz site
were studied in rats and baboons trained to discriminate Bz or
pentobarbital. In a two-iever drug versus no drug procedure,
bretazenil, imidazenil, and U-78875 reliably occasioned drugappropriate responding in animals trained to discriminate diazepam and
pentobarbital but there was less reliable generalization in animals trained
to discriminate lorazepam. In rats trained to discriminate two doses of
midazolam under a three-lever procedure, bretazenil occasioned 100%
drug-appropriate responding only on the lever paired with the 0.32
mg&g dose but not the 3.2 mg/kg dose. In rats trained to discriminate
lorazepam from pentobarbital under a three-lever procedure, imidazenil
occasioned responding on both drug-paired levers; although, across the
dose range, responding was higher on the lorazepam lever for rats
trained to discriminate lorazepam first and pentobarbital second. In
interaction studies in rats, U-78875 antagonized the effects of
lorazepam, had little effect on diazepam, and potentiated the effects of
pentobarbital. There appeared to be a behavioral component to the
ability of U-78875 and bretazenil to antagonize lorazepam's effects in
baboons: the compound antagonized lorazepam when the baboon did
not generalize to it but potentiated lorazepam if the partial agonist shared
discriminative effects with lorazepam. Supported in part by NIDA
DA04133.

ALPRAZOLAM DEPENDENCE PREVENTED BY SUBSTITUTING WITH THE BCARBOLINE ABECARNIL G. Pinna. R. Galici. H.H. Schneider. D.N. Stephens* and
L. Turuki. Resesrah Labaratoriesof ScSering AG, D-1334212erlin, Germana.
Abrupt termination of the treatment of humans with benzodiazepines (BDZs) leads,
to a rapid-onset discontinuation syndrome. For this reason, there is considerable
interest in discovering means of weaning patients away from BDZs without the risk of

discontinuation syndrome. We have employed methods for electroencephalograpHc
(EEG) monitoring of seizures, for electromyographic monitoring of muscle tone, and
for detecting anxiety-like behavioral changes after discontinuation of lonA-trim
treatment with sedative drugs in mice for controlled and standardized assessment of
dependence liability of alprazolam. Alprazolam, a BDZ with a short half-life, was
chosen because it has replaced diazepam as the most prescribed anxiolytic drug since
the end of eighties. Male NMRI mice, 20-24 g, were subjected to s.c. injections of 6
mg/kg of alprazolam or vehicle given twice daily for 32 days. Lang3teim treatment
with alprazolam led to a rapid loss of its depressant action on exploratory activity in
non-habituated mice. Monitoring of withdrawal signs started on the day following the
last administration of alprazolam or vehicle. The intensity of the discontinuation
syndrome (EEG seizures, rigidity, anxiety) increased slightly over first 2-4 days of
withdrawal, the symptoms were most pronounced during the next 7-34 days, and
abated slowly up to withdrawal days 23-28. Replacement of alprazolam treatment with
the S-carbonne selective agonist abecamil (6 mg/kg/d for 7 d) prevented the occurrence
of withdrawal signs; when replacement treatment with abecamil was subsequently
terminated no signs of dependence were detected. Replacement of alprazolam
treatment with the B-carboline antagonist ZK94426 (ethy^-isopropoxy^-methyl-Bcarbaline343earraxylate; 20 mg/kg/d for 7 d) did not prevent the discontinuation
syndrome. Replacement therapy with abecamil after long-term treatment with the
BDZs offers novel method for rapid tapering. The use of the BDZ antagonists for
tapering long-term treatment with BDZs is not justified by the experimental data.

824.21
NATURALLY OCCURRING BENZODIAZEPINE-LIKE COMPOUNDS IN
FOOD AND PLANTS: THEIR IMPLICATION IN HEALTH AND DISEASES. IL
Avallone. L. Corsi. D. Braghiroli. C. Parenti. M. Pi Bella.. I Venmijin0, M.L.
Zenernli0 and M. Baraldi*. Depts of Pharmaceutical Sciences and of Internal
Medicine0, Modena University, Italy.
Since the identification of the Benzodiazepine (Bz) receptors many studies have
been performed to search for natural Bz receptor ligands for these recognition sites.
Many substances have been found to act either specifically or nonspecifically at Bz
receptors. Recently, however, some investigators have described the presence of
Diazepam, Nordiazepam and other halogenated Bz in human and animal brain tissues.
Several authors gathered further chemical evidence of the presence of Bz and
metabolites in natural sources like serum and milk. Since synthetic pathway for the
production of halogenated Bz are not yet found in animal tissues, it is likely to surmize
that these Bz are of exogenous source. The presence of halogenated Bz have been
described in plants and in food. It must be stressed however that there are also other
Bz-like compounds, and among them the so called "endozepines” which are
nonhalogenated substances, which are still poorly characterized. Herein we report that
using extraction protocol, HPLC purification, receptor binding displacement and
selective antibenzodiazepine antibody we identified several Bz-like compounds in
foods such as carobs and potatoes and in medicinal plants such as Matricaria
Chamomilla with mean concentrations of 0.5 - 2 ng/g depending on the analyzed part
of the vegetable. The presence of Bz-like compounds detected in plants, food stuffs
and milk seems to support the hypothesis that exogenously supplied Bz-like compounds
could be regarded as exogenous agents which when introduced through the alimentary
chain subserve the function to basically activate the Bz receptors for their physiological
function. There are however pathological conditions where Bz compounds have been
found to accumulate because of the altered metabolism by the liver such liver cirrhosis
and fulminant hepatitis. In these pathological conditions we know that caution must
be taken to avoid the administration of commercial Bz due to an increased GABAergic
tone. The data presented indicate also that the administration of food containing
natural Bz must be avoided in order to prevent the occurrance of episodes of
encephalopathy in patients with severe liver diseases.The rise of Bz in plasma and in
brain might play a role as precipitating factor of hepatic encephalopathy.
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825.2

CHARACTERIZATION OF CHLORIDE EFFLUX FROM GT1-7 NEURONS: LACK
OF EFFECT OF ETHANOL ON GABAa RESPONSE AT 4» C. M.A. Javors*. T.S.
King. X. Chang. C. Levinson, and M.K. Ticku. Departments of Psychiatry,
Pharmacology, Physiology, and C&SB, University of Texas HSC, San Antonio,
TX 78284.
GT1-7 hypothalamic neurons, which synthesize and secrete GnRH
(gonadotrophin releasing hormone), were immortalized from transgenic mice
and have been shown to express functional GABAa receptors. Our previous
experiments showed that stimulation of these receptors with muscimol
produced an increase of cytosolic [Ca?* and the release of GnRH. Our
previous experiments also showed that ethanol enhanced GABAa -mediated
increase in [Ca2+] despite the fact that GT1-7 neurons do not express a y
subunit. GT 1-7 neurons were grown to confluence in 300 mm diameter
culture dishes and loaded with ^chloride overnight The next morning cells
were washed 'extensively. The extracellular medium was then sampled to
determine chloride efflux. Our results show that chloride efflux increased with
increased temperature (tested at 4°, 24°, and 47° C; 4° C was used' for the rest
of our experiments to minimize background). DIDS, an inhibitor of anion
exchange, reduced chloride efflux by 65% with an IC5O of 300 gM.
Bumetanide, an inhibitor of Na:K:2Cl eotranspart, had no effect on chloride
transport at concentrations up to 200 gM. Muscimol, a GABAa agonist,
stimulated chloride efflux with an IC5O equal to 0.5 gM. Bicu^l^ne, a GABAa
antagonist, reversed the muscimol effect with an IC5O of 34 gM. Ethanol (46
mM) had no effect on muscimol-induced chloride efflux at 0.5, 3.0, and 30 gM
muscimol. Our results suggest that stimulation of GABAa receptors causes an
efflux of chloride from GT1-7 neurons. The lack of an effect of ethanol under
these conditions (4® C) is consistent with the current hypothesis that a y
subunit may be necessary for the effects of low concentrations of ethanol at
GABAa receptors. (Supported by NIAAA grant AA10132.)

EVALUATION OF THE DISCRIMINATIVE STIMULUS EFFECTS OF
GABAERGIC DRUGS IN MUSCIMOL-TRAINED RATS. Hendree E.
Tones and Robert L. Balster*. Department of Pharmacology and
Toxicology, Medical College of Virginia, Richmond, VA 23298-0310.
The discriminative stimulus effects of GABAergic drugs were
evaluated in rats trained to discriminate the direct GABAa agonist,
mucimol (1.0 mg/kg I.P.), from saline under a two-lever fixed ratio (FR)
32 schedule of food reinforcement. Another direct GABAa agomst, THIP,
produced full substitution for muscimol. Diazepam, an allosteric
modulator of GABA-meiiated postsynaptic inhibition, yielded a
maximum of 54% muscimol-lever responding at a dose which decreased
rates of responding. Partial substitution for mu:cimol (maximal levels of
71*% muscimo--lever responding) was also produced by the GABA agonist
progabide. The GABA uptake inhibitor, tiagabine, produced no greater
than 48% muccimol-lever responding. Valproic acid, a reversible GABA
transaminase inhibitor, failed to substitute for mucimol and vigabaerin,
an irreversible GABA tiansaminase iin^^it?itcr, yielded a maximal 46%
muscimol-levee responding.
These results demonserate the
phar-nscolodical specificity of muscimol discrimination by showing tliat
only direct agonists for the GABA site? on the GABAa receptor complex
produce full substitution. GABA agonists acting by other mechanisms can
be distinguished from mucimol and THIP in this procedure. (Research
supported by NIDA grants DA01442 and DA-05665L
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CHARACTERIZATION OF GLUTAMIC ACID DECARBOXYLASE PROTEIN
FUNCTION AND mRNA CONTENT IN GENETIC MODELS OF SEVERE OR
MILD WITHDRAWAL NEUROEXCITABILITY. K.J. Buck*. T. Lischka and
D. Wu. Department of Medical Psychology, Oregon Health Sciences University,
Portland, OR 97201-3098, USA.
Physical dependence and withdrawal from ethanol and other central depressants
shows the influence of heritable factors, but none of the genes responsible has been
identified. By association and interval mapping, we identified a quantitative trait
locus (QTL) which accounts for more than 40% of the genetic variance in ethanol
withdrawal neuroexcitability in C57BL/6J (B6) X DBA72J (D2) recombinant inbred
(BXD RI) strains. Analyses using a B6D2F2 intercross confirmed that a QTL
affecting withdrawal severity is linked to the microsatellite marker D2Mit9, which
localizes to the same region of chromosome 2 as Gad-] (37-43 cM). Gad-1 encodes
glutamic acid decarboxylase (GAD), which catalyzes the rate limiting step in the
synthesis of the major known inhibitory neurotransmitter y-aminobutyric acid
(GABA). Numerous studies have implicated the synaptic actions of GABA in
neuroadaptation to ethanol associated with physical dependence and withdrawal.
DBA/2J mice are a well characterized genetic animal model expressing severe
ethanol dependence and withdrawal neuroexcitability, whereas B6 have mild
withdrawal reactions. We found that D2 mice demonstrate lower GAD enzyme
activity as compared to B6 mice. Northern blot analyses using RNA isolated from
ethanol-naive and ethanol-dependent B6 and D2 mice show that GAD mRNA content
(3.7 kb and 5.7 kb isoforms, encoded by Gad-1 and Gad-2, respectively) is regulated
by chronic ethanol treatment. These results indicate that genetic differences in
ethanol withdrawal neuroexcitability may be mediated, in part, by differences in GAD
expression and function. (Supported by NIH grants ROl AAO6243, POl AA08621,
and T32AA07468)

825.5

increases
GABAa
RECEPTOR-MEDIATED
CURRENTS IN CEREBELLAR PURKINJE NEURONS IN RAT
BRAIN SLICES. W.R. Proctor* and T.V. Dunwiddie. Dept. Pharmacol.,
Univ. Colo. Hlth. Sci. Ctr. and Vet. Adm. Med. Ctr., Denver, CO
This study was designed to determine if GABAergic responses evoked in
cerebellar Purkinje cells are modulated by ethanol, and to further examine
the cellular mechanisms that might be involved. Brain slices were prepared
from the cerebellar vermis, maintained under in vitro conditions, and
Purkinje neurons were readily visualized using DIC optics. The slices were
stored and recorded at room temperature, drugs were added to the
superfusing aCSF, and patch electrodes containing K+ or Cs+- 'gluconate
were used while recording in current-clamp or voltage-clamp modes.
Stimulation of the parallel fibers in the molecular layer produced either
epsp, ipsp or epsp/ipsp responses. The ipsps were rapidly and reversibly
blocked by 10 pM bicuculline and were usually enhanced (10-30%) by
superfusion of 80 mM ethanol. Epsps and membrane resistance did not
appear to be significantly altered, whereas the spontaneous firing rate was
typically depressed by ethanol. In addition, the local pressure application of
GABA (10 pM) to the proximal dendritic region resulted in outward current
responses that were greatly depressed by bicuculline but were not
significantly affected by ethanol, whether short (5-10 msec) or long (1 sec)
pressure applications were used.
Pretreatment of the slice with the
B-adrenergic agonist, isoproterenol (500 nM), did not seem to enhance the
effects of ethanol. The finding that ethanol enhances bicuculline-sensitive
ipsp responses in Purkinje neurons under these in vitro conditions, suggests
that GABAa receptor-mediated events are involved in ethanol action in the
cerebellum.
Supported by AAO3527 and VA Medical Research Service.

ethanol

825.6

CHRONIC ETHANOL EXPOSURE AND WITHDRAWAL SELECTIVELY
INCREASE DIAZEPAM-INSENSITIVE [3h ]RO 15-4513 BINDING IN
MOUSE CEREBELLUM. H.C. Becker* and M.F. Jarvis. Med. Univ. of

South Carolina and VAMC, Charleston, SC 29425 and Rhdne-Poulenc
Rorer Central Research, Collegeville, PA.
The partial benzodiazepine inverse. agonist, RO 15-4513 has been shown
to block some behavioral and biochemical effects of ethanol (EtOH).
[ H]RO 15-4513 labels two classes of recognition sites in the mammalian
cerebellum, a diazepam-sensitive (DZ-S) site and a diazepam-insensitive
(DZ-IS) site that may represent a novel subtype of the GABAa receptor.
The present studies were conducted to examine the effects of chronic EtOH
exposure on both total and DZ-IS [ H]RO 15-4513 binding in cerebellum
from C3H mice. Mice received either 64 hr EtOH intoxication via inhalation
chambers (BEC = 165-185 mg/dl) or no EtOH exposure. Mice were
sacrificed at the end of the EtOH exposure (HR 0) or 8 hours postwithdrawal (HR 8). Ligand saturation studies (0.3-50 nM) were conducted
on pooled cerebellar tissue from 3-4 mice. In control mice, the binding
parameters for [ H]RO 15-4513 were Kd = 3.9 ± 1.1 nM, Bmax = 3220 ±
300 fmol/mg protein. The binding parameters for [3h ]RO 15-4513 in the
presence of 10 pM DZ (DZ-IS) were Kd = 3.0 ± 0.4 nM, Bmax = 953 ± 108
fmol/mg protein. Neither EtOH intoxication (HR 0) nor EtOH withdrawal (HR
8) significantly altered total [3h ]RO 15-4513 binding in the mouse
cerebellum.
However, DZ-IS [3h ]RO 15-4513 binding density was
significantly increased (60%) by EtOH intoxication and by (75%) EtOH
withdrawal. These results suggest that chronic EtOH exposure and
withdrawal selectively increases DZ-IS [3h ]RO 15-4513 binding sites in
mouse cerebellum. These data agree with other studies indicating an
increase in mRNA and protein levels for the a6 subunit, which encodes DZIS RO 15-4513 binding at GABAa receptors in cerebellum.
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825.7

CHRONIC ETHANOL TREATMENT DECREASES CENTRAL-TYPE
BENZODIAZEPINE RECEPTORS IN RAT BRAIN. X. Ren. S.C.Pandev.
M.R.Piano, J.M.Davis*. G.N.Pandev. Department of Psychiatry, University
of Illinois at Chicago, IL 60612.
The benzodiazepine receptor is an allosteric modulatory site present on
most gamma-aminobutyric acid (GABA) receptor channels. Several lines
of evidence suggest that some of the central effects of alcohol may be
mediated by the GABA-benzodiazepine-chloride channel receptor
complex. The results of benzodiazepine receptor studies in the brain after
chronic ethanol exposure appear to be inconsistent. To further examine
the role of central benzodiazepine receptors in alcohol dependence, we
studied the effect of 60 days of ethanol treatment on central
benzodiazepine receptors in the rat cortex. Male Sprague Dewley rats
were fed the Lieber-Decarli liquid diet containing ethanol (9% v/v) or
control liquid diet for 60 days. Rats were sacrificed and cortices were
separated out for measurement of binding indices of central
benzodizepine receptors by binding techniques using [3H]-R015-1788 as
ligand. We observed that maximum binding sites (Bmax) of [3H]-R015-1788

binding (763 + 75 fmol/mg protein) were significantly lower (26%) in the
cortex of ethanol-fed rats compared to Bmax (1026 + 104 fmol/mg protein)
in the cortex of pair-fed control rats. There were no significant changes
in Kd values among the groups. These results suggest that decreased
central benzodiazepine receptors may be involved in the process of
alcohol dependence.

825.8

THE IMIDAZOBENZODIAZEPINE INVERSE AGONIST RO19-4603
(ROI9) ATTENUATES ETHANOL (EtOH) ORAL SELFADMINISTRATION (OSA) IN SPRAGUE-DAWLEY RATS.
G. G. Blaklev*. M. E. Paterson. H. L. June, and M. J. Lewis
Neurobehavioral Laboratory, Dept. of Psychology, Temple University,
Philadelphia, PA 19122 and IUPUI, Indianapolis, IN 46202
Benzodiazapine (BDZ) inverae-agonists have been reported to antagonize
several of EtOITs actions including its reinforcing properties. RO19 is a
potent inridazo^nzodiazepine inverse agonist. Although having a half-life

of 15-60 min, a single dose of ROI9 has been reported to suppress EtOH
OSA in alcohol preferring (P) and non-preferring (NP) rats for as long as
32 hrs. The present experiment examined the effect of ROI9 upon OSA

of EtOH in a limited access paradigm in randomly bred, free-feeding
Sprague-Dawley rats. Animals were given daily, 1 hr concurrent access
to HO and gradually increasing EtOH concentrations (1%-10%) (v/v).
After stable preference of a 10% solution was established, animals were
pretreated with i.p. injections of O.TTgkg, O.O25fgkg O.O75jgkg, and
O.15Og/kg of ROI9. ROI9 showed a dose-dependent attenuation of
EtOH consumption over several hours. These data are consistent with
previous research on ROI9 in selected rats and suggest that brief
occupation of GABAa /BDZ receptor rites by such compounds may alter
EtOH reinforcement. (Supported in port by AAO6263 and RR08016 and
Temple University.)

Society

ALCOHOL VI

for

Neuroscience , Volume

21, 1995

ETHANOL SUBSTITUTES FULLY FOR A DIAZEPAM-KETAMINE
MIXTURE.
J. Jenkins. Y. Eoilmez. B. Rocha and M. Emmett-Oglesbv*. Dept
Pharmacology, University of North Texas Health Science Center,
Fort Worth, TX 76107
When ethanol (EtOH) is trained as a discriminative stimulus,
drugs that enhance GABAergic neurotransmission (e.g., diazepam,
DZP), and drugs that uncompetitively antagonize glutamate
neurotransmission at NMDA receptors (e.g., ketamine, KET),
substitute for EtOH. However-, when drugs from either of these
classes are trained as discriminative Stimuli, EtOH fails to substitute
fully for either type of drug. The present study tested the
hypothesis that in rats trained to discriminate a mixture of DZP (5.6
mg/kg) and KET (10 mg/kg) from saline, EtOH would substitute
fully for this training mixture. The mixture was trained using a twolever choice procedure in which food served as a reinforcer under a
fixed-ratio 10 schedule. After the discrimination was acquired,
dose-effect testing showed full substitution with: the mixture, DZP
alone, KET alone, pentobarbital, chlordiazepoxide, dizodlpine and
EtOH. These data support the hypothesis that simultaneous
activation of GABAergic neurotransmission and blockade of
glutamate neurotransmission are critical in producing an EtOH life
stimulus. Supported by R01 AA9378.
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SELECTIVE DRUG ANTAGONISM BY LOW LEVEL HYPERBARIC
EXPOSURE SUGGESTS A NEW HYPOTHESIS FOR ETHANOL'S INITIAL
SITES OF ACTION: ALLOSTERIC MODULATORY PATHWAYS IN
LIGAND GATED ION CHANNELS. R.L. Alkana». D.L. Davies. M.B. Bolger
and RD. Brinton. Alcohol and Brain Research Lab., Department of Molecular
Pharmacology and Toxicology, School of Pharmacy, University of Southern
California, Los Angeles, CA90033.
Exposure to low level hyperbaric (^_12 times normal atmospheric pressuroATA) helium-oxygen -gas (heliox) antagonizes a broad spectrum of ethanol's
acute and chronic behavioral effects. Considerable evidence indicates that the
antagonistic mechanism is direct and meets predictions based on a competitive
pharmacological model. Our recent in vtvo and in vitro work found that
pressure antagonism is selective: exposure to 12 ATA antagonized the effects
of drugs whicn act through allosteric modulation of GABAa receptors (ethanol,
n-propanol), but did not antagonize the effects of drugs that act via high
affinity binding as direct agonists or channel blockers (e.g., GABA, picrotoxm
and morphine). This work also demonstrated that pressure antagonized
allosteric modulatory drugs (diazepam and pentobarbital) that initiate their
allosteric effects by nigh affinity bunding. This selective pattern of pressure
antagonism, taken in context with; 1) the similar
behavioral and
pharmacological profiles for ethanol, diazepam and pentobarbital and 2) the
mechanistic link for these drugs to allosterically mediated potentiation of
GABAa receptor function, suggests structural or functional elements that
represent Hkel^ targets for ethanol's initial actions. These sites are the allosteric
modulatory pathways which transduce binding events on ligand gated ion
channels. The characteristics that make an allosteric pathway sensitive to
ethanol may be unique to specific binding sites within a ligand gated ion
channel (e.g., GABAJ or may extend to other ligand gated ion channels
sensitive to ethanol (e.g., NMDA and/or 5HT3). Our current research is
directed toward testing this hypothesis (Supported by NIH, NIAAA research
grants AAO3972 and AAO5234).

825.11

THE EFFECTS OF LOW LEVEL HYPERBARIC EXPOSURE ON 4,5,6,7TETRAHYDROISOXAZOLO-PYRIDIN-3-OL (THIP)-, PENTOBARBITALAND ETHANOL-INDUCED LOSS OF RIGHTING REFLEX DURATION IN
MICE. D.L. Davies*. A. Manolescu. N,M. Pecolatto. LA. McCuin and R.L.
Alkana.
Alcohol and Brain Research Lab., Department of Molecular
Phar^^^iogy and Toxicology, School of Pharmacy, University of Southern
California, Los Angeles, CA 90033.
Exposure to 12 atmospheres absolute (ATA) helium oxygen gas (heliox)
antagonizes behavioral effects of ethanol, n-propanol and diazepam, but not
morphine, isoniazid, picrotoxin and d/allylglydne. Recent biochemical studies
found that exposure to 12 ATA heliox antagonized ethanol-potentiation of
GABA-activated “Cl uptake in mouse cerebrocortical membrane vesicles
(microsacs) without altering GABA-activation per se. The pattern of the
antagonism indicates., that exposure to 12 ATA heliox acts in a selective manner
on drugs that act through allosteric modulation. The present study further
investigates the selectivaly of low level hyperbaric exposure. C57BL/6J mice
were injected ip. with 55 mg/kg THIP (GABA agonist), 60 mg/kg pentobarbital
(GABAa receptor allosteric modulator) or 3.6 g/kg ethanol. When LORR
occurred, the mice were placed in cylindrical, stainless steel 18 liter hyperbaric
chambers and exposed to either 12 ATA heliox or to control atmospheric
conditions of 1 ATA air and/or 1 ATA heliox at ambient temperatures selected
to offset drug- and helium-induced hypothermia. Exposure to 12 ATA heliox
significantly reduced LORR duration induced by pentobarbital and ethanol but
did not signifcantly reduce LORR duration induced by THIP. These results
add to the evidence that low level hyperbaric exposure selectively antagonizes
the effects of drugs which act through allosteric modulation of GABAa
receptors (e.g., ethanol, diazepam and pentobarbital) but does not antagonize
the effects of drugs that act via high affinity binding as direct agonists or
channel blockers (e.g., GABA, picrotoxin axi morphine) and suggest that
allosteric modulating pathways which transduce binding events on GABAa
and other ligand-gated ion channels may represent initial sites of action for
ethanol. (Supported by NIAAA grant AAO3972).

825.12

quantitative
autoradiographic
analysis
of [’himksoi binding
to nmda receptors
in brains
of
rodents
differentially
sensitive
to
ethanol . m.j . velardo* and n .r . Zahniser.

Neuroscience Program and Dept. of Pharmacol., Univ. Colo. Health
Sci ctr., Denver, co 80262.
initial sensitivity to ethanol has been linked to its action at
several classes of brain ligand-gated ion channels.
At low
concentrations, ethanol inhibits the actions of glutamate at Nmethyl-d-aspartate (NMDA) receptors.
Therefore, the analepsis
observed in response to ethanol may be mediated, at least in
part, by NMDA receptors. Long sleep (LS) and short sleep (SS) mice
and high alcohol sensitivity (HAS) and low alcohol sensitivity (LAS)
rats have been selectively bred to exhibit differential initial
sensstivity to the hypnotic effects of ethanol, using these rodent
lines, specific binding of a K< concentration of !3himk 801 (10 nM)
was determined using quantitative autoradiography. Assays
contained saturating concentrations of glutamate, glycine, and
spermine in the presence of EDTA. in the mice, specific I3H1MK8O1
binding in hippocampus was twice that in cerebral cortex,
whereas in the rats, binding in the two brain regions was
equivalent. Surprisingly, the ethanol-insensitive SS mice showed
higher binding (10-20%) in both hippocampus and cortex. No
differences were observed between the HAS and LAS rats in either
brain region.
Our results suggest that differences in NMDA
receptors exist in specific regions of LS and ss mouse brain.
However, the has /las rat results weaken the association between
the observed differences in (3himk 801 binding sites and initial
ethanol sensitivity. (Supported by AA 03527)

WITHDRAWAL FROM CHRONIC ETHANOL EXPOSURE INCREASES
SENSITIVITY TO N-METHYL-D-ASPARTATE (NMDA) IN RAT NUCLEUS ACCUMBENS NEURONS.
Z, Nig. S,Q, Madamba, and G, R, SiggiPS^ Dept, of Neuropharmacology
and Alcohol Research Center, The Scripps Research Institute, La Jolla, CA
92037.
.
Behavioral studies suggest that the nucleus accumbens (NAcc) is a brain
area involved in the rewarding effects of ethanol (EtOH). We recently
reported that low EtOH concentrations decreased NMDA-induced currents
in NAcc core neurons in vitro (Nie et al., JPET 271:1566, 1994). Several
lines of evidence suggest that chronic EtOH treatment alters NMDA
function. To determine whether such treatment alters NMDA receptor
sensitivity in NAcc neurons, we used voltage-clamp recording in a rat brain
slice preparation to compare the NMDA receptor sensitivity of NAcc core
neurons taken either from rats maintained in ethanol vapor chambers for 3-4
weeks and then withdrawn for 8-12 hours (EtOH treated; mean BALs: 71138 mg%), or from rats held for the same period in chambers without
ethanol vapor (controls). We rapidly superfused NMDA for 3. min, in the
presence of 10 pM CNQX, 1 pM tetrodotoxin and 30 pM bicuculline to
prevent indirect or non-NMDA responses. We studied 14 cells (mean RMP:
-87; mean spike size: 118 mV). There was no apparent difference in spike
size or RMP between neurons of control and EtOH treated rats. At holding
potentials around -65 mV, 1 pM NMDA superfusion elicited inward currents
m only 1 of 6 NAcc neurons from control slices. However, in slices from
EtOH treated rats, 1 pM NMDA evoked clear, reversible inward currents
(mean: -41 pA) in all 8 neurons studied, and 0.5 pM NMDA evoked -50 pA
inward currents in 1 neuron. These data provide new electrophysiological
evidence that withdrawal from chronic EtOH exposure in NAcc core
neurons increases the responsivity of NMDA receptors, an effect that could
underlie the increased behavioral excitability seen in ethanol-withdrawn
animals.
Supported by NIH grants AA06420 and DAO3665.

825.13

825.14

THE ANTI-CRAVING AGENT ACAMPROSATE ENHANCES NMDAMEDIATED EPSPs IN RAT NUCLEUS ACCUMBENS NEURONS.

THE EFFECTS OF PHENCYCLIDINE ON A MULTIPLE SCHEDULE OF
ETHANOL AND SACCHARIN SELF-ADMINISTRATION. K.L. Shelton* and
R.L. Balster Dept. of Phaimacology/Toxicology, Medical College of Virginia,
Richmond, VA 23298-0310
Antagonism of the NMDA subtype of glutamate receptors has been implicated
in the discriminative stimulus and reinforcing properties of ethanol. Recent
studies have shown that systemic injections of a nonselective glutamate
antagonist and intraaccumbens injections of competitive NMDA antagonists will
decrease ethanol self-administration. We have developed a multiple schedule of
ethanol and saccharin self-administration in which selective drug effects on
ethanol-reinforced responding can be demonstrated. Adult male . Long-Evans rats
were trained using a post-parandial drinking procedure to lever press during daily
60-min sessions for 0.05 ml of 10% ethanol (w/v) and 0.1% saccharin solutions
under an alternating fixed-ratio 4 multiple schedule. The present study was
designed to examine the ability of repeated administration of the noncompetitive
NMDA antagonist, phencyclidine (PCP), to selectively attenuate ethanol selfadministration. Ascending doses of 12 and 4 mg/kg of PCP were given i.p. 15
min prior to the self-administration session for six consecutive days. Six-day
blocks with pre-session saline injections intervened between testing each PCP
dose. Doses of 1 and 2 mg/kg of PCP failed to significantly alter the number of
either PCP or saccharin deliveries. The 4 mg/kg dose of PCP significantly
decreased both ethanol and saccharin self-administration. Levels of saccharin
responding quickly returned to control levels during the saline control sessions
following the 4 mg/kg dose of PCP, however ethanol responding remained
depressed for at least 10 sessions.
These results indicate that systemic
administration of PCP does not selectively attenuate ethanol self-administration,
but a high dose may have selective effects on relapse. We are currently testing
the competitive NMDA antagonist CPPene in the same multiple schedule to
determine if it has effects similar to that of PCP. (Research supported by NIAAA
grants AA-08473, AA-O5357 and NIDA grant DA-01442)

*F, Bcrton. *w, Francesconi. SO, Madamba*. 2W, Zieglgamterger, and

G.R. Siggins. Dept, of Neuropharmacology and Alcohol Research Center,
Research Institute of Scripps Clinic, La Jolla, CA 92037, University of
Pisa, Italy, and Cliinical Inst., Max-Planck-Institute of Psychiatry, D-80804
Munich, Germany.
Acamprosate (calcium acetylhomotaurinate; LIPHA) is a new drug shown
in European clinics to prevent relapse in weaned alcoholics. However, the
mechanisms underlying this action are unclear. Therefore, we studied the
effects of acamprosate in a slice preparation of the nucleus accumbens
(NAcc), a brain region thought to play a role in drug reinforcement. Recent
studies in our laboratory (Nie et al., JPET, 271: 1566, 1994) demonstrated
that ethanol (EtOH) inhibits glutamatergic NMDA- and non-NMDAmediated synaptic transmission in the NAcc. We used current- and voltageclamp recordings of NAcc core neurons and isolated locally-evoked NMDAand non-NMDA glutamatergic EPSP components with 20 pM CNQX and
30-60 pM APV, respectively. Bicuculline 30 pM was also present to block
GABAa receptors. We recorded from 20 neurons with a mean resting
membrane potential (RMP) of -80 mV, mean spike size of 110 mV, and
mean input resistance of 40 MD. Superfusion of 300 pM acamprosate did
not alter RMPs or the input resistance of these neurons. However,
acamprosate significantly increased NMDA-EPSPs and -EPSCs in 70% of
neurons tested (n = 10; F(l,31) = 7.646; p = 0.0096; 3 neurons showed no
effect). In contrast, acamprosate (300 pM) slightly reduced or had no effect
on the evoked non-NMDA EPSPs in 7 cells. Washout of acamprosate
returned both NMDA and non-NMDA EPSPs to control values. These
results are compatible with previous findings in hippocampus (Madamba et
al., in submission) and in cortex (Zeise et al., Eur. J. Pharmacol. 231: 47,
1993) suggesting that the clinical efficacy of acamprosate may result from
modulation of glutamatergic neurotransirassion. Supported by grants from
NIH (AA06420) and Groupe LIPHA (Lyon, France]).
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DISCRIMINATIVE STIMULUS EFFECTS OF THE NOVEL
NEUROSTEROID, CO 8-7071, IN PENTOBARBITAL-TRAINED
RHESUS MONKEYS. J. K. Rowlett* and W. L. Woolverton.
Department of Psychiatry and Human Behavior, University of
Mississippi Medical Center, Jackson, MS 39216.
Co 8-7071 (3a,2--dihydroxy-3pttriflouromethyl-5p-pregmm-2O-one,
21-hemisuccinate) is a water-soluble, orally-bioavailable neurosteroid
pro-drug. The purpose of this study was to assess the discriminative
stimulus (DS) effects of Co 8-7071 in rhesus monkeys (N=2) trained to
discriminate pentobarbital (PB, 10 mg/kg, i.g., 60 min pre-session)
from saline. Lever pressing was maintained under a discrete-trials shock
avoidance schedule of reinforcement (30 trials/day, 30-sec ITI, FR 5).
During test sessions, in which responding on either lever was
reinforced, the monkeys were given PB (3.0-17 mg/kg, i.g., 60 min
pre-session) or Co 8-7071 (3.0-30 mg/kg, i.g., either 60 or 120 min
pre-session). Administration of PB resulted in a dose-related increase
(0-100%) in the percentage of responses emitted on the drug-appropriate
lever with a dose-related decrease in response rate (resp/sec). Co 8-7071
produced drug-appropriate responding in both monkeys, depending on
pre-session time. At 60 min pre-session, Co 8-7071 (3.0-17 mg/kg)
produced a dose-related increase (0-100%) in drug-appropriate
responding in one monkey, but not in the second monkey. At .120 min
pre-session, Co 8-7071 (3.0-30 mg/kg) produced a dose-related
increase (0-100%) in drug-appropriate responding in the one monkey
tested to date. No systematic effects on response rate were seen after Co
8-7071 treatment. These results suggest that Co 8-7071 may share some
DS effects with PB in rhesus monkeys. (Supported by NIDA grant DA09139).

BEHAVIORAL PHARMACOLOGY OF NEGATIVELY-PUNISHED RESPONDING
IN THE RAT. J.M. Rhoads. T.A. Tatham* . Dept. of Psychiatry, Uniformed Services
University of the Health Sciences, Bethesda, MD, 20814.
Behavior may be suppressed by both postive and negative punishment. Positive
punishment consists ofpresentation of response-contingent aversive events such as
shock. In contrast, negative punishment suppresses behavior by response-contingent
removal of access to positive reinforcement (timeout). The effects of CNS drugs on
positively-punished behavior have been extensively characterized, while the behavioral
pharmacology of negative punishment is virtually unknown. This study examines the
effects of drugs on negatively-punished responding with emphasis on uidentifying
similarities and differences in the effects of drugs on responding punished by negative
versus positive punishment.
Initially the lever-pressing of 4 rats was maintained by a fixed-interval (FI) schedule
in which the 1st response after 1 min produced a food pellet. Negative punishment
was subsequently introduced so that every 5th response produced a timeout during
which the response lever was retracted and inoperable, and the 1 -min fixed-interval
timer was paused. After 1 min the lever was re-extended into the chamber, and timing
resumed. Introduction of punishment decreased the reponse rate from .623 responses/
sec to. 168 responses/sec. Once responding stabilized, drugs were administered before
some sessions. The following drugs increased punished responding: the psychomotor
stimulant (/-amphetamine > the sigma and PCP recptor agonist MK-801 (dizolcipine)
> the benzodiazepine chlordiazepoxide. The opiate morphine, the barbituate pentobarbital, and the 5-HTl A receptor agonist 8-OH-DPAT failed to reliably increase
rates. Results resemble those typically obtained with positive punishment in that
responding in both procedures is increased by chlordiazepoxide and MK-801, and 8OH-DPAT and morphine fail to increase rates. However, effects differ in that pentobarbital increases only positively-punished responding, and (/-amphetamine increases
only negatively punished responding. The results suggest distinct pharmacological
profiles for the two forms of punishment despite similarity in their behavioral effects.

825.17

EFFECTS OF CHLORDIAZEPOXIDE AND BUSPIRONE
ON BEHAVIOR SUPPRESSED BY PRESENTATION OF
TIMEOUT FROM FOOD. F.van Haaren* and K.G. Anderson.
Dept. of Psychology, Univ. of Florida, Gainesville, FL 326112250.
Six rats were exposed to a two-component multiple
schedule. In one component (A), lever presses were followed
by pellet presentation on a RI 30-s schedule, in the other
component (B), pellet presentation occured on the same
schedule, but lever presses also resulted in timeout presentation
(10 sec) on a RI 2-s schedule (conjoint RI 30-s food, RI 2-s
timeout). The two components were presented in an A-B-A-BA sequence. Once responding had stabilized subjects were
injected with different doses of chlordiazepoxide (CDP, 1, 3, 10,
17 and 30 mg/kg, IP, -15 min), or different doses of buspirone
(BUSP, 0.1, 0.3, 1.0, 1.7, 3.0 or 4.2 mg/kg, IP, -15 min).
Response rates during the conjoint component of the schedule
were considerably lower than those in the other component.
Low doses of CDP and BUSP produced a small increase in RI
responding. Suppressed responding was greatly increased by
low doses of CDP, but hardly affected, or decreased by low
doses of BUSP. Higher doses of CDP ( = > 10 mg/kg) and

BUSP ( = > 1.0 mg/kg) suppressed responding in both
components of the multiple schedule.

DRUGS OF ABUSE:
826.1

826.2

EFFECTS OF SYSTEMIC AND INTRACRANIAL CAFFEINE ON DOPAMINE
OVERFLOW IN ANESTHETIZED AND FREELY-MOVING RATS: IN VIVO
MICRODIALYSIS STUDIES.
Enrico Museo* and Aau Pert. Biological Psychiatry Branch, National Institute
of Mental Health, Bethesda, MD 20892.
The neurochemical basis of caffeine's psychomotor stimulant actions is not
completely understood. The possibility has been raised that as with other

psychomotor stimulants (eg. nicotine, amphetamine, and cocaine), the
effects of caffeine are in part due to the activation of dopaminergic
substrates. We studied the effects of caffeine on extracellular levels of
dopamine (DA) in the nucleus accumbens of either anesthetized or freelymoving rats. Dialysate samples were collected at 20-min intervals and DA
levels were quantified using HPLC with electrochemical detection. Caffeine
was administered systemically (0, 20 or 40 mg/kg, i.p.) or directly into the
nAcb (0,10,100,1000 pM). In anesthetized rats, systemic administrations
of 40 mg/kg, but not 20 mg/kg, of caffeine increased DA overflow in the n.
accumbens. In unanesthetized rats, however, both doses increased
locomotor output while having no effect on n. accumbens DA. When
administered directly into the n. accumbens caffeine (1 OOOpM) facilitated DA
overflow in unanesthetized as well as anesthetized rats. In the former case,
caffeine also had a locomotor stimulant effect. Even though caffeine can
facilitate DA overflow in the n. accumbens under certain conditions (at high
concentrations or under anesthesia) the relevance of such effects to its
behavioral actions is not apparent. Because systemic injections of caffeine
(20 & 40 mg/kg)had behavioral effects without altering DA overflow, it seems
that caffeines behavioral effects are not dependent on the facilitation of DA

overflow in the n. accumbens.
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NMDA-TYPE GLUTAMATE RECEPTOR INVOLVEMENT IN
CAFFEINE'S LOCOMOTOR STIMULANT EFFECTS AND
TOLERANCE TO THESE EFFECTS. K.R.Powell*and S.G.Holtzman
Dept, of Pharmacology, Emory Univ. Sch. of Med., Atlanta, GA
30322.
The involvement of NMDA-type glutamate receptors in caffeine's
locomotor stimulant effects and the development of tolerance to these
effects was examined in rats. Rats were administered caffeine and
dizocilpine (MK-801), a competitive NMDA receptor antagonist, alone
and in combination. Both caffeine and dizocilpine increased dosedependently locomotor activity in rats. When combined with caffeine,
the highest dose of dizocilpine, that alone did not increase locomotor
activity (0.1 mg/kg), enhanced the locomotor stimulant effects of
caffeine. Lower doses of dizocilpine (0.01-0.03 mg/kg) did not alter the
effects of caffeine. During the tolerance phase of the study, rats were
exposed to caffeine using scheduled access to a caffeinated drinking
solution (1.0 mg/ml) and were implanted with osmotic minipumps (Alzet
Corp.) containing either dizocilpine (0.1 mg/kg/day infusion) or saline
for a period of 7 days. The effects of caffeine on locomotor activity
were examined before, during and following chronic exposure to
caffeine to measure the development of tolerance to these effects.
Dizocilpine did not alter the development of tolerance to caffeine's
effects. These data indicate a supraadditive interaction between the acute
effects of caffeine and dizocilpine and suggest that NMDA-type
glutamate receptors may be involved in the mechanisms underlying
locomotor stimulant effects of caffeine. On the other hand, these data
suggest that NMDA-type glutamate receptors are not involved in the
development of tolerance to caffeine’s locomotor stimulant effects in
rats. (Supported by DA 03413)
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826.3

826.4

VENTRAL PALLIDAL 6-OHDA LESIONS IMPAIR AMPHETAMINE
SELF ADMINISTRATION AND LOCOMOTOR ACTIVITY. N.J. PeSousa.
J.N. Nobrega1, and P.J. Fletcher1*. Dept, of Psych., Univ. of Toronto, Toronto,
Canada, M5S JA1\ and ‘Clarke Inst. Psychiatry, Toronto, Canada, M5T1R8.
Recent studies have suggested a role for the ventral pallidum (VP) in drug self
administration and locomotor activity. However, the possible contribution to these
behaviours of ascending mesopallidal dopamine (DA) neurons has not yet been
evaluated. The present experiments sought to examine the role of VP DA in
amphetamine (AMP) self administration (SA) and locomotion in rats.
Rats were trained to intravenously self administer AMP (50 pg/kg/infusion) on
an FR1 schedule (lhr/day) until response rates had stabilized. Rats were then
treated bilaterally with either intra-VP 6-OHDA (2.4 pg/0.3 pl) or ascorbic acid
vehicle. Immunohistochemical results from pilot studies have indicated reliable
VP DA depletions without affecting DA content in the ventral tegmental area,
frontal cortex, or nucleus accumbens. In expt. 1, following a 1 week recovery
period, animals were again given access to AMP (50 pg/kg/inftision) and allowed
daily 1 hr SA sessions for 10 days. In expt. 2, an AMP (100, 50, 25, 12.5, 6.125,
and 0 pg/kg/infusion) dose response analysis was conducted over the subsequent 6
days. Finally, rats were tested for the expression of AMP-induced (1.0 mg/kg ip)

locomotor activity in photobeam-based activity monitors in expt. 3.
Results from expt. l showed that rats treated with 6-OHDA administered
significantly fewer amphetamine infusions than control animals over the last 5
days of testing. Further, results from expt. 2 revealed that 6-OHDA treated rats
displayed a dampened inverted-U dose response curve, administering significantly
fewer infusions across middle range doses. In expt. 3, results indicated that
animals treated with 6-OHDA were significantly less responsive to the locomotor
activating effects of AMP. These results suggest the involvement of VP DA in the

rewarding and locomotor activating effects of psychostimulant drugs.

826.5

CONDITIONED INCREASES IN MOTOR ACTIVITY AND
DOPAMINE CONCENTRATIONS IN THE NUCLEUS ACCUMBENS
OF THE RAT FOLLOWING REPEATED ADMINISTRATION OF
COCAINE OR {--AMPHETAMINE. R Pi Ciano. C. D, Blaha and A. G.

Phillips* Department of Psychology, University of British Columbia, Vancouver,
B.C., Canada V6T 1Z4
One of the terminal regions of the mesotelencephalic dopamine (DA) pathway,
the nucleus accumbens (N.Acc.), has been implicated in the primary and secondary
reinforcing properties of drugs of abuse. This study demonstrates that repeated
pairings of either cocaine or {/-amphetamine (amph) with a compound environmental
stimulus (odour, light) produced conditioned increases in both locomotor activity and
extracellular DA concentrations in the N.Acc., when rats were exposed to the
compund CS in the absence of the drug. In vivo chronoamperometry was used to
monitor extracellular levels of DA in the N.Acc. Motor activity was recorded as the
number of photocell beam crossings in the test chambers. Compared • to controls, both
cocaine and amph significantly increased motor activity (mean maximum: 880 and
470 photocell counts, respectively) in the first 10 min after drug administration.
Significant increases were also seen in associated DA oxidation currents that
plateaued at 2nA and 3.75nA after cocaine and amph administration, respectively.
When compared to controls, rats that had previously received either cocaine or amph
paired with the CS showed significant increases in motor activity, upon presentation
of the compound CS, that were of comparable magnitude (-200/ lOmin), for animals
treated with either drug. Associated changes in extracellular DA concentrations in
the N.Acc. were significantly elevated ~2O min after presentation of the CS, to levels
between 2-3nA and 3-4nA for the cocaine and amph-treated rats, respectively. The
present experiments provide support for the hypothesis that DA in the N.Acc. is
involved in the conditioned incentive effects of drugs of abuse.

826.6

DOSE-DEPENDENT EFFECT OF METHAMPHETAMINE ON NEUROTENSIN RELEASE IN STRIATUM AND NUCLEUS ACCUMBENS. J.D. Wagstaff*. J.W. Gibb and G.R. Hanson. Dept.of Pharmacology & Toxicology, University of Utah, Salt Lake City, UT 84112
Central neurotensin (NT) systems are thought to play an important
role in the modulation of dopaminergic pathways. Stimulants of abuse
such as methamphetamine (METH) dramatically alter tissue levels and
synthesis of this neuropeptide. However, the regulation of NT release
lias been difficult to study in vivo as extracellular levels of NT are extremely low. We previously measured extracellular NT by microdialysis
in awake ammals, and demonstrated regulation by D-2 receptors. The
present study examines the effect of METH on NT release from striatum
and nucleus accumbens, and characterizes the role of dopamine D-l and
D-2 receptors in mediating METH-induced alterations. METH altered
extracellular NT in a dose-dependent manner. At a low dose (0.5
mg/kg), METH increased NT release from both regions to approximately 200% of control. An intermediate dose (5.0 mg/kg) increased extracellular NT to 150% in the striatum and 140% in the accumbens. At 15
mg/kg, METH had no affect on NT release. The role of DA receptor
subtypes was assessed in the striatum by combining selective D-l (SCH23390) and D-2 (eticlopride) antagonists with the low and high doses of
METH. Eticlopride (0.5 mg/kg) alone decreased NT release =20-30%
and completely blocked the effect of low dose METH. SCH-23390 (0.5
mg/kg) alone had no effect on basal NT release, but the combination of
D-l blockade with 15 mg/kg METH increased NT release to =150% of
control. These data indicate that the effect of low dose METH on NT release is mediated through stimulation of D-2 receptors, while the lack of
effect of high dose METH is due to D-l activation. (Supported by
USPHS grants DA 34471 and DA 00869)

INCREASED DOPAMINE DI RECEPTOR SITES OF THE SUBSTANTIA
NIGRA RETICULATA SUBSEQUENT TO'INTERMITTENT PRETREATMENT
WITH METHAMPHETAMINE. Y.Zhanq and J.A.Anqtlo*. Department
of Biological Sciences, Hunter College, NY.
We have assessed the effect of intermittent
methamphetamine (METH) pretreatment on haloperidolinduced effects on neostriatal neuropeptide mRNA
abundance and dopamine receptor levels. Rats received a
total of five METH injections (1.5 mg/kg), one injection
every third day. Fifteen days after the last METH
injection, rats received daily injections of haloperidol
for seven consecutive days. Treatment with METH did not
afftect neostriatal ^--spiperone (dopamine D2) binding
sites, but METH pretreatment significantly potentiated
haloperidol-induced increases of D2 receptor sites in
ventrolateral caudate-putamen (vlCPu) and nucleus
accumbens (NAc). In contrast, METH treatment decreased
3H-SCH 23390 (D1 receptor) binding sites in the NAc.
Haloperidol treatment of METH-pretreated rats
significantly decreased D1 sites . in vlCPu, anterior CPu
(aCPu) and NAc. In the midbrain ventral substantia nigra
reticulata (vSNr), METH pretreatment increased D1
receptor sites (202% above control). In addition,
haloperidol treatment of saline-pretreated rats increased
D1 receptor sites of the vSNr 58% relative to controls.
METH pretreatment enhanced haloperidol-induced changes in
neostriatal preproenkephalin (PPE) or preprotachykinin
mRNA abundance. The present results show that
pretreatment with METH increases dopamine D1 receptor
sites in the midbrain substantia nigra pars reticulata
and potentiates haloperidol-induced alterations of
dopamine receptors and neuropeptide mRNA abundance in the
caudate-putamen and nucleus accumbens of the rat brain.

826.7
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MSTHAOPHSTJAnNE (M) -STIMULATED STRIATAL DOPAMINE (DA)
RELEASE AS MEASURED BY MICRODIALYSIS DECLINES RAPIDLY
OVER TIME AFTER PROBE INSERTION. B. Gough", J. Bowver
and R. Holson. National Center for Toxicological
Research, Jefferson, AR 72079.
Three experiments were conducted to investigate
the striatal response to repeated M exposure in male
rats. In all three experiments, M exposure occurred
for one group three times at two-hr intervals, with
the first exposure occurring 2 hr after probe
insertion. Independent of route of administration (1
mg/kg M ip, or 20 pM of M for 10 min via the
microdialysis probe), the DA peak elicited by the
third M exposure was only 50 % as large as that
elicited by the first exposure, 4 hrs earlier. This
reduction in the response to M was a function of time
post probe-insertion, and not of prior M exposure.
When probes were inserted at 0700 hrs but the first M
infusion did not occur until 1300 hrs, striatal DA
levels were as low as the 1300 hr peak in rats given
infusions at 0900, 1100 and 1300 hrs. Conversely,
when the probe was inserted 1 hr before the third ip
M injection, the DA released by the third injection
was as great as that in response to the first
injection, measured 2 hr after probe insertion.
Finally, ip M-induced DA peaks 24 hr after probe
insertion were only 10 % of those seen 2 hr after
probe insertion, and these much smaller peaks did not
decline over repeated injection. It is concluded that
the magnitude of M-stimulated striatal DA release
declines rapidly over the first 24 hours following
probe insertion.

METHAMPHETAMINE-INDUCED REGULATION OF STRIATAL AND
CORTICAL NMDA RECEPTORS . A.J. Eisch». S.J. OPell and J.F, Marshall.
Psychobiology Dept., University of California, Irvine, CA 92717-4550.
Methamphetamine (m-AMPH) produces long-lasting damage to dopaminergic
and serotonergic terminals in the striatum and cortex of the rat. Evidence also
suggests that m-AMPH is toxic to non-monoaminergic cortical neurons. We used
quantitative autoradiography to investigate changes in the dopaminergic and
glutamatergic systems in striatal and cortical regions after a neurotoxic regimen
of m-AMPH. Rats were given i.p. injections of saline (1 mg/ml) or m-AMPH (4
mg/kg of free base) every two hours for four injections. One week or one month
later, regions of the striatum, prefrontal and parietal cortices were examined for
m-AMPH-induced changes in [3H]mazindol (MAZ) binding to striatal dopamine
(DA) transporters and [3H]glutamate (GLU) binding to NMDA receptors. One
week after m-AMPH, both [3H]MAZ binding and [3H]GLU binding to NMDA
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receptors were decreased in striatal subregions. Specifically, the ventral and
lateral sectors of the striatum showed the greatest decreases in [3H]MAZ and
[3H]GLU binding, while the nucleus accumbens showed no significant m-AMPHinduced damage. One month after m-AMPH, striatal [3H]MAZ binding was still
significantly decreased, while NMDA receptors had returned to control levels.
The parietal cortex also showed m-AMPH-induced changes. One week after mAMPH, a significant increase in [3H]GLU binding to NMDA receptors was seen
in layers II/ III and IV. One month after m-AMPH, only layers II/In showed a
significant increase in [3H]GLU binding. In contrast, regions of the prefrontal
cortex showed no changes in NMDA receptor density either one week or one
month after m-AMPH. This is the first demonstration that forebrain NMDA
receptors are altered by a neurotoxic regimen of m-AMPH. These results support
the view that repeated m-AMPH adminstration afects excitatory amino acid
transmission in selected cortical and striatal regions.
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METHAMPHETAMINE EFFECTS ON BRAIN ENERGY METABOLISM:
COMPARISON BETWEEN EXTRACELLULAR LACTATE IN STRIATUM
AND PREFRONTAL CORTEX. S.E. Stephans*. T.S. Whittingham. A.J.
Douglas and B.K. Yamamoto Departments of Psychiatry, Neuroscience, and
Neurological Surgery, Case Western Reserve Univ., Cleveland, OH 44106.
A high dose of methamphetamine (METH) can lead to depletion of tissue
dopamine in the striatum (STR). In contrast, the medial prefrontal cortex
(PFC) is relatively resistant to the toxic effects of METH. The mechanisms
underlying this selective effect are unknown; however, energy depletion has
been linked to METH-induced decreases in striatal dopamine content. To
further extend this finding, microdialysis coupled with an enzymatic
fluorometric assay was utilized to assess in vivo the dynamic changes in
extracellular lactate concentrations after METH in awake rats. Lactate
concentration in the dialysate was measured and used as an index of
possible energetic stress in STR and PFC during a neurotoxic dosing
regimen of METH (10.0 mg/kg, i.p., every 2 hours for a total of 3 injections)
or saline.
There was a significant increase (228% of baseline) in
extracellular lactate in STR over time beginning immediately after the first
METH injection and persisting up to 4 hours after the third injection (p<0.02).
There was no significant change in striatal lactate over time in saline injected
rats. Extracellular concentrations of lactate in the PFC were not significantly
different between METH and saline injected rats.
DA tissue content
measured 4 days following administration of METH was significantly depleted
in STR but not PFC (p<0.05). Overall, these data are evidence that METH
enhances energy consumption more in the STR than in the PFC. This effect
may be due to the greater density of DA terminals in STR. It is possible that
the acute and sustained enhancement in energy utilization is related to the
long-term dopamine depletions produced by METH.

BEHAVIORAL SENSITIZATION TO 7-OH>DPAT: EFFECTS OF
SELECTIVE DOPAMINE ANTAGONISTS. B.A. Mattingly*. S.
Fields,
M.
Lanqfels,
M.
Cecil.
& D.
Giovannini.
Department
of
Psychology,
Morehead
State
Univ.,
Morehead, KY 40351.
Repeated treatments with the dopamine (DA) D2-type
agonists, bromocryptine and quinpirole, result in the
development
of
behavioral
sensitization.
This
sensitization effect, however, may be prevented by the
co-administration of either DA D, or D2 antagonists. The
primary purpose of this study was to determine whether
DA Dj and D2-type antagonists would also block the
development of sensitization to the putative DA D3
agonist, 7-OH-DPAT. In Exp. 1, rats were tested for 2
hrs in photocell activity arenas daily after treatment
with 7-OH-DPAT (0, .01, .10, or 1.0 mg/kg). All doses
initially inhibited activity, but with repeated treatment, the 1.0 mg/kg dose resulted in sensitization. No
cross-sensitization to cocaine was observed. In Exps. 2
& 3, rats were co-administered 7-OH-DPAT (1.0 mg/kg) and
either the D2-type antagonist, eticlopride (ETIC, 0.3
mg/kg) or the Djtype antagonist, SCH 23390 (SCH, 0.2
mg/kg), and tested for activity. Both antagonists
significantly suppressed activity and prevented the
progressive 7-OH-DPAT-induced increase in activity over
sessions.
ETIC,
but
not
SCH,
also blocked
the
development of sensitization. That is, after a 7-OH-DPAT
challenge injection, rats pretreated with ETIC and 7-OHDPAT did not differ from vehicle pretreated rats. Rats
pretreated with SCH and 7-OH-DPAT,
however,
were
significantly more active than rats pretreated with only
7-OH-DPAT.

826.11
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THE D3 AGONIST 7-OH-DPAT GENERALIZES TO THE
DISCRIMINATIVE STIMULUS EFFECTS OF AMPHETAMINE IN
RATS. R, A. Bevins*. M. C. Bradley. J. E. Klebaur. & M. T. Bardo.
Psychology Dept, Univ of Kentucky, Lexington, KY 40506-0044.
Rats were first trained to discriminate between 1 mg/kg amphetamine
and saline (ip) using a two-lever drug discrimination procedure.
Following acquisition of the discrimination, generalization to a range of
amphetamine doses (0.0625, 0.125, 0.25, 0.5, 1.0, and 2.0 mg/kg) was
examined in 4-min extinction tests. The degree of amphetamineappropriate responding varied directly with the dose of amphetamine.
Response rates decreased systematically with greater amphetamine doses.

DOSE-DEPENDENT EFFECTS OF THE D3-PREFERRING
AGONIST 7-OH-DPAT. J. L. Neisewander.*. T. V. Khroyan. and
D. A. Baker. Department of Psychology, Arizona State University,
Box 871104,Tempe, AZ 85287-1104.
Dose-dependent effects of 7-OH-DPAT (DPAT) on motor behaviors
and conditioned place preference (CPP) were assessed. Two-day
conditioning trials were conducted. On one day, animals received one
of 8 doses of DPAT (0-5 mg/kg, s.c) and were placed into a distinct
compartment for 40 min. On the other day, they were injected with
saline and immediately placed into a different compartment for 40 min.
Three trials were conducted over consecutive days. Locomotion,
sniffing, and yawning were measured following the first and last
injection of DPAT. CPP was then assessed by recording the amount
of time animals spent in each compartment when given free-access to
both for 15 min. DPAT produced a U-shaped dose-dependent change
in locomotion and sniffing with the greatest decreases observed at 0.01
and 0.03 mg/kg. DPAT also produced an inverted U-shaped dosedependent change in yawning with the greatest increases observed at
0.03 and 0.1 mg/kg. DPAT-induced yawning was sensitized at a dose
of 0.1 mg/kg. The 5 mg/kg dose of DPAT produced CPP. None of
the other doses (0.003-1 mg/kg) produced CPP, and in fact there was
a trend for place aversion at 0.3 mg/kg. DPAT has a 100-fold greater
affinity for D3 receptors relative to D2 receptors. Thus, it is possible
that the low doses (0.01-0.1 mg/kg) that increased yawning and
decreased locomotion and sniffing may preferentially occupy D3
receptors. Furthermore, these putative D3-preferring doses of DPAT
do not produce CPP and may produce place aversion. (Supported by
DAO773O)

We then assessed the ability of the putative D3 agonist 7-OH-DPAT (0,
0.01, 0.03, 0.1,0.3, and 1.0 mg/kg) to occasion amphetamine-correct
responding. In a balanced manner, all rats were tested twice with each
dose; on one test the 7-OH-DPAT was injected ip and in the other test it
was injected sc. Regardless of injection route, the higher doses of 7-OHDPAT fully generalized to amphetamine. However, 7-OH-DPAT injected
sc occasioned greater amphetamine-correct responding at lower doses than
when injected ip. 7-OH-DPAT also produced a dose-dependent decrease
in barpress rates with both injection routes. The D2 antagonist eticlopride
(0.01 and 0.05 mg/kg; ip) partially blocked the amphetamine-appropriate
responding induced by 7-OH-DPAT. This latter results argues that the

generalization of 7-OH-DPAT may be mediated, at least in part, by
dopamine D2 receptors.

826.13
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EFFECTS OF 7-OH-DPAT ON AMPHETAMINE-INDUCED
STIMULANT BEHAVIORS AND CONDITIONED PLACE
PREFERENCE. T. V. Khrovan *. D. A. Baker. R. A. Fuchs and J.
L. Neisewander. Department of Psychology, Arizona State
University, Box 871104, Tempe, AZ 85287-1104.
Putative D3-preferring doses of 7-OH-DPAT (0.01-0.1 mg/kg)
produce a decrease in locomotion and sniffing and do not produce
conditioned place preference (CPP). This study examined the effect of
these doses on amphetamine-induced behaviors and CPP. Three 2-day
conditioning trials were conducted over consecutive days. On one day
of each trial, animals received an injection of either amphetamine (1.0
mg/kg) coadministered with 7-OH-DPAT (0- 0.1 mg/kg) or saline and
were placed into a compartment for 40 min. On the other day, animals
were injected with saline and placed into a different compartment for
40 min. Locomotion, sniffing, and headbobbing were measured
following the first and third drug injections. Following conditioning,
CPP was assessed by recording the amount of time animals spent in
each compartment when given access to both. Amphetamine increased
locomotion after the first injection, and this effect was attenuated by
0.03 mg/kg 7-OH-DPAT. Amphetamine-induced locomotion was
decreased dose-dependently by 7-OH-DPAT after the third injection
due to the emergence of dose-dependent headbobbing, a behavior not
observed in animals receiving amphetamine alone. Amphetamine
coadministered with 0-0.03 mg/kg 7-OH-DPAT produced CPP,
whereas amphetamine coadministered with 0.1 mg/kg 7-OH-DPAT did
not produce CPP. These results suggest that 7-OH-DPAT potentiates
the stimulant properties of amphetamine and alters the rewarding
properties (supported by DAO773O and HHMI).
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REPEATED PHENCYCLIDINE TREATMENTS ACTIVATE
CHOLECYSTOKININ SYSCTEMS IN RAT BRAINS.
H,Shibuya*1, K.Yamadal, T.Yoshikawal, T.Nabeshma2,
M.Torul, 1;Department of Neuropsychiatry, Tokyo
Medical and Dental Univ., 1-5-45, Yushima,
Bunkyo-ku, Tokyo, 113, Japan, 2;Nagoya Univ.,
School of Medicine, 45, Tsurumacho, Showa-ku,
Nagoya, 466, Japan,
Reported findings on cholecystokinin(CCK)
immunoreactivity in the postmortem brain and
cerebrospinal fluind, CCK receptor bindings and
clinical therapeutic trials with CCK related
substances suggest functional alterations of CCK
systems in the schizophrenic brain. Meanwhile,
phencyclidine(PCP) is known to produce positive
and negative psychotic symptoms in human. We
assumed the PCP treated rat as the schizophrenic
animal model and determined the CCKmRNA and CCK
immunoreactivities in various brain areas in order
to investigate the functional state of CCK in
schizophrenia. Single administration of PCP
(7.5mc/kc,ip) promptly and transiently decreased
CCK immunoreactivities in many brain areas and
CCKmRNA in the hippocampus and parieto-occipital
cortex. However, repeated administrations of PCP
increased the synthesis of CCK. These findings
would suggest that CCK systems are hyperactive in
schizophrenic brain and play roles to produce some
schizophrenic symptoms.
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ACUTE AND LONG-TERM NEUROCHEMICAL EFFECTS OF
METHCATHINONE, A NEW STIMULANT OF ABUSE. M.P. Gvgi. J.W.
Gibb, and G.R. Hanson .*Dept. of Pharmacology and Toxicology,
Univ, of Utah, Salt Lake City, UT 84112.
Methcathinone (CAT), a synthetic derivative of cathinone, emerged
as an illicit drug of abuse in the U.S. during the eariy 1990s. Because
of ease of synthesis, CAT is preferred by some oven cocaine on methamphetamine (METH). Multiple doses of CAT were shown to be
toxic to brain dopamine (DA) and 5-hydroxytryptamine (5HT)
neurons (Martello et al., Soc Neurosci 419.15, 1994). In striatum, a single
dose of CAT decreases the activity of tryptophan hydroxylase (TPH),
the rate-limiting enzyme in the synthesis of 5HT. To characterize
further the time course of these effects, rats were given 4 doses of
CAT (30 mg/kg) 4 h apart, and sacrificed 72 h or 30 d following the
last dose. In the 72 h group, striatal TPH activity was decreased. The
activity of striatal tyrosine hydroxylase (TH), the rate-limiting enzyme
in DA synthesis, was also decreased. Striatal concentrations of DA
and 5HT and their metabolites were reduced as well. Both TH and
TPH activites returned to control by 30 d after treatment. Because
drug-induced increases in mesostriatal dopaminergic activity elevate
striatal levels of neurotensin, the response of this peptide to CAT was
assessed and compared to METH, a known releaser of DA. Rats
were given either 4 doses of CAT (30 mg/kg), METH (15 mg/kg) or
saline 4 h apart, and sacrificed 18 h after the last dose. Both METH
and CAT increased striatal levels of neurotensin to greater than 200%
of control. These data demonstrate that CAT affects monoaminergic
parameters in the striatum. These effects do not appear to be
permanent. Since striatal neurotensin levels were elevated by CAT, it is
possible that the neurochemical response is due to CAT-induced DA
release, (supported by DA 04222 & DA 00869)

826.17
PHARMACODYNAMIC ANALYSIS OF
KETAMINE ACTION
IN
SCHIZOPHRENIA. D. Medoff*. A.C. Lahti. H.H. Holcomb. M. Zhao, C.E.
Priebe, C.A. Tamminqa. MPRC, University of Maryland School of Medicine,
and the Department of Mathematical Sciences, Johns Hopkins University.
The noncompetitive NMDA antagonist ketamine produces a short lived
discrete activation of psychotic symptoms in schizophrenia. To study
regional neural activity that corresponds to ketamine administration, we
administered .3mg/kg of ketamine to five medicated schizophrenic
inpatients and measured regional cerebral blood flow (rCBF) using H2150
and positron emission tomography (PET) before (x3) and at seven time
points after ketamine administration. The post ketamine administration time
points ranged from 6 to 66 minutes. After image registration, a 12 mm
three dimensional Gaussian filter was used to smooth the data. Data were
analyzed using the Statistical Parametric Mapping (SPM94) software
program, MRC Cyclotron Unit, Hammersmith Hospital. Significant patterns
of blood flow change over time were detected in several regions. The
lingual gyrus shows an immediate drop in blood flow at six minutes and a
swift return to baseline by sixteen minutes. The hippocampus also shows
an immediate drop in blood flow, but a more gradual return to baseline at
56 minutes. The anterior cingulate, inferior frontal cortex, thalamus, and
the cerebellum all showed increases in blood flow, but in distinctly different
patterns. It is noteworthy that the areas of ketamine-altered rCBF are
circumscribed, limited in number, and much more restricted than the
distribution of NMDA/PCP receptors. Based on the localization of blood
flow response to ketamine in these subjects, we suggest that limbic brain
regions are important in mediating the behavioral actions of ketamine.
These data implicate an abnormality of glutamatergic-transmission in
psychosis.

826.19
FASCICULUS
RETROFLEXUS
LESIONS
INCREASE
SELFADMINISTRATION OF AMPHETAMINE. Carol A. Murphy and Marion Murray*.
Department of Anatomy and Neurobiology, Medical College of Pennsylvania
and Hahnemann University, 3200 Henry Avenue, Philadelphia, 1PA 19129.
Disruption of the efferent pathway of the habenular nuclei, the fasciculus
retroflexus (FR), produces behavioral and physiological changes that reflect a
state of increased arousal, including increased open field activity and
chronically elevated basal levels of corticosterone. Within a normal population
of Sprague-Dawley rats, similar responses to stress are positively correlated
Because habenular
with increased self-administration of amphetamine.
projections through the FR tonically inhibit the activity of dopaminergic (DA)
neurons in the ventral tegmentum, and intake of psychostimulant drugs is
tightly linked to forebrain DA activity, we tested whether rats with FR lesions
would self-administer higher doses of amphetamine. Two months after

receiving either FR or sham lesions, female Sprague-Dawley rats were
prepared with catheters in the external jugular vein and tested for intravenous
self-administration of d-amphetamine sulfate (10ug/injection) in both nose-poke
and lever-press operant response paradigms. Rates of amphetamine selfinjection and the incidence of behavioral stereotypy were assessed during daily
1-hour sessions. Our results show that FR-lesioned animals initially selfadministered greater amounts of amphetamine than sham controls over the first
several days of testing but that their drug intake gradually decreased to nearcontrol levels. Stereotypic responses to amphetamine were also greater after
FR lesion and remained elevated with respect to controls for the duration of the
experiment. These results suggest that habenular regulation of DA reward
systems may normally provide an important negative feedback mechanism
which moderates the intake of psychostimulant drugs. Supported by NIMH
award MH53635-01.
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S(-)METHCATHINONE AS A DISCRIMINATIVE STIMULUS:
EFFECTS OF OTHER CNS STIMULANTS.
R. Young* and R.A. Glennon. Dept. Med. Chem., MCV/VCU,
Richmond, VA 23298
Methcathinone ("Cat”) is a CNS stimulant that is a very significant
drug of abuse in the former Soviet Union. It also has appeared on the
clandestine market in the US and has been recently classified as a
Schedule I substance. We have shown1 previously that racemic
methcathinone and its two optical isomers all produce both
amphetamine- and cocaine-like discriminative stimulus effects in rats
trained to discriminate S(+)amphetamine and cocaine, respectively, from
saline. In those studies, S(-)methcathinone was almost twice as potent
as S(+)amphetamine and more than eight times more potent than
cocaine. In the present study, using rats, S(-)methcathinone (0.5 mg/kg,
i.p., 15 min. pretreatment) was employed as the training drug in a
two-lever discrimination task. Once established, the S(-)methcathinone
stimulus was shown to have a rapid onset to action (5 min pre-session
injection interval=89% drug-lever responding) and a duration of effect
of approximately 90-120 min. In tests of stimulus generalization, the
S(-)methcathinone-stimulus (ED50=0.11 mg/kg) generalized to R(+)methcathinone (ED5O=O.39 mg/kg), S(+)amphetamine (ED50=0.20
mg/kg), and cocaine (ED50=1.47 mg/kg). Thus, the present results
re-confirm our previous conclusion that S(-)methcathinone is a very
potent CNS stimulant with amphetamine- and cocaine-like effects.
(DA-01642)1Pharm. Biochem. Beh., 50, 601-606, 1995.

826.18

AMYGDALA LESIONS THAT BLOCK SENSITIZATION TO
BROMOCRIPTINE FAIL TO BLOCK SENSITIZATION TO
BROMOCRIPTINE PLUS MK-801. W. A. Cariezon. Jr*.
F. A, Guauraci. and R . A .Wise Center Fof Stuches in Behavioral
Neurobiology, Concordia Univ., Montreal, QC, CANADA H3G 1M8
Repeated intermittent administration of the dopamine (D2) agonist
bromocriptine (BRO; 5.0 mg/kg, IP) causes progressive increases in
sensitivity to the locomotor-stimulating actions of the drug in rats; CVIs
“sensitization” is context-specific, such that rats repeatedly given
BRO in one environment show no evidence of sensitization when
tested in a different environment We now report tiat electrolytic
lesions of the bdsoldtenal amygdala eliminate BRO sensitization
without altering sensitivity to the acute stimulant effects of the drug,
suggesting that the erug-enoilOBmenc associations that contribute to
BRO sensitization are processed at some level in the amygdala.
Similar lesions of the amygdala fail to block the progennioe increases
in locomotion that occur when MK-801 (0.25 mg/kg, IP) is coadministered with BRO, under conditions that do not produce
sensitization to MK-801 alone. However, there is no evidence of
sensitization when animals (lesioned or sham-lesioned) accustomed to
receiving the combination of MK-801 plus BRO subsequently receive
either drug alone. Thus it is the absence of MK-801 in animals
accustomed to the combination of drugs that precludes expression of
sensitization. These findings suggest that MK-801 makes responses
learned under its influence “RincrimiBatioe cue-specific”, and cVdC
such cues can facilitate experience-RepenRenc changes in drug
sensitivity even when the amygdala is damaged.
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SINGLE-UNIT RESPONSES OF HIPPOCAMPAL CA1 PYRAMIDAL
NEURONS TO 5-HTlA AGONIST DRUG ADMINISTRATION IN
UNANESTHETIZED, UNRESTRAINED RATS. N.Ueda1 . K. Tada1* K.
112
1
Kasamo . T. Koiima and K. Ishikawa . Dept. of Neuropsychiat . and
pharmacol^., Nihon Univ. Sch. of Med., 30-1 Oyaguchi Kamimachi Itabashi,
Tokyo 173, Japan.
Previous electrophysiological experiments demonstrated that 5hydroxytryptamine (5-HT) 1A agonists inhibited spontaneous pyramidal cell
activity in anesthetized rats. Since all the 5-HTIA agonists thus far tested act as
partial agonists post synaptically, it is important to know whether these 5-HTIA
agonists inhibit hippocampal pyramidal cell activity under conditions in which 5HT neurons are activated. So we examined the effects of 5-HTIA agonists on
single-unit activity of hippocampal CA1 pyramidal neurons in
unanesthetized,unrestrained rats. Subcutaneous administration of the selective 5HT1A agonists, 8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT),
buspirone, ipsapirone produced a dose-dependent inhibition of hippocampal CA1
pyramidal cell activity. The order of potency was 8-OH-DPAT (ED5O for 8-OHDPAT=O.O7 p g/^’g)t> buspirone(ED50 for buspirone=0.19 p g/kg) which is in
agreement with previously reported behavioral, electrophysiological and
biochemical studies. The 5-HT1A antagonist, l-(2-methoxyphenyl)-4-[4-(2phthalimido) butyl]piperazine (NAN190) inhibited the effect of buspirone(lmg/
kg) on single-unit activity of hippocampal CA1 pyramidal neurons. Present results
provides further evidence for post synaptic site of action of anxiolytic 5-HTlA
agonists.

MKC-242, A NOVEL 5-HTl A RECEPTOR AGONIST, REPRESENTS DIFFERENT
PROFILES FROM AZAPIRONES IN THE ANIMAL MODELS.
M. Abe, R. Tabata, #H. Nakai, #T. Komatsu, K.-I. Saito* and M. Egawa.
Pharmaceuticals Lab. I, # Pharmacokinetics and metabolism Research Lab., Mitsubishi
Chemical Co., Yokohama Research Center, Yokohama, 227.
MKC-242 (5-[3-[[(2S)-l,4-benzodioxan-2-ylmethyl]amino]propoxy]-l,3benzodioxol HCl) is a potent and selective 5-HTl A receptor agonist. It showed
anxiolytic-like and antidepressant-like effect at very low doses (0.0625-3 mg/kg, p.o.)
in some animal models. MKC-242 is structuraly differed from azapirones. In the
present study, we investigated two different profiles of MKC-242 from azapirones.
First, the effect of MKC-242 on the immobility time in the forced swimming test
in male rats was investigated comparing with buspirone and tandospirone. MKC-242
(0.3-3 mg/kg, i.p.) reduced the immobility time. However buspirone and tandospirone
did not. The effect of MKC-242 was antagonized by administration of WAY 100135, a
5-HTl A receptor antagonist. In addition, the effect was also antagonized by
administration of l-(2-pyrimidinyl)piperazine, a major metabolite of azapirones.
Second, the effect of MKC-242 on the shock induced fighting behavior in male
mice was investigated comparing with the reference compounds. MKC-242 reduced
the fighting behavior in a dose dependent manner and the effect lasted for 3 hrs at
non-sedative doses (ED5O = 1.7-5 mg/kg,p.o.). Buspirone and tandospirone also
reduces the fighting behavior 1 hr after the administration at non-sedative doses (ED5O
= 42 and 80 mg/kg, • p.o., respectively). However, these compounds were effective 2 hrs
after the administration at only sedative doses (ED5O = 160 and 320 mg/kg, p.o.,
respectively). The serum AUC for MKC-242 was about 400-fold higher than that for
buspirone in rats.
In conclusion, MKC-242 showed more potent antidepressant-like effect and
longer-lasting anxiolytic-like effect comparing with buspirone and tandospirone. These
characters might be due to the structural difference and pharmacodynamic difference
from azapirones.

827.4

EFFECTS OF CHRONIC AZAPIRONE. TREATMENT ON
SEROTONERGIC SYSTEMS. G. K. MathesonfC.Michel M. Weiberg. and
J, Thomas. Neurobiology Laboratory, Indiana University School of Medicine.
Evansville, IN 47712.
Buspirone or ipsapirone (3 mg/kg, b.i.d., s.c.) was administered to Long-Evans
rats for ten days. On day ten, the effects of various concentrations of buspirone
or ipsapirone on the inhibition of spontaneous single-unit neural activity or the
hypothalamic-pituitary adrenal axis (HPAA) were tested. Acute animals did not
receive the drug pregreattmglt Serotonergic neurons generating single-unit
activity worn identified by their location, discharge frequency (0.5-2.5 spikes/sec),
wave-form characteristics, and spontaneous activity. Drug effects were
determined by comparing the average rate of discharge recorded over one minute
before drug administration with the rate recorded during the sixth posi-injgttion
one minute interval. In the chronic and single treatment studies, buspirone and
ipsapirone were equally efficacious and totally inhibited the spontaneous activity
of serotonCTgic single-unit neurons in a dose-dependent manner. For buspirone
the potency (ED^ value) was 134 pg/kg for the acute study and 1800 pgfkg for
the chromc study, a thirteen fold increase in the required dose. For ipsapirone the
ED* value was 700 pg/kg for the acute study and 1200 pg/kg for the chronic
study. Chronic buspirone or ipsapirone administration increased the tolerance of
the HPAA following a challenge by each drug. The ED* for elevation of plasma
corticosterone levels was increased from 4.0 to 7.6 mg/kg for buspirone and 6.2
to 8.0 mg/kg for ipsapirone. The data suggests chronic administration may lead
to possible differences in ligand-receptor affinity, metabolic rates, and/or the
cyclic AMP-G-protein mecl^inisn.

CP-93,393, A NOVEL ANXIOLYTIC/ANTIDEPRESSANT AGENT
WITH BOTH 5-HT1A AGONIST AND ALPHA-2 ADRENERGIC
ANTAGONIST PROPERTIES: IN VITRO STUDIES. A.W. Schmidt*.
C.B. Fox. J . Lazzaro. S. McLean. A. Ganonq. D.W. Schulz. K. Desai. G.M.
Bright and J. Hevm. Central Research Division, Pfizer Inc., Groton, CT.

06340.
CP-93,393, ((7S,9aS)-2((2-pyrimidinyi)-7-(succinimido-methyl) 2,3,4,6,7,8,
9,9a-octahydro- 1H-pyrido[ 1,2-aJpyrazine), is a novel anxiolytic/
antidepressant agent that combines 5-HT1A agonist activity and a2
adrenergic antagonist features. Like buspirone, CP-93,393 lacks affinity for
benzodiazepine receptors and would therefore not have the sedative and/of
addictive properties of anxiolytics such as diazepam and alprazolam. In rats,
CP-93,393 potently inhibits dorsal raphe firing by activating presynaptic 5HT1A autoreceptors (Reynolds,L.S. et al., this meeting). CP-93,393 binds
with moderate affinity (Ki = 100 nM) to postsynaptic 5-HT1A receptors, but
displays differential efficacy as an agonist depending on the tissue
preparation. For example, adenylate cyclase studies reveal CP-93,393 to be
a partial agonist (67% compared to 5-HT, EC5O = 600 nM) in HeLa cells
expressing human 5-HT1A receptors, while both CP-93,393 and buspirone
behave as full agonists when guinea pig hippocampal membranes are
utilized. In recordings of 5-HT mediated - hyperpolarizations from CA1
neurons in guinea pig hippocampal slices, CP-93,393 displayed partial
agonist activity (52% effect compared to 5-HT, EC5O = 1.8 pM). In addition,
CP-93,393 binds with appreciable affinity to human a2A, a2B and a2C
adrenergic receptors transfected in CHO cells (Ki = 10 - 50 nM). In adenylate
cyclase studies in the a2A clone, CP-93,393 (1 pM) produces a competitive
rightward shift of the UK-14,304 dose-response curve, indicating that it acts
as an a2A adrenergic antagonist. CP-93,393 has a unique combination of 5HT1A agonist and a2 adrenergic antagonist properties that may lead to
improved efficacy as an anxiolytic/antidepressant agent.

827.5
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IN VIVO PROFILE OF CP-93,393: EVIDENCE OF COMBINED 5HT1A
AGONIST AND tx2 ANTAGONIST ACTIVITIES. L.S.Reynolds*.

ANXIOLYTIC ACTIVITY OF CP-93,393:
ENHANCED EFFICACY VIA
COMBINED 5-HT1A
AGONIST AND a2-ADRENERGIC ANTAGONIST
ACTIVITIES. P.A. Seymour*. K. Desai and G.M. Bright. Departments of
Neuroscience and Medicinal Chemistry, Central Research Division,

J,P..PraseltQn. J,S.Sprcuse,.. H.Rollema, T,Clarke, S.McLean,
W.Horner. and J.Hevm. Central Research Division, Pfizer Inc.
Groton CT. 06340
CP-93,393 is a novel anxiolytic/antidepressant compound
possessing both 5HT-ia and a2 adrenergic properties. In recordings
from rat dorsal raphe, CP-93,393 was a potent agonist at the
5 HT-ia
autoreceptor, inhibiting the spontaneous firing of

serotonergic neurons in a dose dependent manner (ED50 =14 pg/kg
i.v.) while displaying only moderate affinity for the 5HT-| a
receptor (Kj=92±6 nM, rat cortex).

In keeping with its action as a

potent presynaptic agonist, this compound also produced a dosedependent decrease in extracellular serotonin (ED5o=1l6 mg/kg
s.c.) and 5-hydroxy indole acetic acid (5HIAA) levels as measured
by in vivo
microdiaiysis in rat hippocampus.
In addition to
affecting the 5HT1 a receptor, CP-93,393 also acted as an a2 ligand

2

with significant binding affinity for a
adrenoreceptors in rat
(Kj=35±6 nM). As expected with a2 antagonist activity, levels of

the NE metabolite 3-methoxy-4-hydroxy-phenylglycol (MHPG)
were increased dose-dependently in rat forebrain. In addition, the
spontaneous firing rate of NE-containing neurons in rat locus
coeruleus was increased by CP-93,393, possibly through an a2
mechanism. This combination of decreased serotonergic activity and
increased NE transmission produced by CP-93,393 could be
effective in the treatment of anxiety and affective disorders.
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Pfizer Inc, Groton, CT 06340.
The anxiolytic/antidepressant, CP-93,393, is a 5-HT1A agonist
that is both chemically and biologically distinct. Unlike members of the
buspirone class its novel azabicyclic structure incorporates a 2 adrenergic antagonist activity into the parent molecule. CP-93,393

was discovered using a modification of the Vogel conflict test designed to
identify compounds with improved efficacy. After i.p. administration
CP-93,393 showed a MED comparable to gepirone (1.78 mg/kg), but
yielded much greater efficacy (780 vs 320% of control), which was
comparable to that observed with diazepam. Since a2-antagonists have
also been shown to have anticonflict activity in a similar paradigm
(Gower and Tricklebank, 1988),
the interaction between 5-HT1A
agonism and a2-antagonism was investigated. It was found that

subthreshold doses of the a2-antagonist, idazoxan (IDZ), significantly
enhanced the anticonflict effects of submaximal doses of CP-93,393,
other 5-HT1A agonists, and benzodiazepines. Moreover, it was found
that 8-OH-DPAT, which was inactive at any dose tested when
administered alone, elicited robust activity when combined with
subthreshold doses of IDZ, indicative of synergy between these two
compounds. These data support the hypothesis that the enhanced
efficacy observed with CP-93,393 may be due to the combination - of
5-HT1A agonist and a2-adrenergic antagonist activities, and suggest
that CP-93,393 may show improved efficacy in the clinic as well.
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827.7

ADAPTATION OF NMDA RECEPTORS IN ANIMAL MODELS OF
DEPRESSION: CHRONIC MILD STRESS (CMS). G.N. Nowak*1, M. Papp
and I. A. Paul
Lab. Neurobehav. Pharmacol. & Immunol., Depts. of
Psychiatry and Pharmacology, Univ. of Miss. Med. Ctr., Jackson, MS 39216,
USA and Inst, of Pharmacology, Pol. Acad. ofSci., Krakow, Poland2.
NMDA receptor antagonists are as efficacious as clinically active
antidepressants (AD) in both preclinical behavioral paradigms sensitive to ADs
and in animal models of depression.
Moreover, 10-14 d. continuous
administration of ADs is required to produce a dose-dependent adaptation of
the NMDA receptor complex in rodents.
Specifically, chronic AD
administration results in a 2-4 fold reduction in the potency of glycine to
displace [3H]5,7-dichlorokynurenic acid from the strychnine-insensitive glycine

1

2

1

recognition site of the NMDA receptor complex. In addition, chronic AD
treatment results in a 40-100% reduction in the proportion of high affinity,
glycine-displaceable [3H]CGP-39653 binding to the glutamate recognition site

of the NMDA receptor complex. These effects are not observed following
chronic administration of structurally related non-AD treatments. A limitation of
these earlier studies is that adaptation of the NMDA receptor complex was
observed following AD administration in naive animals. We therefore tested
the hypothesis that animal models of depression would result in AD-reversible
adaptation of the NMDA receptor complex. We administered imipramine (IMI 10 mg/kg x 28 days) to rats subjected to CMS. As previously reported, 28
days CMS resulted in reduced consumption of a sucrose solution. This was
reversed by administration of IMI. Moreover, we now report that CMS results
in adaptation of the NMDA receptor complex and that this adaptation is
reversible by chronic IMI treatment. These data lend support to the hypothesis
that AD activity is associated with adaptation of the NMDA receptor complex
and that “depression” or “anhedonia” in animals is associated with an ADreversible dysfunction of the NMDA receptor complex.

827.8

SAFETY AND EFFICACY OF THE CCKB ANTAGONIST CI-988 IN
GENERALIZED ANXIETY DISORDER John J. Sramek. Jerome R. Costa. Judith
Bammert Adams. Alison MacPherson. and Neal R. Cutler*. California Clinical
Trials, Beverly Hills, CA 90211 and Parke-Davis Division of Warner-Lambert, Ann
Arbor, MI
CI-988 is a novel peptoid CCK antagonist with affinity for brain CCKb and gastrin
receptors. This study investigated the efficacy of this compound in patients with
generalized anxiety disorder (GAD). We report results from one site (n=32) in a
multicenter study (n=88). Sixteen patients who had had at least a six-month duration
of symptoms were randomized to 300 mg/day CI-988 and 16 to placebo. Twenty-nine
patients completed all four weeks of study treatment. The primary efficacy measures
were the Hamilton Rating Scale for Anxiety (HAM-A) and the Clinical Global
Impression (CGI) scale. Patients on CI-988 showed a greater decrease (p=0.06) in
HAM-A scores than did patients on placebo at the end of the study, with mean change
in HAM-A total at week 4 of -7.69 (-32.0%) for CI-988 and -4.19 (-18.6%) for
placebo. The HAM-A change favoring CI-988 was primarily due to improvement in
somatic symptoms of anxiety. There were no significant differences on the CGI
between the patients treated with CI-988 versus placebo (mean changes of -0.88 and 0.34, respectively, in impression of severity score, and mean changes of 0.92 and
0.94, respectively, in impression of change scores). All adverse events were rated
mild or moderate. One patient on CI-988 discontinued due to moderate abdominal
pain; two patients on placebo discontinued for personal reasons. Our findings indicate
that CI-988 given for four weeks has a potential anxiolytic effect, though the small
sample size limits any certainty. These findings were not reflected in the overall
multicenter results; one center favored placebo and the other favored neither group.
Given the acceptable tolerability of CI-988 seen here, testing of higher oral doses in
patients with GAD may be warranted.

827.10
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LYSOSOMOTROPIC DRUGS SLOWLY ACCUMULATE IN HUMAN
BRAIN TISSUE. RELATIONSHIP TO THERAPEUTIC LATENCY OF
ANTIDEPRESSANT AND NEUROLEPTIC DRUGS? J. Komhuber*.
W. Retz. P. Riederer. Dept, of Psychiatry, University of Wurzburg,
97080 Wurzburg, Germany.
The mechanism of therapeutic latency of antidepressant (AD) and neuroleptic (NL) drugs is not clearly understood. Current hypotheses include
slow adaptive processes after fast access to primary drug targets. Here, we
present a hypothesis explaining therapeutic latency by slow accumulation of
the drugs in acidic intracellular compartments. We have studied the pharmacokinetics of amantadine, a lysosomotropic model substance. It's fast
therapeutic response is mediated by fast access to cell surface receptors.
However, it slowly accumulates intracellularly in human brain tissue.
Half-maximal and plateau concentrations are reached after 8 and at least
70 days of treatment, respectively. The concentration in brain tissue relative to CSF and serum is about 20:1. The high storage capacity of brain tissue is probably related to lysosomotropic properties of amantadine. This
means that amantadine, as other lysosomotropic substances, is trapped by
protonation in acidic intracellular compartments and may disturb biochemical processes that require an acidic milieu, such as the proton-driven transport of monoamines into synaptic vesicles. The mean daily oral dose of
amantadine is low compared to the high storage capacity of brain and other
tissues thus explaining the slow accumulation. Many psychotropic drugs including AD and NL substances also have lysosomotropic properties. A slow
accumulation in brain tissue is therefore likely for many AD and NL drugs
and has been directly demonstrated for fluoxetine. While lysosomotropism
alone is not a sufficient explanation for AD or NL properties of a certain
drug, it contributes to high storage capacity and slow accumulation in brain
tissue and results in alterations of several biochemical processes.

827.11

QUIPAZINE PARTIALLY REVERSED THE RHYTHM
SLOWING AND FORCE DECREASING EFFECTS OF
CLOZAPINE ON RATS' TONGUE MOVEMENTS DURING
LAPPING BEHAVIOR. S. Das* and S.C. Fowler.
Dept. of Pharmacology & Toxicology, Univ. of
Kansas, Lawrence, KS 66045.
In order to investigate the putative role
of serotonin receptor blockade in the slowing
of rats' lick rhythm induced by low doses of
clozapine (Das - & Fowler, Psychopharmacology,
1995), the nonselective- serotonin agonist
quipazine .was administered to rats treated
acutely with clozapine.
Thirsty rats (n=29)
were trained to lap water from a force-sensing
disk in 2-min sessions, and Fourier analysis
of the resulting force-time recordings
provided for the quantification of lick
rhythm.
By itself, quipazine (0.25, 0.5, 1.0,
2.0 mg/kg, ip. 30 min) significantly quickened
the lick rhythm at the lowest 3 doses.
Clozapine (1.5, 3.0 mg/kg, ip., 30 min)
robustly reduced lick rhythm, and quipazine
coadministration partially, but significantly
reversed the clozapine-induced slowing.
The
results were consistent with the hypothesis
that serotonin receptors are involved in
clozapine's effects on rats' orolingual
behavior.
Supported by MH43429.
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DIFFERENT ANXIOLYTIC-LIKE PROFILES OF NOVEL ANTIPSYCHOTICS
IN RODENTS. C. . Sanchez and J. Am* H. Lundbeck A/S, DK-2500
Copenhagen, Denmark.
An add-on anxiolytic effect is desirable for neuroleptic drugs, as emotional
disturbances are frequently accompanying symptoms in schizophrenic patients.
The non-classical neuroleptic sertindole shows potent anxiolytic-like effects in
rodents and the marmoset1. In the present study we have compared the profiles
of haloperidol and clozapine with the newer antipsychotics sertindole, risperidone,
olanzapine, seroquel and ziprasidone in 3 animal models, i.e. facilitation of
exploratory behaviour of rats in a two-compartment black and white box (B/W),
inhibition of footshock-induced ultrasonic vocalization in adult rats (USV) and
inhibition of isolation-induced aggressive behaviour in male mice (AGGR).
Sertindole is the only compound with an anxiolytic-like profile in the B/W test
(i.e. increased exploration of the white compartment relative to the black).
Olanzapine shows an anxiogenic-like profile, and the other compounds are
inactive or weakly anxiogenic-like. Clozapine, risperidone, seroquel and
olanzapine inhibit USV, whereas sertindole and ziprasidone are inactive.
Haloperidol is also inactive, even at doses that inhibit locomotor activity
markedly. Sertindole, clozapine, risperidone and seroquel inhibit AGGR, whereas
olanzapine is inactive. Haloperidol is also inactive, even at doses that inhibit
locomotor activity of non-aggressive mice markedly. In conclusion, the classical
neuroleptic haloperidol is inactive, and the newer antipsychotics and clozapine
constitute a heterogenous group with regards to anxiolytic-like effects in rodents.

1. Sanchez C. et al.l Drag g>evel. Rr .

34,

1 9.99, 1 995

827.12
A SINGLE INJECTION OF IBOGAINE PRODUCES SIGNIFICANT
ELEVATIONS IN CORTICOSTERONE LEVELS AND SELECTIVE CHANGES
IN THE DOPAMINERGIC SYSTEM IN RAT BRAIN. S.F. Alf. G.D. Newport.

W. Slikker. Jr.. R.B. Rothman and M. H. Baumann
Neurochemistry
Laboratory, Division of Neurotoxicology, NCTR/FDA, Jefferson, AR 72079, and
Addiction Research Center, NIDA, Baltimore, MD 21224.
Recently, we reported that a single injection of ibogaine (IBG) produced
significant alterations in nitric oxide synthase activity and monoamines levels
in mouse brain. Other reports suggest that IBG has moderate binding affinity
for the opioid receptors (kappa and sigma). The neurochemical mechanism(s)
and its role as a treatment medication for drug addiction is still unclear. The
present study was designed to evaluate the effect of IBG on corticosterone
levels and the dopaminergic system. Adult SD rats were dosed with 50 mg/kg
IBG, ip, and sacrificed 15, 30 minutes 1, 2 and 24 hr later. Trunk blood was
collected for hormone levels and brain was dissected for neurochemical
analyses. IBG produced significant elevations in corticosterone levels 15
minutes after drug administration that increased with time up to 2 hr and
returned to control levels 24 hr after dosing. Dopamine (DA) concentrations
in striatum decreased significantly at 30 minutes, 1 and 2 hr after drug
administration, however, it returned to control levels at 24 hr. DA metabolites
DOPAC and HVA concentration increased in a time dependent manner up to
2 hr. At 24 hr DOPAC concentrations were below control values whereas,
HVA returned to control levels. Concentrations of serotonin and its metabolite
5-HIAA were decreased only at 1 hr after the dose administration. These data
suggest that a single injection of IBG can produce significant elevations of
corticosterone and depletion of DA in a time-dependent manner. Future
experiments will determine if these effects are mediated through the kappa or
sigma receptors.
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THE PUTATIVE 'ENDABUSE' IBOGAINE INTERACTS WITH THE
PCP AND SIGMA BINDING SITES IN RAT BRAIN. Yossef Itzhak* and
Sved F. Ali. University of Miami School of Medicine, Miami FL 33101 and
Division of Neurotoxicology, NCTR/FDA, Jefferson, AR 72079.
Although the alkaloid ibogaine is a potent hallucinogenic agent some
indications suggest that it may be useful for the treatment of opioid and
cocaine addiction. The neurochemical mechanism(s) underlying ibogaine
effects remain unclear. In the present study we investigated the interaction
of ibogaine with the PCP site located in the ionophore of the NMDA
receptor complex, with the NMDA receptor binding site, and with sigma
binding sites. In well-washed membrane preparations of rat cortex and
cerebellum, the PCP sites were labeled with pH]MK-801 or pH]TCP, and
the NMDA receptor with pH]CGP 39653. The sigma-1 and sigma-2
binding sites in rat cortex and cerebellum were labeled with pH]pentazoeine
and pH]DTG, respectively. Results indicated that ibogaine interacts with

High and Low affinity PCP binding sites in the cortex: Ki(H) = 0.01-0.05

gM; KiQL=2-4 gM, and only with low affinity sites in the cerebellum:
Ki=2-4 gM. In contrast, ibogaine (> 100 gM) had no affinity for pHCCGP

39653 binding sites (cortex and cerebellum). The affinity of ibogaine for
sigma-1 and -2 binding sites in cortex and cerebellum ranged from 1.5 -3
gM. Since NMDA receptor an^^^onists (e.g., MK-801) are thought to
attenuate opiois withdrawal symptoms and cocaine sensitization, it is
possible that binding of ibogaine to the PCP sites contributes to its potential
'endabuse' properties. In turn, ibogaine interaction with sigma binding sites
may be associated with its adverse effects.

827.15

EFFECTS OF CHRONIC LITHIUM, VALPROIC ACID, AND
CARBAMAZEPINE ON THE EXPRESSION OF THE PKC
SUBSTRATE MARCKS IN IMMORTALIZED HIPPOCAMPAL
CELLS. D.G. Watson1*. R.K.McNamara1. and R.H, Lenox1'2'3.
Departments of Psychiatry^, Pharmacology^, and Neuroscience^, University of
Florida College of Medicine, Gainesville, FL 32610.
Studies in our laboratory and others have provided evidence for a role of PKC
in mediating the effects of chronic lithium in the brain (Manji and Lenox, 1994).
We have previously reported that chronic lithium alters the expression of a major
PKC substrate, MARCKS (Myristoylated Alanine-Rich C-Kinase Substrate),
in both rat hippocampus (Lenox et al, 1992), and in immortalized hippocampal
cells in culture (Lenox et al, 1993). In addition, exposure to phorbol esters also
induces a rapid down-regulation of MARCKS protein via a PKC-dependent
mechanism (Watson et al, 1994). In the present investigation we have compared
the effects of chronic exposure to the anti-manic agents lithium, valproic acid,
and carbamazepine, on the expression of MARCKS protein in immortalized
hippocampal HN33 cells. HN33 cells were grown in inositol-free DMEM media
supplemented with 5% fetal bovine serum. Following exposure to lithium
chloride (1-10mM), sodium valproate (0.5-1.5mM), and carbamazepine (2.5lOOgM), cells were collected, fractionated into soluble and membrane fractions,
and MARCKS protein assayed by western blot analysis. Both lithium chloride
and sodium valproate exposure produced a significant dose-dependent reduction in
MARCKS protein in both the soluble and membrane fractions, following longterm exposure (3-7 days). No alterations in MARCKS protein levels were
observed following acute exposure to either agent. In contrast, no changes in
MARCKS protein levels were detected following long-term exposure to
carbamazepine. Regulation of MARCKS protein may represent a
pharmacological property shared by mood stabilizers with therapeutic efficacy in
the prophylactic treatment of manic-depressive illness. (Supported by NIMH
grant MH50105).

827.17

OTHER

THURSDAY AM

827.14

DANTROLENE DIMINISHED FORELIMB FORCE EMISSION
IN A PRESS-WHILE-LICKING BEHAVIORAL TASK. J.A.
Stanford* and S.C. Fowler. Dept. of Human
Development, Univ. of Kansas, Lawrence, KS
66045.
The peripherally acting striate muscle
relaxant, sodium dantrolene, was evaluated as
a potential means for modeling reduced muscle
tone in freely behaving rats. Animals were
trained to use a single forelimb to exert
continuous downward pressure on a forcesensing operandum, and water reward was made
available to the rat as long as forelimb force
was maintained above 2Og.
Dantrolene (5.0,
7.5, 10.0 mg/kg, ip., 45 min befozre sessions)
significantly and dose-dependently reduced the
rats' force output during the hold., but not
the initiation segment of forelimb responses.
Fourier analysis of the hold segment forcetime records indicated that dantrolene
diminished power above 5 Hz, but did not slow
the oscillatory phenomena quantified by this
method. Time on task was not affected by
these doses of dantrolene.
Together the data
suggest that dantrolene can reduce striate
muscle force production at doses that have
negligible motivational consequences.
Supported by MH43429.

827.16

CPP AND NBQX FAIL TO POTENTIATE DOPAMINE D1 AND D2
AGONIST-INDUCED RESPONSES IN THE 6-OHDA MODEL OF
PARKINSON’S DISEASE. A.T. Shropshire* and K.L. Marquis. Wyeth-Ayerst
Research, CN 8000, Princeton, NJ 08543.
Loschmann et al. (J Neural Transm (1992) [Suppl] 38:55-64) proposed that
AMPA antagonists may be useful for the symptomatic treatment of Parkinson's
disease. Additionally, Wachtel et al. (Neuroscience Letters, 142 (1992) 179-182)
proposed that AMPA antagonists and competetive NMDA antagonists may be
suitable as adjuvants for the treatment of Parkinson's disease. This was based on
(i) the amelioration of parkinsonian symptomology in the MPTP-treated
marmoset upon co-administration of the selective AMPA antagonist NBQX and
the competetive NMDA antagonist CPP with threshold doses of 1-DOPA, and
(ii) the potentiation, by NBQX and CPP, of the turning responses produced by
threshold doses of the dopamine agonists, apomorphine and lisuride, in substantia
nigra lesioned rats. In the current experiment, we examined the effect of
combinations of the dopamine Dl/D2 agonist, apomorphine, and the D2 agonist,
quinpirole, with different doses of NBQX and CPP on turning behavior in rats
with unilateral 6-OHDA lesions of the substantia nigra. Our results fail to
support the hypothesis of Loschmann et al. or Wachtel et al. Neither NBQX (0.4
and 1.56 mg/kg ip) nor CPP (0.1 and 0.4 mg/kg ip) potentiated the turning
behavior produced by apomorphine (0.05 mg/kg ip or sc) or quinpirole (0.05
mg/kg ip). Both antagonists slightly reduced the dopamine agonist-induced
turning in substantia nigra lesioned rats. These results tend to lend support to the
findings of Morelli and Di Chiara (Eur J Pharmacol, 182 (1990) 611-612) that
blockade of NMDA transmission reduces D2 responses. However, we found no
evidence to support their claim that blockade of NMDA transmission potentiates
D1 responses in the 6-OHDA model of Parkinson's disease.

827.18

PROGESTERONE METABOLISM IS REGULATED BY CARBAMAZEPINE

NON-COMPETITIVE NMDA ANTAGONISTS IMPAIR SPATIAL

VIA EFFECTS ON 5a-REDUCTASE IN C6 GLIOMA AND
NEUROBLASTOMA CELLS. B.S.ParT. H.K.Manii and W.Z.Potter.

DELAYED ALTERNATION PERFORMANCE IN RATS: REVERSAL BY
ANTIPSYCHOTICS, Anita Verma* and Bita Moahaddam, Department

Section of Clinical Pharmacology, ETB, NIMH, NIH, Bethesda, MD
20892
Despite the widespread use of carbamazepine (CBZ) in the
treatment of both neurological and psychiatric disorders, its
mechanisms of action remain to be elucidated. In recent years,
considerable research has demonstrated significant effects of
neuroactive steroids on the regulation of neuronal excitability. It
is thus noteworthy that we have previously demonstrated ' that CBZ
increases the levels of pregnenolone (a precursor of neuroactive

steroids) in a time- and dose-related manner in C6 cells. Although
preliminary evidence suggests that these effects may be mediated
via peripheral-type benzodiazepine receptors, CBZ has also been
postulated to interact with 5a-reductase, the enzyme which
converts progesterone to 5a-dihydroprogesterone (DHP); since
DHP plays an important role in regulating neuronal activities, we
investigated the effect of CBZ on progesterone metabolism in both

cultured rat C6 glioma cells and in neuroblastoma cells (since 5areductase activity is higher in neurons). We have found that CBZ

3

alters 5a-reductase activity and therefore the
H-progesterone
conversion rate in both C6 cells and neuroblastoma cells. The
mechanism(s) by which CBZ regulates 5a-reductase activity, and
the potential differences of progesterone conversion in neuronal
and glial cells is currently under investigation.
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of Psychiatry, Yale University School of .Medicine, VA Medical
Center 116A/2, West Haven, CT 06516
In the present study, the effect of non-competitive NMDA

antagonists on a prefrontal cortex (PFC) sensitive task was
examined using a spatial delayed alternation (SDA) paradigm in rats.

In addition, in vivo microdialysis was used to assess the effect of
exposure to ketamine on extracellular dopamine levels in PFC and
striatum. The non-competitive NMDA antagonists, ketamine (10, 20

and 30 mg/kg) and MK 801 (0.1 and 0.5 mg/kg), impaired the SDA

performance as illustrated by the decrease in the number of correct

responses during sessions with 15 sec inter-trial interval, as

compared with the corresponding vehicle-treated control group. A
significant increase in extracellular levels of dopamine was observed
in PFC as compared with striatum following ketamine (30 mg/kg)

administration. The disruptive effect of ketamine on SDA

performance was reversed by haloperidol (0.1 mg/kg) but not by
SCH 23390 (0.1 mg/kg). Raclopride (0.1 and 0.5 mg/kg) produced

partial reversal of ketamine-induced impairment of spatial working
memory performance. These data suggest impairment of PFC-

sensitive SDA performance by non-competitive NMDA antagonists.

A modulatory role for dopamine receptor subtypes in ketamineinduced disruption of spatial working memory is also suggested.
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828.1

NEUROPHYSIOLOGICAL AND BEHAVIORAL EVALUATION OF
TREMBLER MICE BETWEEN 1 AND 2 MONTHS OF AGE. J.A, Gruner* and
A.K. Yee. Dept. of Pharmacology, Cephalon, Inc., West Chester, PA 19380.
The Trembler mouse (heterozygous TR-J+, Jackson Laboratories) is considered a
model of Charcot-Marie-Tooth (CMT) disease. Both humans with CMT and Trembler mice have homologous mutations 'in the PMP-22 gene (Suter et al., TINS 16:50,
1993). Functional impairment of TR-J+ and wild type littermates was assessed at 37,
51, and 65 days of age to determine whether the relative age of onset and progression
of the pathology were similar in mice and humans. Behavioral impairment was assessed by determining the latency for mice to traverse a 60 cm x 19mm rod. Electrophysiological measures included conduction velocities (CV) and amplitudes of sciatic,
sural, and caudal nerves. Behavioral and electrophysiological deficits in Trembler
mice were apparent at 37 d of age and did not markedly progress (see table; *= p<0.05
vs control). Behavioral impairment in TR-J+ mice was indicated by an increased latency to traverse the rod. Conduction velocity deficits for sural and caudal nerves
were similar to those shown below for .the sciatic n. Amplitude measures for all three
nerves were reduced by 68% or more in TR-J+ mice and did not significantly change
over time.______________________________________________________________
Measure
Sciatic CV (m/s)
Rod Latency (s)
37d
Age
5 Id
65d
37d
5ld
65d
7.8±O.6*
TR-J+ 6.5±l.O* 5.2±O.8* 5.5±O.5* 6.2±O.3* 6.9±O.3*
2.O±O.l
24.5±l.8 29.8±0.2
l.8±O.2
3O.l±l.2
control 3.UO.6
In contrast to these data, human neurological symptoms of CMT typically are not seen
until late childhood and progress to moderate disability by age 30. We conclude that
the Trembler mouse may be an appropriate model for assessing the ability of agents to
reverse the neurologic deficits of c Mt . However, since neurological deficits in the

828.2

ALTERED SCHWANN CELL PHENOTYPE ASSOCIATED WITH PMP22 PRODUCTION IN TREMBLER-J MICE. L. Notterpek. G.J. Snipes*
and E.M. Shooter. Depts. of Neurobiol. and Neuropathol., Stanford Univ.
Sch. of Med., Stanford, CA 94305
Peripheral myelin protein (PMP-22) is a Schwann cell glycoprotein
found in compact myelin of the peripheral nervous system. Mutations,
duplications or deletions of the PMP-22 gene are associated with
peripheral neuropathies in mouse and human. The Trembler-J (Tr-J)
mouse mutant carries the same single point mutation that has been
identified in an affected human pedigree. Tr-J animals show severe
hypomyelination and reduced steady-state levels of PMP-22 mRNA. The
specific aim of our studies is to determine how the Tr-J mutation alters
normal processing of PMP-22. Genotyped Tr-J Schwann cells were
isolated and cultured in parallel with normal litter mates. Compared to
normals, Tr-J Schwann cells exhibit distinct morphology and decreased
rate of proliferation when cultured in the presence of forskolin and glial
growth factor. Double immunolabeling with polyclonal PMP-22 antisera
and monoclonal organelle markers indicate differences in the level and
localization of PMP-22 in Tr-J Schwann cells. In normal Schwann cells
PMP-22 levels are low and the highest level of immunoreactivity is
concentrated in the perinuclear region of the ER. In Tr-J, intense PMP-22
like immunoreactivity extends throughout the cytoplasm, including
apparent colocalization with lysosomal structures. These data suggest that
increased levels of PMP-22 protein (mutant and wild-type) are associated
with decreased proliferation of Tr-J Schwann cells in culture. Studies are
in progress to identify further differences in processing and translocation
of normal and mutated PMP-22 protein when Schwann cells are
cocultured with dorsal root ganglion neurons and induced to myelinate.

Trembler mouse appear early and fail to progress, this model is inappropriate for
evaluating agents intended to affect the pathogenesis of CMT.

828.3

CORTICAL GLIA FROM TS16 TRISOMIC MICE REDUCE
CHOLINERGIC EXPRESSION IN CULTURED NEURONS. P.G.
Nelson. D.v. Agoston. S.C. Fitzgerald. Lab. Dev. Neurobiol.,
NICHD, NIH; S. Rapoport*. Z. Galdzicki. Lab. Neurosci., NIA, NIH,
Bethesda, MD 20892.
Cultures of mouse ventral spinal cord express choline acetyltransferase (ChAT), detected as enzyme activity in homogenates or
immunocytochemically in individual neurons. Glia-neuron
interactions important for neuronal survival and cholinergic
expression have been demonstrated in this system. We studied
cholinergic expression of cultured neurons grown on cerebral cortical
glia derived from either normal or TS16 trisomic animals. The TS16
trisomy is of particular interest in that it is homologous to the human
Trisomy 21 (Down ' syndrome). The ChAT enzymatic activity of
neurons grown in the TS16 glia was reduced to 54% of control
values. Total neuronal counts were no different in the two
conditions. TS16 neurons grown on TS16 glia expressed ChAT
levels 37% of normal. When TS16 neurons were grown on normal
glia, ChAT levels were 63% of normal. This was significantly greater
than the values for TS16 neurons growing on TS16 glia. We
hypothesize that glial cells derived from TS16 animals are either
deficient in some cholinergic trophic agent or, more probably,
produce some material with a negative effect on neuronal function
with some specificity for cholinergic neurons.

828.5
GENOTYPIC INFLUENCES ON CYTOKINES EXPRESSION IN
ASTROCYTES. THE ROLE OF THE COMPLEMENT COMPONENT C5.
M.G. De Simoni1, P. Mascarucci!, T.H. Hogan2, S.A. Johnson3* and G.M.
Pasinetti2.1Mario Negri Research Institute. Via Eritrea 62, Milano, Italy 20157;
^Division of Neurogerontology, Andrus Gerontology Center, USC, Los Angeles,
CA 90089; 3Cortex Pharmaceutical, Irvine, CA 92718.
Many proinflammatory complement (C) components are associated with
amyloid deposits in Alzheimer disease (AD) brain. However, the role of C in AD
is little understood and may be pertinent to the recruitment and activation of
inflammatory cells. Because astrocytes express C5a receptor (C5aR) and because
of the C5 derived anaphylatoxin C5a control of cytokine expression in peripheral
cells, we further explored the secretion of TNF and IL-6 in astrocytes of C5
deficient (C5) mice and compared with astrocytes from congenic c 5 sufficient
(C5+) mice. We found that monotypic cultures of cortico-hippocampal astrocytes
originated from neonatal C5' mice secrete >8 times more TNF and IL-6 than
astrocytes from congenic C5+ mice 24 hrs after endotoxin stimulation (10 ^g/ml).
No detectable TNF and IL-6 signal was found in conditioned medium of control
endotoxin free astrocyte cultures of both genotypes. These data suggest that the
lack of C5 (C5a?) might predispose astrocytes to a more reactive state in vitro.
These data are consistent with the >2 fold higher induction of the astrocytic
markers GFAP and apoE mRNAs in hippocampus of C5' mice following
excitotoxic kainic acid lesions, compared to C5+. These studies give basis for
further exploration of the role of recombinant and native C5a anaphylatoxins on
cytokine gene expression, glial activation in C5aR knockout mice. This work was
supported by the Nathan W. & Margaret T. Shock Aging Research Foundation
to GMP.
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828.4

MONOCYTE RECRUITMENT IN BRAINS OF TRANSGENIC MICE
EXPRESSING MONOCYTE CHEMOTACTIC PEPTIDE-1 (MCP-1). IN THE
CENTRAL NERVOUS SYSTEM. M.E. Fuentes. M.R. Swerdel. S. Durham.
M. Barhacid* . R . Bravo. S. Lira. Bristol-Myers Squibb Pharmaceutical
Research Institute, Princeton, NJ 08543.
It has been postulated that chemokines mediate cell migration to the
central nervous system (CNS) during pathological conditions. Monocyte
chemoattractant peptide (MCP-1), a member of the C-C chemokine subfamily,
has been shown to have a potent chemoattractant activity for monocytes in vitro
and to be expressed during the development of experimental immune
encephalomyelitis, an animal model of multiple sclerosis. In order to study the
biological role of MCP-1 in vivo, and to examine its role in the development of
brain inflammation, we developed a transgenic model system in which MCP-1
expression is driven by the myelin basic protein promoter. In such transgenic
mice, we observed maximal transgene expression (RNA) at three weeks of age
throughout the white matter, as expected for this oligodendrocyte-specific
promoter. Coincident with the temporal and spatial pattern of transgene
expression, we found a significant infiltration of mononuclear cells. The
recruited cells were predominantly perivascular in orientation with a modest
degree of parenchymal infiltration. The vast majority of the cells recruited were
monocytes/ macrophages, according to histological and immuno-histochemical
criteria.
These results clearly demonstrate that MCP-1 can direct monocyte
trafficking in vivo. Furthermore, they establish these transgenic mice as
important models to study inflammatory cell recruitment to the CNS and the
involvement of chemokines in the ethiopathology of inflammatory brain disease;

828.6

GENOMIC IMPRINTING AND AUDIOGENIC SEIZURES IN
MICE. M.Banko. K.Allen . S.Polina, P.Neumann and
T.N.Sevfried*Boston College, Boston MA 02167.
Audiogenic seizures (AGS) are severe convulsions induced in
some strains of mice by loud, high-frequency sound. AGS
susceptibility in DBA/2J (D2) mice is maximum at 21 days of age
and gradually subsides with adulthood. Epilepsy prone (EP) mice
were selected for high AGS susceptibility in a BALB/c line. Unlike
D2 mice, EP mice are maximally AGS susceptible at 30 days of
age, and this susceptibility persists into adult ages. The seizure
phenotype is similar in both the EP and D2 mice. Crosses were
generated between the EP and D2 mice to determine the genetic
mechanisms that may account for the difference in seizure
susceptibility at 30 days of age. Although EP and D2 mice exhibit
high susceptibility to AGS at 30 days of age (86% and 53% seizing,
respectively), the reciprocal EPD2F1 and D2EPF1 hybrids were
mostly seizure resistant, (14% and 16% seizing, respectively),
suggesting that AGS susceptibility in these mice is inherited as a
recessive trait. In the EP X EPD2F1 backcross, significant
associations were found between AGS susceptibility and several
markers near Asp-3 on proximal Chromosome 7. In the reciprocal
EPD2F1 X EP backcross, however, no significant associations were
found between AGS susceptibility and these markers. These data
suggest that genomic imprinting may influence the expression of
gene(8) on Chromosome 7 involved with AGS susceptibility.
Moreover, these findings indicate that different genetic factors are
responsible for AGS susceptibility in the EP and D2 mice, further
substantiating interallelic heterogeneity for audiogenic seizure
susceptibility in mice. (Supported by NIH grant NS23355, Boston
College REG and MRC-Crniada)
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828.7

PROGRESSIVE COGNITIVE IMPAIRMENT IN DISCRIMINATED
AVOIDANCE PERFORMANCE IN GFAP-IL6 TRANSGENIC MICE.
LJL__ Gold.*.,__ £LL___ Hgysgr and LL Campton.
Dept. of
Neurophairnacology, The Scripps Research Institute. La Jolla, CA 92037.
Transgenic mice that express the pro-inflammatory cytokine IL-6 in the
CNS under the regulatory control of the glial fibrillary acidic protein
promoter (GFAP) develop progressive neurodegenerative disease. The
relationship between the neurological disease exhibited by these mice and
functional neurobehavioral outcomes was examined. Heterozygous or
homozygous GFAP-IL6 mice and control littermates were repeatedly
tested at different ages in a Y-maze task for their ability to learn a
nonconditional spatial discrimination to avoid the onset of a mild
footshock (5 trials/day for 6 days). Both the number of correct avoidances
and errors were used as an index of learning performance. When tested at
3 months of age heterozygous mice were able to learn at the same rate as
control mice, whereas homozygous mice were significantly slower to
acquire the avoidance response. At 6 months of age, heterozygous mice
exhibited a deficit in the ability to learn the avoidance response
intermediate to that of the controls and homozygotes. At 12 months of
age the performance of both heterozygous and homozygous mice had
declined even further. At this age both groups failed to demonstrate
acquisition of the avoidance response and made significantly more errors
when compared to age-matched controls and their own performance at 3
and 6 months of age. No correlation was observed between motor
function/coordination and the impaired learning ability of the transgenic
groups and no differences were observed between the groups in a test of
shock sensitivity. These data demonstrate a progressive learning
disability in the GFAP-IL6 mice which is correlated with the progressive
neuropathological changes observed in these animals and is not
consequent to impaired motor or somatosensory function.

828.9

A NEW SPONTANEOUS MOUSE MUTATION RESEMBLING HUMAN
NIEMANN-PICK TYPE C DISEASE. B. Kosaras. A. Li and R.L. Sidman* Div.
of Neurogenetics, New England Regional Primate Research Center, Harvard
Medical School, Southborough, MA 01772-9102.
Several filial generations after a C57BL/6J x BALB/cByJ cross, a
single female mouse in a litter of five was noted at 45 days of age (P45) to show
weakness of hindlimbs, tremor, and instability of gait. The motor disorder
progressed, the mouse lost weight, and died at P9O. Similarly affected mice of
both sexes were produced by her sibs, and in subsequent generations in this
pedigree. Affected mice have not generated offspring, but the 23/109 affected
progeny to date from phenotypically normal carriers strongly suggests
autosomal recessive inheritance. At autopsy, the liver color is pink to
yellowish-white. Many liver cells are enlarged with multiple vacuoles and
granules, some staining with sudan black B for lipids and with the fluorescent
filipin reagent for unesterified cholesterol. Macrophages rich in cytoplasmic
granules are prominent in spleen, lymph nodes, and lung. Large cells in bone
marrow smears showed intense cytoplasmic fluorescence with filipin. Staining
of paraffin sections of formalin-fixed tissues with the periodic acid-Schiff
method is variable from cell to cell in many organs, but is never strong. Brain
weight was about 80% of normal. Somas and dendrites of large neurons in
dorsal root ganglia, spinal cord, cerebellum, cerebral cortex and retina were
distended with lysosome-sized granules that vary in EM appearance from
membrane-bound homogeneous organelles to granules rich in myelin-like
membranes. Many myelinated and unmyelinated axons in CNS and PNS are
dramatically distended focally to 5-10 times their normal diameter with
similar granular inclusions. Cerebellar Purkinje cells are reduced in number.
These features are consistent with descriptions by others of mouse and human
inherited disorder(s) classified as Niemann-Pick Type C disease. Chemical,
genetic and tissue culture tests are in progress.

828.11

A PRELIMINARY EXAMINATION OF THE ROLE OF LTP/LTD IN
AMYGDALA KINDLING USING TRANSGENIC CaMKII-Asp 286 MICE.
D.P. Cain* and Mark Mavford. Dept. Psychology/Neuroscience Program, Univ.
Western Ontario, London, N6A 5C2 Canada and Howard Hughes Medical
Institute/Dept. Neurobiology and Behavior, Columbia Univ., 722 West 168th St.,
New York, N.Y. 10032.
The role of long term potentiation (LTP) has been hypothesized to be
important in the kindling model of epileptogenesis. The role of long term
depression (LTD) in kindling is not known. The availability of a line of
transgenic mice with a mutant form of calcium calmodulin-dependent protein
kinase II, resulting in the production of LTD instead of LTP in response to 5-10
Hz stimulation (Mayford et al., submitted), allows an examination of the role
of LTP/LTD in epileptogenesis. Therefore we surgically implanted indwelling
electrodes into the amygdala and applied a 1-sec train of pulses once daily to
evoke after-discharge (AD), a predominant frequency of which was in the 5-10
Hz range. The duration of evoked AD was nearly twice as long in mutants as
in wild-type mice in both the stimulated and contralateral amygdala. Despite
this, the rate of kindling to the first generalized convulsion did not differ
between the groups (mutants = 12.0 ADs, wild-type = 10.9 ADs). The kindled
state was retained equally well by the two groups after a 4-wk stimulation-free
interval. These results indicate a partial disconnection between AD duration and
rate of kindling development. This suggests that a reduction in LTP associated
with epileptiform spiking in the range of 5-10 Hz may be linked with the failure
of the mutants to develop kindled seizures more rapidly than wild-type mice.
Supported by NSERC and HHMI.
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828.8

EFFECT OF THE WEAVER MUTATION ON THE EXPRESSION OF
DOPAMINE TRANSPORTER IN NEURONS OF THE SUBSTANTIA NIGRA
PARS COMPACTA. C. Adelbrecht. Y. Agid and R. Raisman-Vozari* INSERM
U 289, 75013 Paris, France.
"
Under physiological conditions, the reuptake dopamine transporter (DAT),
located at the plasma membrane, is responsible for dopamine (DA) transport from
the synaptic cleft back into the cytoplasm, where they may be repackaged by the
vesicular transporter (VAT) into storage organelles, enabling further removal of
DA from the synaptic cleft and protection from degradation. Thus, DA
transporters play an important role in neurotransmission and could be targets for
pathological and/or pharmacological agents. Although the mechanisms involved
m dopaminergic cell loss in the homozygous weaver mice (wv/wv) are still
unknown, the earliest and largest defect of the dopaminergic system is the decrease
in striatal DA uptake (Simon et al.,J. Neurochem. 62,543,1994). The cause of this
decrease remains unclear but it could be the consequence of an abnormal
expression of uptake- and/or storage-related proteins induced by the weaver
mutation. Quantitative in situ hybridization of DAT, VAT and tyrosine hydroxylase
(TH) mRNAs, carried out on surviving DA cells of the substantia nigra pars
compacta (SNC) from two months old weaver mice (wv/wv) showed a significant
decrease of DAT expression (-60%) when compared to normal control mice
( + / + ). DAT mRNA also decreases in SNC cells in heterozygous weaver mice
(wv/ + ) although differences are not significant. In contrast the expression of VAT
and TH mRNAs was not affected in the remaining DA neurons of the weaver
mice (wv/wv). The specific decrease of DAT mRNA in the surviving neurons of
the adult weaver mice could result from a feed-back regulation due to a deficient
interaction between dopaminergic nerve terminals and striatal targets.
Nevertheless, a genetic alteration of DAT can not be excluded. Studies of DAT
expression at early stage during post-natal development are now underway to
answer these questions.

828.10

CHROMOSOME LOCALIZATION OF THE NEUROLOGICAL MOUSE
MUTATIONS TOTTERING (tg), PURKINJE CELL DEGENERATION (pcd),
AND NERVOUS (nt).
DQ. Cmniptell* and E.J . Hess. Department of
Neuroscience & Anatomy, The Pennsylvania State University College of Medicine,
Hershey Medical Center, Hershey, PA 17033.
Tottering (tg), Purkinje cell degeneration (pcd), and nervous (nr) are all recessive
neurological mutations in the mouse. The mutated gene has been identified in none
of these mutants. Positional cloning allows the identification of mutant genes
without a priori knowledge of the biochemical function of the gene product or the
anatomical site of mutant gene expression. Instead, this cloning method identifies
abnormal genes based on their physical location in the genome. However, a major
rate-limiting step in positional cloning has been the identification of an exact
chromosomal location for the gene of interest. We have developed a strategy to
rapidly identify the precise chromosomal regions containing the mutant genes of
interest. Our strategy takes advantage of the existence of congenic strains: many
mutations in the mouse arose spontaneously in one inbred strain and were
subsequently backcrossed onto a different inbred strain. After several generations
of backcrossing, the only DNA retained from the original strain should be that
immediately surrounding the mutant locus; this DNA is readily distinguishable by
simple sequence length polymorphisms (SSLPs) between the original strain and the
backcross strain. By screening SSLPs in congenically bred mutant mouse strains,
we have pinpointed the chromosomal locations of tg, pcd, and nr.' The tg mutation
lies within the 1.1 centimorgan (cM) interval distal to D8MitlO3 and proximal to
D8Mit79, D8MitlO5, and D8Mit283 on mouse chromosome 8. The pcd locus maps
to the 3.8 cM region between Dl3Mitl4O and Dl3Mit67 on chromosome 13. The
nr locus maps between D8Mitl55 and D8Mitl8, a 5.6 cM interval of chromosome
8. In addition to providing specific map positions for these loci, the tightly-linked
molecular markers also allow genotyping of tg, pcd, and nr mutant pups, making
feasible developmental studies of the late-onset neurological phenotypes caused by
these mutations. Supported by a Klingenstein Fellowship.

828.12

TARGETING OF THE DOPAMINE D3 RECEPTOR GENE IN EMBRYONIC
STEM CELLS: ENRICHMENT FOR HOMOLOGOUS RECOMBINATION BY
DESTABILIZING SELECTION MARKER TRANSCRIPTS FROM RANDOM
INTEGRATION SITES. B.V. Skrvabin* and C. Schmauss. Dent. Psychiatry &
Brookdale Center for Molecular Biology. Mt. Sinai Sch. of Med.. New York. NY
10029.

Successful gene targeting by homologous recombination is largely
determined by the relative frequency of homologous vs. nonhomologous recombination events. A widely used selection method for
homologously recombinant ES cells is a positive-negative selection
(PNS) which typically involves the placement of the thymidine kinase
(TK) gene outside of the targeted homology and the addition of
antiviral drugs to the ES cell-selection media. However, the toxicity of
such drugs (gancyclovir or FIAU) is thought to impair the ability of ES
cells to colonize the germ line. An alternative to the use of antiviral
agents in conjunction with G-418 for PNS is to destabilize only that
portion of the neomycin phosphotransferase II mRNA that derives
from random integration sites (positive selection). We have targeted the
dopamine D3-receptor gene locus in mouse ES cells with 5 different
replacement targeting vectors. Four vectors contained one of the
following sequence elements that are thought to destabilize the
neomycin-resitance-gene (neo1) transcript: 1.) A poly (A+) less neo*cassette; 2.) a neo ribozyme with proven catalytic activity, 3.) a mutant
ribozyme placed outside of the targeted homology (control); and 4.) an
antisense neO sequence. A control vector contained the TK gene placed
outside of the targeted homology. Our initial results indicate that these
strategies are effective alternatives to the selection with antiviral agents.
(Supported by NSF IBN-9409772).
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828.13
GENE TRANSFER AND THE EXPRESSION OF AN
EXOGENOUS GENE IN VIVO USING THE
HEMAGGLUTINATING VIRUS OF JAPAN-LIPOSOME
METHOD. K. Kato
. and S. E. Fraser&*aNara Institute of Science

and Technology, 8916-5 Takayama, Ikoma, Nara, 630-01, Japan; bDivision
of Biology, Caltech, Pasadena, CA 91125.
We have established a simple and efficient method for gene transfer in
vivo in post-mitotic neurons of adult rat brain using nuclear protein,
liposomes, and hemagglutinating virus of Japan (HVJ; sendai virus).
Simple plasmid DNA and nuclear protein (HMG1: non-histone chromosomal
protein high mobility group 1) that co-encapsulated in liposomes were cointroduced into cells by HVJ-mediated membrane fusion. The DNA was
then carried into the nuclei of nondividing cells with the aid of the nuclear
transport system of HMG1.
HVJ-liposomes containing the E.coli p-galactosidase gene under control
of a chicken p-actin promoter were stereotaxically injected into various brain
areas of adult rats, such as hippocampus, cerebellum, cerebral cortex, or
caudate putamen. Neuronal cells that expressed the p-galactosidase gene
were detected only in the target area of the injected brain of adult rat for 10
days by light microscopic analysis. Electron microscopic analysis revealed
that the product of the histochemical reaction were associated with the
nuclear membrane and the endoplasmic reticulum of positive cells; it
appeared that the products were translated endogenously. Moreover, the
products were observed in typical neuronal cells with large, round, and pale
nuclei, and with direct axo-somatic and axo-dendritic synaptic contacts.
We are currently applying this system to investigate rhombomere
development in the chicken embryo hindbrain.

828.15

CYTOCHROME OXIDASE ACTIVITY IN THE NAPLES HIGHAND LOW-EXCITABILITY RAT LINES: A STUDY OF BRAIN
ACTIVTTY DIFFERENCES IN A GENETIC MODEL. K. Nixon*.
D. Hu. Ft Gonzalez-Lima. and A.G. Sadile1 Dept. of Psychology
and Inst. for Neuroscience, University of Texas at Austin, Austin,
TX, 78712, USA; Hnst. of Human Physiol., 1st Medical School,
University of Naples, Naples, Italy.
Quantitative Cytochrome Oxidase (C.O.) histochemistry, a
metabolic marker for neural activity, was used here, for the first time,
to detect functional brain differences between three different
genotypes. The Naples High-Excitability (NHE) and Naples LowExcitability (NLE) rat lines were selectively bred according to the
frequency of reamings and comer-crossings during forced exposure to
spatial novelty, both of which are hallmarks of hippocampal
dysfunction. Although several neuro-behavioral studies have shown
these animals to be a plausible model for hippocampal function, these
results need to- be confirmed by other means. Using quantitative
image analysis, six areas of interest within the hippocampal
formation, including the CA fields, the inner blade, and the outer
blade of the dentate gyms, were sampled in naive rats. Significant
differences in C.O. activity were detected between the NHE and
random bred controls in the area of the inner blade of the dentate
gyrus. Previous research has shown a similar decrement in activity in
this same area during high behavioral arousal. These findings
support the NHE and NLE rats as models for hippocampal function,
and, perhaps, a generalized genetic model of hyperactivity.

828.14

DIRECT cDNA SELECTION BY HYBRIDIZATION OF MOUSE CEREBELLAR LIBRARIES AGAINST MICRODISSECTED DNA POOLS FROM
THE MMU16 C3-C4 REGION. J.J. Wei. M.E. Hodes, Y. Wana. Y. Fena.
B. Ghetti and S.R. Dlouhv*. Depts. of Pathology and Lab. Medicine and of
Med. and Mol. Genetics, Indiana Univ. Sch. of Med., Indianapolis, IN
46202.
The distal one third of mouse chromosome 16 is homologous to a part of
human chromosome 21 and contains the murine mutant weaver (wv). The
molecular basis of this disorder remains unknown. In this study, cDNA
segments were selected directly by hybridization of newborn mouse
cerebellar cDNA against genomic DNA pools generated by microdissection
of the MMU16 C3-C4 region. Following two rounds of PCR-based DNAcDNA hybridization, cDNA fragments were cloned into PCR II. About 15%
of 300 recombinants analyzed do not contain repetitive sequence and 75%
of these unique sequences were mapped to the microdissected
chromosome by analysis of somatic cell hybrids and/or by genetic linkage
analysis. More than 60% of such cDNA clones (as assessed by RT-PCR)
represent transcripts that are expressed in adult mouse cerebellum and
northern blots show that some of these are brain- specific. The cDNAs
should be useful reagents for further neuromolecular studies (e.g., as wv
candidates). One selected cDNA clone appears to represent the glutamate
receptor, Glur5, which is specifically expressed in postnatal mouse
cerebellum and was mapped previously to MMU16. Seventeen of our
cDNAs have been mapped genetically within a 20 cM interval on distal
MMU16. We conclude that direct cDNA selection from microdissected
materials is a practical way of constructing a transcription map of this
region. (Supported by USPHS P01 NS27613 and R01 NS14426)

828.16

ASSESSMENT OF THYMIDINE KINASE DEFICIENT HERPES SIMPLEX
VIRUS TYPE 1 AS A TRANSFER VEHICLE INTO SYMPATHETIC
PREGANGLIONIC NEURONS. M.A. LeVatte'. G.A. Dekaban and L.C. Weaver.
Neurodeg. Research Group, Roberts Research Institute, London, Ontario, N6A 5K8.
The sympathetic nervous system discretely controls blood pressure as well as blood
flow to different visceral organs. Long term improvements in faulty control of
discrete functional groups of spinal sympathetic preganglionic neurons (SPNs) might
be accomplished by introducing corrective genes into these cells using replicationdefective herpes simplex virus type 1 (HSV-1). Our initial experiments assessed the
suitability of HSV-1 as a transfer vehicle into SPNs. The Escherichia coli (3galactosidase (3-gal) gene or the human placental alkaline phosphatase (AP) gene
was inserted into the thymidine kinase gene, generating replication-defective TK-3gal or TK-AP (thymidine kinase mutant of HSV-1 expressing 3-gal or AP,
respectively). To assess whether these mutants retained their neurotropic properties,
TK-3-gal was directly inoculated into the spinal cord of hamsters at thoracic (T)
segment 6-8. At 3 or 5 days post-inoculation, neurons and numerous oligodendrocytes in the spinal cord were infected with TK-3-gal. To target only SPNs and
to assess uptake and retrograde transport of this replication defective HSV-1 into the
cord, the TK-AP was inoculated into the left adrenal gland of hamsters. Two, four
or five days later, the spinal cords were removed and examined for the presence of
TK-AP using AP histochemistry. At 2 days, many SPNs expressing AP were found
in T6-9. Very few oligodendrocytes were infected and few inflammatory infiltrates
were visible upon counterstaining the cord. At 4 days, fewer SPNs expressing AP
were detectable and infiltrates were present. At 5 days, very few SPNs expressing
AP were found and inflammatory infiltrates were more abundant. In more
preliminary experiments TK-3-gal also was retrogradely transported from the adrenal
gland to the spinal cord. These studies demonstrate that 'a TK-HSV-1 can be
retrogradely transported from the periphery to the spinal cord to transduce limited
groups of SPNs specifically. Supported by MRC Canada.
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QUANTIFICATION AND SPECIFICITY OF HIPPOCAMPAL NEURONAL LOSS
FOLLOWING NEONATAL INFECTION WITH LCMV B.D. Pearce*. S.C.
StefTensen. S.J. Henriksen. M.J. Buchmeier. J.R. Baldridge. A. Paoletti. A.H. Miller
Emory Univ Sch of Med, Atlanta, GA 30322; Scripps Res Inst, La Jolla, CA 92037
While a perinatal viral insult has been implicated as a potential causative factor
in developmentally-derived hippocampal pathology, the mechanism by which a viral
infection during development could disrupt hippocampal structure and function has
not been defined. Accordingly, we infected neonatal rats i.c. with lymphocytic
choriomeningitis virus (LCMV) and measured electrophysiological and
neuropathological changes in the hippocampus. In rats studied at 84-102 days post
infection, virus was cleared from dentate granule neurons, yet, Nissl stained cells
in the dentate granule layer were decreased by 67.5% (internal limb) and 74.5%
(external limb) in LCMV-infected rats, (p<0.002).
In addition, in vivo
electrophysiological measures, recorded from the hippocampal dentate granule layer
in response to paired-pulse stimulation of monosynaptic afferents, revealed a marked
decrement in the GABA-mediated recurrent inhibition to dentate granule cells,
suggesting that dentate granule cells were receiving enhanced excitatory input,
perhaps due to an early loss of GABAergic inhibitory intemeurons. A subset of
GABAergic intemeurons in the dentate gyrus contain parvalbumin which may
protect these cells from Ca^-induced damage. Quantification of intemeurons stained
for parvalbumin revealed a 72% loss of these cells in the dentate gyms of LCMVinfected rats (p<0.05). Since rats were infected prior to the developmental stage at
which parvalbumin appears, immature neurons (those lacking their protective
parvalbumin) may have been particularly vulnerable to the early effects of the vims.
These data suggest a novel neuropathogenic mechanism involving an early virusinduced loss of inhibitory intemeurons resulting in an unleashing of excitotoxic
synapses op dentate granule cells (with resultant cell death), and thus perpetuation
of a pathologic cascade which continues in the absence of detectable vims.
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EFFECT OF CHRONIC HYPOXIA ON CORTICAL CELL NUMBERS AND
VASCULAR DENSITY. W.P,Sl£wart*, MA SalvaKny, V,V, Pathy, Q,Q,
Haddad. L.R. Ment. and M.L. 'Schwartz. Depts of Surgery (Anatomy), Pediatrics,
Neurology and Neurobiology. Yale Univ. Sch. of Med. New Haven CT 06517.
Premature infants often undergo chronic hypoxic episodes. In order to examine
the effects of hypoxia on brain development, we have raised rats from postnatal day
3 to 33 in a chamber where 02 levels were controlled at 9 to 10%. The rats were

sacrificed and their brains removed for a quantitative study of cells and microvessels
of the neocortex. Cell counts were performed on Nissl stained sections using the
optical dissector method. Neurons and glial were counted separately, using nuclear
morphology to assign them provisionally to either category. Microvessels were
counted using the dissector method in unstained, wet-mounted, randomly oriented
cortical sections.
Hypoxic 'rats (N=5) had smaller cortical volumes than control rats (N=5) (127
mm3 vs 156 mm3, p<.0.03). Also, the density of neuronal-like cells was higher in
the hypoxic rats (174,000 / mm3 vs 96,000 / mm3, p<0.02). Despite the smaller
cortical volume, there were more of these cells in hypoxics than controls (22.2
million vs 14.9 million, p<0.06). By contrast, the number of glial-like cells were
similar (2.6 million - hypoxic vs 2.2 million - control). Hypoxic rats had a higher
density of capillaries than controls (518 cap. / mm2 vs 400 cap. / mm2, p<0.03).
We conclude that neonatal brain has a number of adaptive responses to hypoxia.
These include increased vascular density and alterations in programmed cell death.
Definitive analysis of this latter possibility is currently being examined using immunohistochemical methods to discriminate between neurons and glia. In addition,
these changes in cortical volume and cell density suggest that there may also be
decreases in the volume of the neuropil or the extracellular space. This work was
supported by NS32578.
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PRENATAL Y-IRRADIATION REDUCES PREPULSE
INHIBITION OF STARTLE RESPONSE IN RATS. M, Mintz, A,
Bgn-Eliyqhy, < MJMyslQteMdky.?, Psychobiology Res. Unit, Dept,
of Psychology, Tel Aviv Univ., Ramat Aviv, Israel
The pathophysiology of behavioral anomalies caused by
prenatal irradiation is frequently obscured by the complexity of behaviors
used in such studies. To simplify the experimental models we explored
changes in the prepulse inhibition (PPI) in Sprague-Dawley rats submitted
to whole body y-irradiation (Theratron 780 °0Co source at 1.5 Gy and a
dose rate of 0.15 Gy/min) on Days 15, 17, or 19 of gestation (G). Shamirradiated rats served as controls. At postnatal day 25 (P25), startle response
was assessed to a train of white-noise bursts (122 dB; 40 msec). Following
habituation, rats were exposed to a white-noise prepulse (20 dB; ISI= 1OO
msec). At P25 all irradiated groups had higher startle response to the first
noise burst compared to controls (F3 J6 = 4.1, p<.02). In G15, startle
amplitude remained elevated throughout the whole session. By contrast,
other irradiated groups habituated to control level at the same rate. PPI was
reduced in all irradiated groups. The retest of startle at P55, showed its
facilitation in G17 and G19 groups. In G19, habituation to control levels
was markedly delayed (ti 8=6.8, p<.01). PPI remained decreased in both
irradiated groups (animals irradiated on day 15 were not available for
analysis) but not at statistical significance level. The possibility is discused
that reduced PPI is associated with deficient telencephalic structures,
perhaps the prefrontal cortex and hippocampus that are implicated in
PPI of startle response.

ON THE MECHANISM OF NEONATAL TOLERANCE TO ENERGY
DEPRIVATION IN CNS WHITE MATTER. B. R. RANSOM*' P. DAVIS
& R. FERN Dept. of Neurology , Yale University School of Medicine, New Haven, and
Neuroscience Research Center , VA Medical Center, West Haven. CT.

The neonatal CNS is relatively resistant to anoxic injury. Prolonged perinatal
anoxia/ischemia, however, causes neurological dysfunction by preferentially damaging
white matter. We studied the mechanism of neonatal white matter resistance to
anoxia/ischemia using the isolated rat optic nerve, a CNS white matter tract. Optic
nerve integrity was monitored electrophysiologically by recording the supramaximal
compound action potential (CAP). Neonatal nerves (P6-10) were injured as severely as
adult nerves by 60 min of combined anoxia/0-glucose (ischemic conditions). This
suggested that adult and neonatal nerves had a similar innate susceptibility to injury
from near total energy deprivation (i.e. loss of both aerobic an anaerobic metabolism).
Removal of either O2 or glucose for 60 min, however, produced non-reversible CAP
loss in adult but not in neonatal optic nerves. Susceptibility to injury from removal
of 02 or glucose developed rapidly between P10-20. Optic nerves survived if glucose
was replaced by lactate, and glycogen contained in astrocytes (none is present in
axons) could be a source of lactate in 0-glucose. Block of lactate transport with acyano-4-hydroxycinnamic acid potentiated the effect of 0-glucose in both adult and
neonatal nerves, which supported this hypothesis. These data suggested that astrocytes
protected axons from 0-glucose injury by exporting lactate, presumably following
glycogen breakdown, via the extracellular space, to axons. This mechanism could not
act to protect neonatal nerves from combined anoxia/0-glucose because lactate
metabolism requires the presence of 02. This mechanism allowed neonatal nerves to
survive more effectively than adult nerves in 0-glucose, possibly because of a lower
energy requirement in neonatal white matter. Although P6-10 nerves were as prone to
injury from combined anoxia/0-glucose as adult nerves, preliminary data indicated that
nerves from PI-4 rats were resistant to these conditions. Supported by NIH grants.

829.5

829.6

NEUROANATOMICAL
ANOMALIES
IN
MICE
EXPOSED
TO
PRENATAL RADIATION S.L Schmidt* M.2). M.H,F. Souza (1), and Y. Abreu-

INHIBITION OF L1-MEDIATED CELL-CELL ADHESION BY ETHANOL.

Vilaga (1). (1)Dept Fisiologia, Universidade do Estado do Rio de Janeiro, RJ,
20551030, Brasil. (2)Dept. Psychology, University of Alberta, Canada.
In adult mice, prenatal ionizing irradiation at 16,17 and 19 days of gestation with
3Gy causes reduction of the corpus callosum (CC). Here, we reported the shortterm effects after irradiation at E16 with 3Gy and the effects in adult animals after
irradiation at E15 with doses lower than 3 Gy (0.5, 1.5, 1.75, 2.0, 2.5 Gy). To study
the short-term effects, offspring of control and irradiated mothers were obtained at
E17, E19, PND1 and PND5. The brains were sectioned and stained with either
cresyl-violet or Bodien silver-stain. The brains of adult animals irradiated at E15
were cut and stained with,cresyl-violet. In normal E17 mice, some cells in the
subventricular zone formed a sling across the midline. One day after irradiation, the
subventricular zone was disrupted, the sling was not detected and a great number
of pyknotic figures was seen in the cortical plate but not in the thalamus (in
particular, the dorsal lateral geniculate nucleus seemed normal). At E19, PND1, and
PND5, the corpora callosa were reduced or absent in most cases, there was a
decrease in cellular density in the cortex, and the thalamus did not present any
anomalies. Aberrant fibers were seen after E19 whereas ectopic neurons were
found only on PND5. Adult mice irradiated at E15 with 1.5 Gy presented
periventricular ectopias and agenesis of the caudal portion of the CC. A dose of
1.75Gy caused CC defects in all cases (75% total callosal agenesis; 25% absence
of the caudal portion of the CC), presence of ectopias (100%), a pattern that
resembled aberrant fibers, and presence of the longitudinal aberrant bundle (50%).
Ectopic neurons in layer I were detected in the 1.75Gy group and were commonly
seen in the 2 Gy group. Animals irradiated with doses greater than 2 Gy did not
present the pattern that resembled aberrant fibers, but CC defects and
periventricular ectopias were consistently found. These data show an association
with CC defects and ectopias and suggest that prenatal irradiated mice may be a
convenient neuropathologic model of callosal agenesis. In humans, callosal
agenesis is usually associated with heteropias and polymicrogyria, often at a
frequency higher than can be explained solely by chance.

E. Charness*. Dept Neurology, Harvard
Medical School, VA Medical Center, West Roxbury, MA 02132.

R. Ramanathan. G. Perides M.

Mental retardation, hydrocephalus, and agenesis of the corpus callosum
are observed both in fetal alcohol syndrome and in human disorders
associated with mutations in the gene for the neural cell adhesion molecule
(CAM) L1. We showed previously that ethanol inhibits cell-cell adhesion in
neural cells treated with human osteogenic protein-1 (OP-1), a powerful
inducer of the genes for L1 and N-CAM (J. Biol. Chem. 269, 9304, 1994).
To determine whether ethanol inhibits adhesion mediated by an individual
class of immunoglobulin CAMs, we produced stable transfectants of mouse
L cells expressing human L1. L cells were transfected with a modified
pRc/RSV vector (Invitrogen) containing a cDNA for human L1, selected by
growth in G418 medium, and subcloned from single colonies. Stable
expression of L1 was demonstrated by Northern blot, Western blot, and
immunofluorescence. L1-transfected fibroblasts exhibited increased
adhesiveness in a short-term aggregation assay as compared with nontransfected cells and cells transfected with the vector alone. Ethanol (5-50
mM) caused a dose-dependent inhibition of cell-cell adhesion in L1transfected fibroblasts. The dose response curve for ethanol inhibition of
cell-cell adhesion in human L1 -transfected fibroblasts was similar to that
observed for OP-1 treated neural cells. Ethanol's inhibition of L1-mediated
cell-cell interactions could contribute to the nervous system lesions of fetal
alcohol syndrome. Moreover, because L1 is required for long-term
potentiation {Nature 372, 777 ,1994), inhibition of L1-mediated synaptic
plasticity could also play a role in alcohol-associated memory disorders.
Supported by AA9669 and the Department of Veterans Administration.

829.7

829.8

MEDIAL SEPTAL ATROPHY IN AGED MICE EXPOSED TO A
SINGLE DOSE OF ALCOHOL IN UTERO. I. Lee. R. Dumas. MH Lee
and A, Rabe*. New York State Institute for Basic Research in
Developmental Disabilities, Staten Island, NY 10314
It has been demonstrated that mice exposed to a single of dose of
alcohol during neumlation, although while remaining free of gross
malformations, show a precipitous deterioration of long-term memory in
middle and old age. In order to determine whether the behavioral
deterioration is related to anatomical changes in specific brain structures,
we performed morphometric analyses in several forebrain structures.
C57B1/6J mice were exposed on gestation day (GD) 9 to a single oral
dose of 5.8 g/kg alcohol (E), which produced approximately 700 mg/dl
BAC 1 hour after gavage. Control mice were intubated with isocaloric and
isovolumic dextrose solution substituted for alcohol (D). The brains were
sampled at 24 months of age. The number of neurons was counted and
neuron size was measured in the occipital cortical layers, hippocampus,
and medial septum. The only measure yielding a significant group
difference was the neuron size in the medial septum: They were
significantly smaller in the E than D mice. The diminished neuron size is
consistent with the findings that structures along the midline are
particularly susceptible to alcohol exposure on GD 9. The involvement of
the medial septum in long-term memory has been documented, and the
atrophic medial septal neurons in the E mice may account for the
premature memory decline reported previously by our laboratory (Dumas
and Rabe, 1994).

ANATOMICAL MALFORMATIONS OF SPINAL CORD
AXONAL TRACTS IN A RETINOIC ACID-INDUCED
SPINA BIFIDA IN THE RAT EMBRYO.
Nathalie Valdes. Stephane Woerlv. Louise Bertrand , and
Raymond Marchand*. Centre de recherche en neurobiologie,
Hop. de l’Enfant Jesus, Univ. Laval; Canada G1J 1Z4.
Most of the congenital malformations taking place at the
level of the spinal cord result from a defective closure of the
neural plate. This malformation is commonly refered to as spina
bifida. We have developed a model of lumbo-sacral spina bifida
with myeloschisis (spina bifida aperta) after administration of
retinoic acid (RA). RA induces spina bifida when administred in
3 consecutive forcible feedings each containing l3mg of RA/kg
at ElOo, E106 and ElO 12. The objectives of the present work
were to study the morphology and organization of the spina
bifida (SEM and classical histology) as well as the anatomical
organization of the axonal tracts (dextranamine injections) in
spina bifida embryos. The detailed study of the descending
projections associated to the malformation allowed us to identify
defective axonal tracts. For example, a dextranamine injection at
a caudal thoracic level shows that some axonal tracts do present
an abnormal trajectory at the level of the spina bifida. Axons
enter .the spina bifida but do not extend beyond it. At the level
of the malformation, axons cross the midline and form a Ushaped tract that ascends in the contralateral side. Supported by
FRSQ-FCAR-Sante, Canada.
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NEUROBIOLOGICAL MODEL FOR TOURETTE SYNDROME
CENTERED ON THE NUCLEUS ACCUMBENS. G.N.O. Brito* and
M.N. Azevedo. Setor de Neurociencias, Univ. Fed. Fluminense, Niteroi,
Brasil.
Tourette syndrome (TS) is a genetic disorder characterized by
chronic multiple motor and vocal tics with a fluctuating course and
modulated by internal and external environmental events. TS is more
prevalent in males than females, and is commonly associated with
behavioral disorders such as obsessive-compulsive disorder and attention
deficit hiperactivity disorder. TS symptoms are attenuated by DA
antagonists and usually exacerbated by psychostimulants. We propose
that dysfunction centered on the nucleus accumbens (NAC) represents
the neurobiological basis of TS. NAC is divided into a shell and a core
region with distinct anatomical relationships. Additionally, recent
evidence indicates that NAC has a micro-organization characterized by
modules of distinct neurochemical and neuroanatomical features. These
modules could interact via closed parallel and open interconnected
circuits as suggested by Joel and Weiner (1994) for the basal ganglia.
Our model assumes that events (e.g., maternal stress, steroids, hormones
and neurotransmitters) occurring during the development of the nervous
system interact with products derived from the expression of the putative
gene for TS thereby inducing modular changes in NAC. The clinical
presentation, associated behavioral disturbances and response to drugs
would depend on the pattern of modular dysfunction.

NONLINEAR DYNAMICS OF RESPIRATORY PATTERNING IN
INFANTS WHO SUCCUMB TO THE SUDDEN INFANT DEATH
SYNDROME. V.L. Schechtman*, M.Y. Lee. A.J. Wilson, D.P.

Southall and R.M. Harper. Brain Research Institute, UCLA School of
Medicine, Los Angeles, CA 90095.
Aberrations in cardiac variability appear in infants who later
succumb to the sudden infant death syndrome (SIDS); however,
overall respiratory variability in SIDS victims is comparable to that of
control infants. We assessed non-linear dynamic characteristics of

breath-to-breath intervals collected during sleep in 16 recordings of
apparently-healthy infants who subsequently died of SIDS and 35
recordings of age-matched control infants. One-interval/next-interval
plots (Poincare Plots) were used to assess nonstationary aspects of
respiratory rate variation. Next-breath dispersion was determined
following short, intermediate, and long breath-to-breath intervals,
and dispersion at each rate was expressed as a percentage of overall
respiratory rate variation. ANOVA was used to identify differences

between the SIDS victims and control infants. During quiet sleep,
SIDS victims showed increased next-breath dispersion following
short respiratory intervals, relative to surviving infants. The findings
indicate differences in breath-to-breath patterning of respiration in
infants who succumb to SIDS that occur preferentially at high
respiratory rates and do not affect overall respiratory variability.

Supported by CNPq and FUNPENE.

Supported by HD22695.

829.11

829.12

SUPPLEMENTARY MOTOR AND PREMOTOR OVERACTIVITY IN
STUTTERING: A PET STUDY OF STUTTERING AND INDUCED
FLUENCY. P.T. Fox*. R.I. Ingham. I. Costello Ingham. H. Downs, T.
Hirsch, I.L. Lancaster Research Imaging Center, University of Texas
Health Science Center at San Antonio, TX, 78284-6240
The neural-systems whose dysfunction underlies developmental
stuttering are unknown. To address this question, we compared stuttered
speech to induced fluency (1) using positron-emission tomography (PET).
Twenty, right-handed men participated: ten developmental
stutterers and ten normal controls. In each subject, brain blood flow was
imaged 3 times per condition in each of 3 conditions: Solo reading, Chorus
reading and Rest. In both Solo and Chorus, subjects read aloud from a
passage presented on a video monitor. In Solo, reading was unaccompanied;
in Chorus, reading was accompanied by a tape-recording of the same
passage. All stutters stuttered frequently during Solo but were stutter-free
during Chorus. Controls were stutter-free in both conditions. PET imaging
used 15-0, water-bolus methods and Change-Distribution Analysis.
Stuttering elicited strong activations in SMA (medial BA6) and
right, superior-lateral premotor cortex (lateral BA6). Chorus reading
greatly reduced these abnormal activations. In normal subjects, motorsystems activations in both conditions were similar to those of stutterers
during induced fluency. We conclude that developmental stuttering may be
caused by excessive neural activity in medial and lateral premotor cortex.
1. Ingham, R. ]. & Packman A. J. Speech Hearing Res. 1979, 22: 784-793.

ANOMALOUS CENTRAL AUDITORY PROCESSING IN MAN.
D. M. Dalv*. Box 210855, Dallas, TX 75211.
In processing complex sounds such as in speech people exploit systems common at
least to mammals. We report using sets of synthesized sounds1 to test auditory
processing in people with normal pure-tone and speech audiometries and confirmed
history of anomalous auditory processing.
1. An American journalist who could read and write German but was unable to
understand or speak it intelligibly classified certain sets anomalously (p<0.0001); a
daughter fluent in German and tested concurrently performed without difficulty.
2. An 11 yr. boy who had difficulty with spoken but not written material in school
classified gy sets anomalously; his father, a pilot, performed similarly and
reported lifelong difficulties with regional accents (particularly in certain ATC
sectors).
3. A mother and daughter classified gy and bw clearly and similarly, but differently
from father and another daughter. Each pair reported the other spoke
imprecisely; both pairs differed significantly from normal controls.
4. A father and daughter consistently distinguished as many as 4 classes where
normal controls found at most 3. These did not correspond to normal classes
nor could normal classes be composed from them.
5. An 11 yr. old boy with articulatory difficulties (palate shape) had normal
comprehension; his father had undergone surgery for similar problems as a
child. Both performed normally (1 -p < 0.0001) over 6 hr. of testing
Cases 1 -4 demonstrate a range of stable, anomalous auditory processing which
affects ability to understand sounds of a foreign or even native language. Cases 1
and 3 preclude appeal to early environment. Analogous to the anatomic origins in
Case 5, Case 4 appears to involve anomalous end organ (possibly basilar
membrane) geometry.2 We believe this method can be used to assess dynamic
aspects of auditory functioning as well as central auditory processing.
1J Neurophysiol (44:1, 200, 1980); 2JASA (77:1, 108, 1985)

inventor who retains all proprietary rights and interests.
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AMYGDALA-KINDLING LEADS TO LOSS OF GABA-IMMUNOREACTIVE
NEURONS IN A TINY AREA OF THE PIRIFORM CORTEX. H. Lehmann. U.
Ebert and W. Loscher (SPON: European Neuroscience Association), Dept.
of Pharmacology, Toxicology and Pharmacy, School of Veterinary
Medicine, D-30559 Hannover, Germany
Female Wistar rats weighing 260-280 g were electrically kindled via
bipolar electrodes, which were implanted unilaterally into the basolateral
amygdala, until 10 fully kindled seizures were elicited. After an
unstimulated period of 40 days the rats were sacrificed and a
immunohistochemical preparation of brain tissue was performed by using
a monoclonal anti-GABA antibody. Quantification of GABAimmunoreactive (IR) neurons was carried out in the basolateral amygdala,
piriform cortex, dentate gyrus, CA1 and CA3. A kindling (n = 10) versus a
sham-group (n = 6), which received electrode implantation, but no
electrical stimulation, and a naive group (n = 10) were compared. At the
stimulation site i.e. the nucleus of the right basolateral amygdala, a
significant loss of GABA-IR neurons was observed in kindled rats that
ranged between 31-52%. The extent of cell loss was similar ipsi- and
contralateral to the stimulation site. Along the rostro-caudal extension of
the piriform cortex a distinct area between +0.2 and -0.8mm from
Bregma ipsilateral to the stimulation site showed a significant reduction of
GABA-IR cells by 17-26%. In contrast, the hippocampal formation
showed no changes in GABA-immunoreactivity. In the sham-group no
alterations in any of the above areas were evident. We conclude that
amygdala-kindling is associated with permanent GABAergic cell loss the
site of stimulation, but also at a circumscribed site of the piriform cortex,
which is evidently involved into the phenomenon of kindling.

PERSISTENT SPONTANEOUS EPILEPTIFORM DISCHARGES EVOKED
BY KINDLING-LIKE STIMULATION IN PIRIFORM CORTEX IN VIT'RO.
M. R. Pelletier* and P. L. Carlen. Playfair Neuroscience Unit, Bloorview Epilepsy
Research Program, Toronto Hospital, Toronto, ON, M5T 2S8.
Interictal discharges appear first, and with greater frequency, in the piriform
cortex after kindling, and this region (layer II) is highly susceptible to neuronal
damage after kindling-induced status epilepticus. Brain slices containing the piriform
cortex, rostral to the septal pole of the hippocampus, were prepared from Wistar
rats. Field potentials were recorded in the endopiriform nucleus with NaCl-filled
microelectrodes and evoked via a bipolar stimulating electrode placed inferior to
layer II (association fibres). Weak stimulation produced a small amplitude potential
(pl). Increasing the stimulation intensity evoked pl and also a second potential (p2)
of greater amplitude and occurring at a latency of 50-100 ms from pi. Increasing
further the stimulation intensity decreased progressively the latency of p2. The p2
response was polysynaptic in origin, because only pi was evoked when stimulation
was delivered at 1 Hz. Responses were evoked (0.05 Hz) with the test intensity,
which was the threshold intensity required to evoke p2. The slice was tetanized
(TET) every 10 min: 100 Hz, 2 sec, twice the test intensity. Stimulation was
terminated after the 10th TET and spontaneous discharges were monitored.
Spontaneous discharges prior to the first TET were recorded in only 4/14 slices. The
frequency of spontaneous discharges increased progressively and persisted for the
duration of experiments (longest time recorded 120 min after 10th TET). Evoked
responses increased in both amplitude and duration and the threshold to evoke p2
decreased after TET. Bath application of the NMDA antagonist, APV (50 gM;
n=3), the benzodiazepine agonist, midazolam (1 gM; n=3), or the antagonist,
flumazenil (500 nM; n=3) were without effect on the frequency of spontaneous
discharges. This novel model of epilepsy is similar to conventional kindling;
decreased threshold to evoke discharges, spontaneous discharges, and persistent.

Supported by the Deutsche Forschungsgemeinschaff (Lo274/5-1)
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IBOTENIC ACID LESIONS OF THE HIPPOCAMPUS
REDUCE
"WET
SHAKES"
ASSOCIATED
WITH
AMYGDALOID KINDLING IN THE RAT. J.L. Meyerhoff,
L.E. Jarrard and DD. Walczak. Diy. Med. Neurosci., Walter Reed
Army Institute of Research, Wash., D.C. 20307; Dept. of Psychol.,
Washington and Lee Univ., Lexington, VA 24450 and Solvay
Pharmaceut., Marietta, GA 30062.

"Wet Dog Shakes" (WDS) are associated with kindling of the
septum, hippocampus (HC), entorhinal cortex (ERC) or amygdala
(Squillace, et al., 1980; Le Gal La Salle et al., 1981; Lerner-Natoli
et al, 1984). Injection of colchicine into the HC suppressed by 95%
the WDS elicted via ERC kindling (Frush & McNamara, 1986).
We evaluated the effect of ibotenic acid (IA) lesions of the HC on
WDS elicited by amygdaloid kindling.
Bilateral stereotaxic
injections of IA into the HC were performed in anesthetized male
SD rats and chronic amygdaloid - electrodes were placed (Meyerhoff,
et al. 1985). IA lesions destroy neurons without affecting fibers of
passage.
Although lesions did not affect no. of stimulations
required to elicit stage 5 seizures, the no. of WDS observed was
reduced by 68%. Injection of (TRH) i.e.v. synchronizes HC EEG
(Kalivas, 1980) and elicits WDS (Drust & Crawford, 1983).

Although other neurohumors might be involved in WDS, kindled
seizures increase brain levels of TRH (Meyerhoff, et al, 1990) and
HC levels of TRH mRNA (Rosen et al., 1992; Kubek et al., 1993).

THE EFFECTS OF COMPLETE AND PARTIAL BILATERAL LESIONS OF
THE CEREBELLAR DEEP NUCLEI ON AMYGDALOID KINDLING IN
THE RAT. G.C. Teskey*, J.K. Min and P.A. Valentine. Behav. Neurosci. Res.
Grp., Dept, of Psychology, Univ. of Calgary, Calgary, AB, Canada T2N 1N4.
The role of hindbrain mechanisms involved in the acquisition of electrically
induced forebrain seizures has received relatively little attention. While an antiepileptic influence of the cerebellar fastigial nuclei (CFN) has been documented,
conflicting observations have been reported for the cerebellar dentate nuclei (CDN),
and interpositus nuclei (CIN). This study was undertaken to facilitate a direct
comparison of the role of the cerebellar fastigial, dentate and interpositus nuclei in
mediating amygdaloid kindling.
Male, Long-Evans hooded rats were chronically implanted with bipolar electrodes
in the amygdala, and one of the CDN, CFN, or CIN were bilaterally electrolytically
lesioned. Following a two-week recovery, an afterdischarge threshold was
determined. This was achieved by the application of 50 pA stimulation trains
consisting of 1.0 msec biphasic square wave pulses at 60 Hz for one second.
Failure to elicit a discharge resulted in increasing the current in 50 pA steps until
the threshold was surpassed. Daily kindling stimulation was applied at 100-150 pA
above threshold until two stage 5 convulsions were elicited. The duration,
amplitude, and frequency of evoked afterdischarges (ADs) were measured.
Lesions of the cerebellar deep nuclei influence both the kindling rate and
afterdischarge characteristics. Our preliminary results indicate that complete lesions
resulted in a reduction in the number of sessions to elicit a stage 5 convulsion,
decreased AD durations and an atypical progression through the behavioural stages.
Partial lesions were typically associated with an increase in the number of sessions
to elicit a stage 5 convulsion and increased AD durations. Supported by NSERC.

830.5

830.6

THE EFFECTS OF PICROTOXIN AND ATROPINE ON
INTERICTAL SPIKING DURING AMYGDALA KINDLING IN
THE GENETICALLY FAST AND SLOW KINDLING RAT
STRAINS. J.A. Grabowski*and D.C. McIntyre. Psychology Dept.,
Carleton Univ., Ottawa, Ont., Canada K1S 5B6.
In this study, two rat strains with naturally different kindling rates and
disposition to develop interictal spiking (IIS) were examined. Although
IIS is the hallmark of an epileptic focus, the kindling resistant (SLOW)
rats showed significantly more IIS during all stages of amygdala
kindling than the kindling prone (FAST) rats. In the present study, we
examined the IIS, the convulsive seizure (ictal event) and the postictal
spike (PIS) for their pharmacological sensitivity in both the FAST and
SLOW kindling strains. Rats were amygdala kindled daily at their
afterdischarge threshold intensity. Once IIS was established, rats were
injected with either drug or saline in a latin square design and the IIS
rate was observed for 20 min. Subsequently, the ictal event was
triggered, which provoked PISs. The Ga Ba antagonist, picrotoxin (0.5
mg/kg), significantly increased the IIS rate, yet had little effect on the
ictal event in both strains, while it slightly depressed the PIS rate in the
SLOW rats. Like picrotoxin, the cholinergic antagonist, atropine (25
mg/kg), increased the IIS rate in both strains, but strongly suppressed
the ictal event in the SLOW but not the FAST strain, and increased the
PIS rate in the SLOW but not the FAST strain. Clearly, both IIS
activity and kindling rate show a genetic predisposition, but surprisingly
their relationship is inverse. It is also clear that IIS, ictal and PIS events
are neither similar in the two strains nor in their sensitivity to
pharmacological manipulation.

AXONAL TRANSPORT VELOCITY CHANGES IN THE AMIGDALINE FIBERS IN THE

Martinez-Lorenzana G,
Talavera E. Ledn-Olea M. Condes-Lara M. and Sitges M*. Dpto. Neuroflskkogia.

ANTERIOR COMISSURE BY AMIGDALOID KINDLING.

Instituto Mezkano de Psiquiatria. Calx. Mfeko-Xochimilco No. 101 C.P 14370 Mexico D.F.

Studies have shown that the neuronal activity influences both the uptake and
axonal transport processes. Kindling, an experimental model in which the
neuronal excitability is enhanced, is achieved following repetitive low intensity
subconvulsive electrical stimulations in some cerebral regions, mainly in the
limbic system (Goddard et al. Exp. Neurol. 25 ’295-330.1969). Evidence suggests that the
neuronal hyperactivity produced by electrical stimulation involves the following
processes: endocytosis, exocytosis, mechanisms related to axonal transport and
proteic synthesis. In this study, axonal transport velocity during the neuronal
hyperexcitability produced by amygdaloid kindling was investigated using a
retrograde tracer such as Wheat Germ Agglutinin coupled to Horseradish
Peroxidase (HRP-WGA). The fibers analized were the amigdalae fibers crossing
in the anterior commissure. Male Wistar rats were divided into three groups:
l)kindled, 2)Sham and 3)Control. Rats were injected with 10o% HRP-WGA (1020 nl) in the right basolateral amygdaloid nucleus, contralateral to the stimulated
amygdala. The survival time was 48 h. Coronal sections comprising the areas
from the injection site to the anterior commisure were selected. The HRP-WGA
reaction was carried out using TMB according with Mesulam (1982) preceding.
The brain sections were analyzed under a light microscope. Our results indicated
that the kindled group had an increase in axonal transport of HRP-WGA. This
means a greater density of labelled fibers and the localization of labelled neurons
at a greater distance from the injection site. The enhanced axonal transport was
evident when comparing this group with the sham and control groups. Qur results
suggest that the increment in neuronal activity, due to full kindling seizures,
correlates with an increase in the uptake and transport of HRP-WGA.

830.7

830.8

AMYGDALA KINDLING PRODUCES MORE ’’DEFENSIVE"
BEHAVIOR THAN HIPPOCAMPAL OR CAUDATE KINDLING IN
RATS. J.P.J. Pinel*. L.E. Kalvnchuk. and D. Treit1. Dept. of Psychology,
Univ. of British Columbia, Vancouver, B.C., V6T 1Z4 and ’Dept. of
Psychology, Univ. of Alberta, Edmonton, Alberta, T6G 2E9.
We have previously reported that amygdala-kindling in rats results in
elevated levels of several defensive behaviors (Kalynchuk et al., 1995). The
purpose of this experiment was to investigate whether this effect would also
occur after kindling different brain sites. Bipolar electrodes were implanted in
the basolateral amygdala, dorsal hippocampus, or caudate nucleus of 81 male,
Long-Evans rats. These rats were divided into six groups: amygdala kindled,
amygdala control, hippocampal kindled, hippocampal control, caudate
kindled, and caudate control. All rats then received 99 convulsive (kindled) or
sham (control) stimulations. One day after its last stimulation, each rat was
placed in an open field for 5 minutes and then tested for its resistance to
capture from the open field. The following day, each rat was tested on an
elevated-plus maze. The site of stimulation had a significant effect on the
results of these tests. During the first minute in the open field, the amygdalakindled rats engaged in less exploration than both the hippocampal or caudatekindled rats. In addition, the amygdala-kindled rats were more resistant to
capture from the open field than the hippocampal or caudate-kindled rats.
Finally, the amygdala-kindled rats engaged in more open arm activity and
escape behavior from the elevated-plus maze than the hippocampal or caudate
kindled rats did. Thus, amygdala kindling results in increased emotionality
and defensiveness compared to hippocampal or caudate kindling. This
suggests that heightened emotionality in kindled rats may be a consequence of
repeated seizure activity in or near the amygdala, rather than the kindled state
per se. These findings may be relevant in understanding the fear and affective
disturbances often experienced by temporal lobe epileptics, (supported by
NSERC grants to D.T. and J.P.J.P., and an M.R.C. scholarship to L.E.K.)

HIPPOCAMPAL KINDLED SEIZURES DISRUPT PERFORMANCE IN
THE MORRIS WATER MAZE. T.H. Gilbert* & M.E. Corcoran. Dept, of
Psychology, Univ. of Victoria, POB 3050, Victoria, BC, Canada, V8W 3P5.
The hippocampus is thought to play an important role in the processing of
spatial information, in that interference in normal hippocampal functioning can
produce deficits in performance of a wide variety of tasks that use spatial
navigation for optimal performance. The effects of hippocampal kindling on
subsequent learning and memory of a spatial task have been assessed in several
studies. Although the studies vary in procedure and site of stimulation, their
results fairly consistently suggest that epileptiform activity within the hippocampal
formation impairs performance. We have attempted to assess the spatial
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performance of rats in the Morris water maze task during kindling of
hippocampal field CA1.
We used two procedures: (1) seizures were kindled with stimulation of CA1
prior to daily training in the water maze (acquisition); and (2) maze training was
imposed until performance stabilized, and then seizures were kindled with
stimulation of Ca 1 prior to daily testing in the maze (retention). In both cases,

stimulation of field CA1 was applied 25-45 min prior to daily testing in the maze.
Only nonconvulsive afterdischarge (AD) was kindled in some rats in the
experimental group, whereas in other rats generalized convulsive seizures were
kindled. Yoked controls carried electrodes but did not receive stimulation.
We found that CA1 kindled seizures significantly disrupted water maze
performance during both acquisition and retention. Similar effects were produced
when either nonconvulsive seizures (AD) or convulsive seizures were evoked.
Our findings are consistent with previous results suggesting that kindled
epileptiform activity in the hippocampus impairs performance in tasks sensitive
to spatial learning and memory. (Supported by NSERC)

THURSDAY AM

EPILEPSY:

830.9

KINDLING
830.10

THE EFFECTS OF AMYGDALA KINDLING ON T-MAZE
PERFORMANCE IN EPILEPTOGENETICALLY FAST AND
SLOW KINDLING RAT STRAINS. W. S. McLeod and D. C.
McIntyre*. Depart, of Psychology, Carleton Univ., Ottawa, Canada,
K1S 5B6.
Kindling, an animal model of epilepsy, was investgated for
having acute and chronic effects on memory. Genetically FAST
and SLOW kindling rat strains were tested for working and
reference memory in a T-maze before, during and after amygdala
kindling. Maze performance was monitored 23 hours after eliciting
stage 1 through 5 kindled convulsions, then 1 hour versus 10
minutes after stage 5 convulsions in fully kindled animals. After a
seizure free period of 10 days and beyond, maze performance was
retested with increasing levels of difficulty in the working memory
task. Results indicated that kindled convulsions and kindling per
se, have acute and chronic effects, respectively, on working memory
performance. Working memory was more susceptible to disruption
than reference memory. Additionally, the FAST rats were less
capable than the SLOW rats on the working memory task before
kindling, and showed greater impairment during and after kindling.
Discussed are neuropharmacological differences between limbic
areas of FAST and SLOW rat strains that may account for the
differential sensitivity of working memory to kindling disruption.

SEIZURE AND SPIKE ACTIVITY INTERRELATIONS DURING RAPID
KINDLING IN RABBITS. Olga A. Timofeeva* and Gary M. Peterson. Dept
Anatomy & Cell Biology, East Carolina Univ Sch Med, Greenville, NC 27858.
Seizures and interictal spikes are considered to be basic components of epileptic
activity, but the relationship between these is poorly understood. The present study
examines the relationship between seizure and spike activity using closely-spaced
recurrent hippocampal seizures ("rapid kindling"). This model provides an
opportunity for examining electrographic epileptic reactions in response to
electrical stimuli applied at different stages of seizure susceptibility. Twelve adult
rabbits with chronically implanted electrodes were stimulated in the hippocampus
once every 5 min to achieve a condition of rapidly recurring seizures. EEG was
monitored continuously during the experiment (3-6 h). Electrical stimulations
produced progressive seizure development in 8 of the 12 animals. Seizures were
induced more frequently with increasing numbers of electrical stimulations.
Interictal spiking was observed in 5 of the 8 animals and in all (n=4) rabbits which
did not develop seizures. Spiking developed at different stages of kindling. A
latency for spike onset following each electrical stimulus train significantly
fluctuated due to changes in seizure susceptibility. Two kinds of spike onset
latency were distinguished: "short-term" (< 50 s) and "long-term" (> 70 s). "Shortterm" spike latency was observed predominantly in 3 situations: in the early phase
of a prolonged refractory period (5 min after triggering seizure), when seizure
decay occurred, and during an "unsuccessful" kindling procedure. "Long-term"
spike latency was observed predominantly in the last phase of a prolonged
refractory period (5 min before triggering seizure) and always during the
development of ictal events. These data showed that "short-term" latency for spike
onset correlated with low susceptibility to seizure whereas "long-term" latency
correlated with enhancement of seizure susceptibility. These results suggest that
seizure priming and triggering mechanisms temporarily inhibit spike activity.

830.11

830.12

Regional Increases in the /? Subunit but not the a Subunit of Calmodulin Kinase
II mRNA in Kindling. K. Sato1*2. K. Kashihara3. K. Morimoto4 and T. Havabara2.
’"Department of Neuropsychiatry and department of Neurology. Okayama
University Medical School, Okayama 700, Japan. Clinical Research Institute,
National Sanatorium Minamiokayama Hospital, Okayama 701 03. Japan.
department of Neuropsychiatry, Kagawa Medical School, Kagawa 761 07,
Japan.
Levels of the mRNAs for the a and p subunits of calmodulin (CaM) kinase II
were studied in the kindling model of epilepsy. Using in situ hybridization and
3sS- labeled oligonucleotide probes, induction of these mRNAs was evaluated in
the rat brain just after and 0.5, 1, 2, 4, 8 and 24h after generalized seizures
induced by daily electrical stimulations of the amygdala. Four to 24h after the
seizures, kindling significantly increased levels of the p subunit of CaM kinase
II mRNA in the hippocampus compared with controls which had undergone a
sham procedure. Four to 24h after the last stimulation, levels of the p subunit of
CaM kinase II mRNA increased significantly by 18 to 28 % in the granule cell
layer on each side of the dentate gyrus and by 18 to 30 % in the pyramidal cell
layer of the ipsilateral CA2. In the pyramidal cell layer of the ipsilateral CA3,
levels increased significantly by 22 % 4h after the seizures. There were no
detectable changes in levels of the p subunit of the enzyme mRNA in other areas,
which included the amygdala, pyriform cortex, perirhinal cortex and temporal
cortex. In contrast, no significant changes in levels of the a subunit of CaM
kinase II mRNA were observed in the regions examined after kindling - induced
generalized seizures.
These results indicate that the increases in CaM kinase independent protein
phosphorylation may be associated with changes in synaptic biochemistry in
kindling, and suggest that CaM II kinase may mediate the molecular processes
underlying kindling-induced epileptogenesis.

DIFFERENTIAL EXPRESSION OF GABA AND GLUTAMATE
TRANSPORTER SUBTYPES IN FULLY KINDLED ANIMALS
T.D.
A.E. Klinefl). M. Nakashita(2). H. Qbata(2) and
N. Smto(2K Department of
Univ. of Colorado,
Bouldter, CO, 80309 and Laboratory of Molecular Pharm;KcTogy(2),
Biosignal Research Center, Kobe Univ., Kobe 657, Japan.
Alterations in excitatory and inhibitory neurotransmitter activity have
been shown in humans with epilepsy and in animal models of the
disorder. In general, there is evidence for upregulation of excitatory
transmission coupled with downregulation of inhibitory transmission.
While these changes have been noted in terms of receptor function, little
is known about seizures and amino acid transporters. Glutamate and
GABA are each taken up by specific subtypes of transporters located on
pre- or post-synaptic terminals or glia. Alterations in the distribution or
concentration of t^^se transporters in an animal model of epilepsy (i.e.
electrical kindling) should provide clues as to how the brain responds to
recurrent seizure activity. To this end, animals were chronically
implanted with a bipolar stimulating electrode in the amygdala and
kindled once daily until each responded with a Stage 5 seizure. One
week later, animals
were
sacrificed and
prepared
for
immunocytochemical examination of the cellular distribution of the
GABA and glutamate transporter subtypes. The glial type of glutamate
transporter (GLT-1) was increased in the kindled side of the piriform
cortex, while no significant change was observed in other glutamate
transporters. None of the three GABA transporters showed obvious
change after kindling. These data will be discussed in the context of
how alterations in amino acid transporters might underlie the enhanced
seizure susceptibility that is produced via the kindling process.

830.13

830.14

AN AUDITORY STIMULUS PRESENTED PRIOR TO AMYGDALA
KINDLING ALTERS THE RATE OF SEIZURE PROGRESSION:
CONTINUOUS EXPOSURE IS NOT REQUIRED FOR THIS REGIONSPECIFIC EFFECT. A.E. Kline*. V. Revilla. and T.D. Hernandez.
Department of Psychology, University of Colorado, Boulder, CO 80309.
Prior work has shown that an antecedent tone presentation during every
kindling trial significantly delays the rate of amygdala kindling
(Hernandez, Warner, Kline, & Kahler, 1995). The specific aim of this
study was, therefore, to alter the presence of the tone and investigate this
manipulation on kindled seizure development. To achieve this goal, male
Long-Evans rats were implanted with an electrode in the right amygdala
and assigned to either a Tone, No Tone, or Tone Discontinued group and
kindled daily. The Tone group received the tone on every trial while the
Tone Discontinued group received it for only the first 5 days and
subsequently kindled the same as the No Tone group (i.e., not exposed to
the tone while receiving the kindling stimulation). The results revealed
that prior exposure of the tone significantly delayed Stage 5 seizure
development for subjects kindled in the central nucleus and significantly
accelerated Stage 5 seizures for those kindled in the amygdalostriatal
transition area; this finding was observed whether the tone was presented
at each trial or discontinued early during the kindling process. These
findings indicate that an auditory stimulus presented prior to amygdala
kindling alters (i.e., delays or accelerates) the rate of seizure progression.
Furthermore, the alteration is not contingent on continuous exposure to
the tone, but does appear to be region-specific. Lastly, the data suggest
there is an early critical period during kindling that may be amenable to
manipulations. Further research is necessary to determine the nature of
these manipulations and what effects they might have on seizure genesis.
Supported by NINDS Grant No. NS-3O595 and the Alfred P. Sloan
Foundation (T.D.H.), an APA Minority Neuroscience Fellowship
(A.E.K.), and the University of Colorado (V.R.).

AUDIOGENIC KINDLING INDUCES INCREASED BURST FIRING
RESPONSES TO ACOUSTIC STIMULI IN NEURONS OF THE MEDIAL
GENICULATE BODY OF GENETICALLY EPILEPSY-PRONE RATS.
P. N'Gouemo* and C. L. Faineold. Dept. Pharmacol. Southern Illinois University
School of Medicine, Springfield, IL 62794.
Repetitive audiogenic seizures (AGS) result in expansion of the brainstem neuronal
network to forebrain structures, including the medial geniculate body (MGB). We
previously observed an increase in acoustically-evoked action potentials (AP) in
inferior colliculus (IC) neurons with such an AGS kindling paradigm in genetically
epilepsy-prone rat (GEPR-9). The medial part of MGB (MGM) receives input from IC.
The present study examined acoustically-evoked MGM neuronal responses in
"kindled" GEPR-9 as compared to non-kindled GEPR-9 and normal Sprague-Dawley
rats. Each stimulated rat received the electric bell (122 dB SPL) twice daily until the
onset of convulsion (GEPR-9 mean latency: 14.5 sec) or for 15 sec in control. Each
kindled GEPR-9 exhibited 14 AGS. Other GEPR-9s (non-kindled) were used after one
AGS. MGM extracellular AP were recorded in anesthetized (ketamine/xylaxine,
85/3mg/kg; i.p.) rats 24h after the last stimulation. Acoustic stimulation consisted of
50 stimuli (‘A sec, 12 kHz tone bursts) effective in evoking AGS. Responses were
analyzed using poststimulus time histograms (PSTH). Recordings involved 11 neurons
in kindled GEPR-9,10 neurons in non-kindled GEPR-9, and 10 neurons in normals.
Over 50% of MGM neurons in the GEPR-9 showed burst firing, as compared to 10%
of non-kindled GEPR-9 and normal MGM neurons. The mean number of AP per
PSTH of MGM unit bursts was significantly elevated in the kindled GEPR-9
(2O9±47.5, S.E.M.) at 68 dB SPL in comparison to non-kindled GEPR-9 (97.l±9.7)
or control (71.9± 19.3). The burst responses in GEPR-9 MGM neurons may be a critical
neuronal mechanism of AGS kindling that subserves the increase in AGS
severity.(Support NIH NINDS NS 21281)
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PROEPILEFTCC effect
of valproic
acid in rat
hippocampal
CAl
PYRAMIDAL NEURONS. S. Otoom and K. A. Alkadhi*. Department of
Pharmacological and Pharmaceutical Sciences, University of Houston, Houston, TX
77204-5515.
This study was designed to investigate a proepileptic effect of valproic acid (VPA)
in hippocampal slices. Studies were performed on brain slices from male SpragueDawley rats using conventional intracellular recordings in hippocampal CAl
pyramidal neurons. Action potentials were evoked in response to brief intracellular
current pulses (20 ms, 0.5 nA). Veratridine (0.2-0.3 gM ) was used to induce
epileptiform discharge in response to these pulses. Large concentrations of VPA
(0.5 mM) had a biphasic effect on veratridine-pretreated neurons. VPA initially
caused an inhibition of evoked bursting activity but soon the bursting reappeared at
a higher frequency. The wash-out of the drug was also biphasic. During the early
wash-out of VPA with veratridine-containing artificial cerebrospinal fluid
(veratridine-ACSF), a complete inhibition of the bursting was noticed. Prolonged
wash-out of VPA restored control-like evoked rhythmic bursting. VPA at
concentrations of 2 mM or higher enhanced veratridine-induced bursting and the
inhibition phase of the drug was not seen. The wash-out of this VPA concentration
was still biphasic, the early wash-out with (veratridine-ACSF) produced inhibition
of the epileptiform discharges while prolonged washing restored the rhythmic
bursting. Membrane potential and membrane input resistance were measured befor
and during the epileptic phase of the drug in the presence of veratridine. VPA (0.5-2
mM) produced a small but non significant decrease in membrane input resistance
accompanied by a small (non significant) membrane depolarization in the
veratridine-pretreated neurons. These results indicate that VPA in large
concentrations have a proepileptic effect in rat hippocampal CAl pyramidal neurons
treated with veratridine.

831.3

THE EFFECTS OF VALPROIC ACID ON PMAINDUCED
REGULATION OF PROTEIN KINASE C ACTIVITY AND
NMDA-EPSP IN THE RAT HIPPOCAMPUS. G. Y.-P.. Lee*. T.
J. Teyler. and L. M, Brown. Depts. Neuro. and pharm., NE Ohio
Univ. Coll, of Med., Roolslown, OH 44272-0095.
The anti-convulsanl drug valproic acid suppressed the NMDA
induced |3HJ-NE efflux in rat cortical slices (Brown ct al., 1994).
Chronic incubation of glioma cells with valproic acid (0.6 mM)
resulted in decreased PKC activity in both membrane and
cytosolic fractions (Chen et al., 1994). Incubation with 1 gM
phorbol 12-myristatc 13-acclale (PMA) for 10 min resulted in a
loss of PKC activity in the cytosolic fraction with a concurrent
increase in membrane-associated PKC activity (Watson cl al.,
1994). We investigate the effect of valproic acid on the PMAinduccd translocation of PKC from cytosol to membrane, and the
effect of valproic acid on NMDA-EPSP. Brain slices (350 gm)
from the hippocampus or adult Long-Evans hooded rats were .
studied. Control slices were incubated in oxygenated ACSF, and
experimental slices were incubated in ACSF containing 100 gg/ml
(0.6> mM) valproic acid for 20 min and 1 gM PMA for 10 min.
After the treatment, hippocampal slices were washed in PBS,
homogenized, and prepared for PKC phosphorylation assay (PKC
assay kit, Gibco Co.). 400 gm hippocampal slices were used for
extracellular NMDA-EPSP recordings with 10 gM bicuculline and
20 gM DNOX in ACSF. The experimental slices were perfused
with valproic acid. Results showed that PMA increased PKC
activity in the membrane fraction more than in the cytosolic
fraction. Valproic acid decreased this enhancement by PMA, and
it also suppressed the population NMDA-EPSP amplitude by 10%.

831.4

EFFECTS of
CARBAMAZEPINE on
GABAb -RECEPTORS:
INCREASE OF FIELD POTENTIAL CHANGES. J.v.Wegerer?I.S.Roed3 and J. Walden1*: LPsychiatr.Univ.-klinik, Hauptstr.5, Freiburg;
2:Inst.f.Biol.III, Schanzlestr. 1, Freiburg, 3:Bayer AG, Koln, Germany
Nowadays carbamazepine (CBZ) is established in the treatment of
epilepsies as well as of ' affective and schizoaffective disorders. In former
studies of the group calciumantagonistic effects of CBZ were found to be
a possible common mechanism of action in both diseases. In this study we
investigated a possible interference of the action of CBZ on GABAergic
neurotransmission, since an attenuation of GABAergic inhibition is
discussed to be involved in both illnesses. Extracellular recordings were
carried out from areas CAl and CA3 of the hippocampal slice (guinea
pig). GABA and its subtype agonists were applied by conventional local
pressure application technique. CBZ was systemically administered.
Results: 1) CBZ produced a small increase in the amplitude of field
potential changes (EFP) induced by GABA (9 % after the 6th application
during 30 minutes; n = 18). 2) CBZ showed no effect on EFP induced by
the GABAA-agonist muscimol (n = 5). 3) CBZ produced an increase in
the amplitude of EFP induced by the GABABagonist baclofen (18 %
after the 6th application during 30 minutes; n = 12). The effects were
completely reversible. This may be explained either by a direct action on
GABAg-receptors, a positive feedback caused by presynaptic
GABAB-autoreceptors or by an interference with postsynaptic intrinsic
mechanisms. Further studies must reveal whether this effect contributes to
the beneficial effect of CBZ in both diseases.

EFFECTS OF LEVETIRACETAM (LO59) ON CA3 NEURONS
IN THE RAT HIPPOCAMPAL SLICE. S. Birnstiel*. E. Wulfert
and S.G. Beck. Dept. Pharmacol., Loyola Univ. Med. Ctr.,
Maywood, IL 60153.
Levetiracetam is a highly effective novel anticonvulsant with
an unknown mechanism of action. To test the hypothesis that
levetiracetam exerts its actions by an interaction with gabaergic
or glutamatergic neurotransmission, intracellular recordings
were obtained from the CA3 pyramidal cell layer of transversal
slices of rat hippocampus. Synaptic potentials were evoked by
stimulation of the septal pathway. Levetiracetam in a
concentration of 10 pM did not significantly alter the membrane
potential, input resistance or the amplitude of the normal
subthreshold synaptic potential consisting of a fast EPSP and
IPSP. In contrast, the area under synaptically evoked
epileptiform bursts in the presence of 10 pM bicuculline was
decreased by levetiracetam. This inhibition in bursting could be
due to an enhancement of slow synaptic inhibitory transmission
or a decrease of slow synaptic excitatory transmission by
levetiracetam. Levetiracetam (10 pM) did not alter the response
to 3-10 pM baclofen. Experiments on a possible interaction of
levetiracetam with NMDA- or metabotropic glutamate
mechanisms are currently in progress. Supported by UCB

831.5

831.6

AUTORADIOGRAPHIC STUDY OF FELBAMATE EFFECTS ON
GABAa AND NMDA RECEPTORS.
A. Kume* and R.L. Albin. Dept. of Neurology, Univ. of Michigan,
Ann Arbor, MI 48104.
Antiepileptic drug felbamate effects on GABAa and NMDA receptors
were investigated autoradographically in rat brain. For GABAa
receptor, felbamate produced dose-dependent inhibition of [3HJtbutylbicycloorthobenzoate (TBOB) binding with IC50 values
approximating 250 pM. Saturation analysis in the presence of felbamate
revealed a change in Kd and Bmax. Dissociation initiated by picrotoxin
was accelerated by felbamate. The regional pattern of [3H]TBOB
binding inhibition by felbamate was heterogeneous. For NMDA
binding, felbamate produced dose-dependent inhibition of [3H]MK-801
binding with the maximal inhibiton of 80% at 1-3 mM and IC50 values
approximating 800 pM. Saturation analysis in the presence of felbamate
revealed a decrease in Kd and Bmax- The regional pattern of pHJMK801 binding inhibition by felbamate was heterogeneous. [3H]glycine
binding was not affected by felbamate. High-dose glycine only partially
antagonized the felbamate inhibition of [3HJMK-801 binding.
Combining our results with reported electrophysiological data suggests
that felbamate has effects on both GABAa and NMDA receptors at
clinically relevant concentrations.
Supported by NS19613, AG08671 and Tourette Association
Fellowship.

Actions of Felbamate in the corticostriatal system: beyond antiepileptic
effects.
A. STEFANI. A. PISANI. A. SINISCALCHI. E. ONGINI *$ and P.
CALABRESE
Clinica Neurologica, Universita di Roma Tor Vergata, Rome, Italy
§ Schering Plough, Comazzo, MI, Italy

Pharma.

Felbamate (FBM) is a new anticonvulsant which has been shown to interact with the

glycine site of the NMDA receptor. The mechanisms underlying the FBM capability to
elevate the seizure threshold and to exert ncuroprotective effects are not entirely known.
Therefore, we have studied the FBM responses in two brain areas - neocortex and
striatum - which are involved in both the seizure propagation and neurodegenerative
processes. In particular, we have characterized the effects of FBM on: i) high-voltageactivated (HVA) Ca2* currents in pyramidal and striatal cells, ii) the firing properties of
neostriatal neurons, iii) the glutamatergic corticostriatal transmission. Patch-damp
whole-cell recordings on isolated neurons and current-damp intracellular recordings
from brain slices were performed with standard techniques. Our main findings can be
summarized as follows:
1) FBM dose-dependently reduced HVA Ca2+ currents in either cortical and striatal

cells. IC50 for this action was respect^dy 298 nM and 15 M; the FBM modulation of
Ca2+ conductances was blocked by nifedipine (dihydropyridine-antagonist), not by conotoxin (blocker of N-type channels),
2) FBM inhibited the high-frequency repetitive firing of striatal neurons; this effect was
dependent upon the inactivation of the voltage-dependent sodium current,

3) FBM significantly reduced the cortically driven striatal EPSP only after removal of the
magnesium block, therefore suggesting that the NMDA component of the transmission
was selectively depressed.
Taken together, these findings strongly support the usefulness of FBM not only as an

antiepileptic drug but also as a neuroprotective agent.
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THE EFFECTS OF THE ANTICONVULSANT REMACEMIDE
HYDROCHLORIDE AT NEURONAL SODIUM CHANNELS. D.Y.
Sanchez* and E.W. Harris. Biology Department, Fisons Pharmaceuticals, PO
Box 1710, Rochester, NY 14603.
Whole-cell voltage clamp experiments were performed to measure the
effects of remacemide hydrochloride and a metabolite, FPL 12495, on
neuronal sodium channels.
Cells were dissociated from rat pups 1-8 days of age. A voltage clamp
protocol designed to mimic rapid firing of action potentials in the brain was
used to measure the use-dependent block of sodium current.
Slow
inactivation was defined as the amount of inactivation 30ms after the end of
the depolarizing pulse. The time course of development of slow inactivation
was determined. In addition, slow inactivation was measured following 60s
of conditioning at -100 mV and -60 mV.
IV plots showed no effect on activation of sodium channels by either
compound. The time course of individual currents in response to depolarizing
pulses was not affected by either drug. However, the development of slow
inactivation was speeded up and the amount of steady-state slow inactivation
was enhanced in the presence of either drug. In addition, both compounds
caused an accumulation of sodium channel block with high frequency
stimulation. FPL 12495 accumulated block at 3OpM whereas remacemide
hydrochloride required approximately lOO/PM for significant accumulation of
block.
These findings directly demonstrate that remacemide hydrochloride and its
metabolite, FPL 12495, act to block sodium channels. This may explain their
ability to suppress epileptic activity.

EFFECTS INDUCED BY GABAPENTIN ON THE ELECTROPHYSIOLOGICAL
PROPERTIES OF BURSTING NEURONS IN THE RAT SUBICULUM IN VITRO.
H. Kawasaki. D. Mattia, C. Zona* and M. Avoti. Montreal Neurological
Institute, Dept Neurology and Neurosurgery, McGill University, 3801
University St, MONTREAL, QC, Canada H3A 3B4
Sharp-electrode intracellular recordings in current-clamp mode were made
from pyramidal-like bursting cells of the rat subiculum in a slice preparation
to study the effects of the antiepileptic drug Gabapentin. Gabapentin
(1 OO;/M) induced a small hyperpolarization (4.2 ± 3.1, n = 14) of the resting
membrane potential (RMP in control = -60 ±4.6 mV) and reduced the ability
of these neurons to generate bursts of action potentials during depolarizing
current pulses (n = 6). Such intrinsic bursting ability is thought to be
caused by a voltage-gated, Na+-mediated mechanism (J Neurophysiol 70
(1993) 1244-1248). The effect on bursting was also seen when the RMP
was brought to control values with intracellular steady injection of
depolarizing current. In 11 out of 15 cells, Gabapentin decreased by
16.1 ±±.7% the sag that is recoroed in subicular neurons during hyperpolarizing current polssd. This sag was cedoced and eventually blocked by
extracellular application of Cs2+. Is spite of this effect, which made

typscpolaciziuh pulses become larger in amplitude, the tendency to gsusrate rebound bursts was decreased by Gabape^^. The effects of Gabape^
tin were still observed up to two hours after washout. Our findings indicate that Gabape^^ can modify the intrinsic excitability of rat subicu^
usurous. Some of these effects might be caused by the blockade of an
inward current that in current-clamp cecocdiugd is apparent during typsrpolarizing gucco S pulses, while the burst dspcssdiou might be due to an
interaction of Gabape^^ with voltage-gated sodium channels. Supported
by MRC of Canada.

831.9
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EFFECT OF GABAPENTIN (GBP) ON AMINO ACIDS (AA) IN RAT
HIPPOCAMPAL SLICES IN VITRO. I.M. Kapetanovic»1 C.P. Tavlor*. W.D.
Yonekawa and H.J. Kupferberal 'Epilepsy Branch, NINDS, NIH, Bethesda,
MD 20892 and 2Dept. Neurosci. Therapeutics, Parke-Davis Research, Ann
Arbor, Ml 48105.
GBP (l-(aminomethyl)cyclohexaneacetic acid; Neurontin®) is a recently
approved anticonvulsant, but its mechanism of action remains unclear. The
balance between the activity of inhibitory (GABA) and excitatory (L-glutamate,
GLU and L-aspartate, ASP) neurotransmitter AA is important for normal
neurological function and may play a crucial role in the pathogenesis and
potential treatment of epilepsy. This study examined the effects of GBP on these
amino acids as well as L-glutamine (GLN) which is closely related to them by the
"GLU-GLN" and "GABA-GLU-GLN" cycles. Because of compartmentation,
concentrations of newly synthesized (NEW) AA were examined in addition to the
total tissue (BASAL) AA. Isotopic enrichment, after incubation with stable
isotopically labeled precursors (1 C6-glucose, 13C2-GLU, 13C2-GABA, or 15N,GLN), was used to measure NEW amino acids. BASAL and NEW amino acids
were determined by GC-MS. Due to the known delay in its onset of action, GBP
(50 or 100 pM) was added at least 60 min before the incubation with labeled
precursors. In some cases, animals were also given a 300 mg/kg i.p. bolus of
GBP 1 hr prior to slices. There was no effect of GBP on the uptake of 13C2GABA or ^-GLU or conversion of ^-GLU to CrGABA. Therefore, these
data suggest that GBP does not influence GLU decarboxylase, GLU
dehydrogenase or GABA transaminase in this paradigm. However, GBP
consistently decreased both BASAL and NEW GLN by about 20-30%. This
effect may be due to the inhibition of the system L neutral amino acid transport.
In the presence of C,'3N-leucine, GBP decreased NEW but not BASAL GLU.
Previous studies suggest this could be caused by GBP inhibition of system L
transport or cytosolic branched-chain amino acid aminotransferase.

THE EFFECTS OF D-23129 (ADD 230001) AND STANDARD
ANTICONVULSANTS ON THE PAIRED-PULSE PARADIGM IN RAT
HIPPOCAMPUS IN VITRO. W.D. Youskawa*, I.M. Kapetauovic and
H.J. Kupferbera. Epilepsy Branch, NINDS, NIH, Bsttedda, MD 20892.
The Autispileptir Drug Development (ADD) Program is iuvsdtihatiuh
the mechanism^) of action of clinically used and experimental
asticouvuldast drugs using standard electcophydiolohiral tsctuiausd.
The paired-pulse paradigm consisted of measuring the percent
increase of the dscoud CA1 EPSP and population spike (PS) after two
consecutive stimulations separated by
intervals varying
between 10 to 200 ms. Results were compared before and after drug
addition to the ACSF in a standard submerged slice chamber. The
results indicate that the standard anticonvulsant drugs, ptsuytoiu and
VPA, had minimal effects on paired-pulse facilitation of both PS and
EPSP. The experimental drug, D-20443, the tydroctlorirs salt of D23129 (/V-[2-aminco-4■(4-fuorobenzylamino-phenyl]cacbamic acid ethyl
ester) from AWD GmbH/ASTA Medica AG, Germany, did appear to
attenuate the facilitation of the conditioned PS and to a Iosssc extent,
the EPSP slope. The attenuation was greatest at half maximum
stimulation. While these data might be indicative of a D-23129
presyuaptic effect, the different time profile for EPSP attenuation
indicates other mechanisms may be involved. These results do show
that it is possible to differentiate among various anticonvulsant drugs
using the paired-pulse procedure, permitting speculation on possible
mechanisms of action.
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EFFECT OF A OF COMBINATION OF ANTAGONISTS OF NMDA AND
NON-NMDA RECEPTORS ON FUNCTIONAL DEFICITS RESULTING FROM
spinal
cord
trauma
,
lean R_WtathaH* and Yang . Dong. . Teng,
Neurobiology Div., Dept. Cell Biology, Georgetown Univ., Washington, DC
20007.
Ionotropic glutamate receptors play a significant role in secondary injury
processes after spinal cord trauma. We have shown that both NBQX, a potent and
highly selective antagonist of the AMPA/kainate subtypes of glutamate receptors,
and CPP, an antagonist of NMDA receptors, focally administered at 15 min after a
standardized traumatic spinal cord injury (SCI), result in an increase in the speed of
recovery and reduction in long-term hindlimb deficits. NBQX is also effective
when administration is delayed until 4 hrs after SCI. We have now examined the
effect of combining CPP administered at 15 min and NBQX at 4 hrs. A weightdrop device was used to produce a standardized incomplete thoracic SCI in rats,
and CPP (40 nmoles, 1.68 pl) or vehicle (VEH) alone, administered focally at the
injury site at 15 min. At 4 hrs post-injury (p.i.), NBQX (15 nmoles, 1.68 pl), or
VEH alone, was similarly injected. Behavioral tests of hindlimb functional deficits
were performed at 1 day and weekly thereafter for 9 weeks. The group treated
with CPP and NBQX demonstrated a reduction in hindlimb functional deficits
compared to VEH-VEH controls that was significant beginning at 2 weeks p.i., as
we saw previously with CPP alone. The group receiving VEH-NBQX showed
reduced deficits beginning at 3 weeks p.i., as seen previously with NBQX
administered at 4 hours However, there was no significant difference in the degree
of reduction of long-term deficits between the CPP-NBQX and VEH-NBQX
groups from 3-9 weeks p.i. These results suggest that there are separate
mechanisms involved in the antagonists’ effects on speed of recovery from SCI as
distinct from their effects on long-term functional deficits. [Supported by NIHNS28130 and PVA-SCRF # 1232].

ACTIONS OF SYSTEMIC THEOPHYLLINE ON HEMIDIAPHRAGMATIC
RECOVERY IN RATS FOLLOWING CERVICAL SPINAL CORD HEMISECTION.
K.D. Nantwi», A. El-Bohv and H.G. Goshearian. Department of Anatomy and Cell
Biology, Wayne State Univ., Sch. of Med., Detroit, MI 48201
This study assesses the effects of theophylline on functional hemidiaphragmatic recovery
after C2 spinal cord hemisection in adult female rats using electrphysiologicai techniques.
Twenty four hours following anesthesia with choral hydrate (400 mg/kg, i.p.) and C2 spinal
hemisection, rats were reanesthetized. A tracheostomy and bilateral vagotomy were
performed, and the femoral artery and vein cannulated for monitoring blood pressure and
drug administration respectively. The phrenic nerve ipsilateral to cord injury was placed
on bipolar recording electrodes. The animal was then paralyzed and artificially

Society

2117

for

Neuroscience , Volume

21, 1995

ventilafteL The ventilator was turned off and nerve activity recorded until it ceased. After
30 min, theophylline was administered and the procedure repeated. In another group
(spontaneously respiring), both phrenic and diaphragmatic activities were monitored after
the drug. In a third group of rats ( spontaneously respiring) , activity in both phrenic
nerves was recorded simultaneously.
In these experiments, (n=6) theophylline induced biphasic effects; i.e. at a low dose (15
mg/kg) it evoked excitation while at a high dose (30 mg/kg) depression predominated. In
the first group of spontaneously respiring animals (n=5), a standard dose of theophylline
(15 mg/kg) induced activity in both the phrenic nerve as well as the left hemidiaphragm
ipsilateral to the hemisection. In the second spontaneouslyrespiring group (n=9), activity
was induced in the nerve ipsilateral to the hemisection and enhanced in the intact phrenic
nerve for up to three hours.
These results show for the first time that theophylline can activate a latent motor pathway
and thus restore the respiratory drive to phrenic motor neurons which was lost by spinal
cord injury. Respiratory activity is not only reestablished in the phrenic nerve made
quiscent by hemisection, but it is also enhanced in the contralateral phrenic nerve.
SUPPORTED BY NIH (NICHHD) GRANT HD 31550
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EFFECTS OF MODEST SYSTEMIC HYPOTHERMIA IN A RAT MODEL
OF CONTUSIVE SPINAL CORD INJURY (SCI). A. Martinez-Arizala*, D.H.
Hesse, J. V. Perrone, B.A. Green. The Miami Project, Dept. of Neurology and
Dept. of Neurological Surgery, Univ. of Miami School of Med., Miami, FL 33136.
Past studies suggest that hypothermia, in the form of local spinal cord
cooling, is beneficial in SCI. These studies required surgical access to the spinal
cord and cord temperature (temp) was lowered in the range of 10°C. Recent
studies in experimental brain ischemia have shown that modest lowering of brain
temp (l-3°C) can significantly lessen the degree of tissue damage. Such decreases
may be achieved by using systemic hypothermia, which in contrast to local cord
cooling does not require surgical access to the spinal cord. To investigate if
modest decreases in temp are also beneficial in SCI, thoracic spinal contusive
injuries (T8) of moderate severity were produced in S-D rats using the weight drop
technique. Following injury, rats were subjected to systemic hypothermia (n=ll;
core temp=33°C for four hours), or normothermia (n=9; core temp=37°C for four
hours). Following SCI, epidural temp remained one degree higher than core
temperature. The mean epidural temp was 34.26 ± O.16°C (±s.e.m.) and 37.69 ±
0.15°C in the hypothermic and normothermic groups, respectively. Hindlimb
Tarlov motor scores one month post-SCI were higher in the hypothermic group,
2.9 ± 0.3, whencompared tothe nnrmothermicgroop, 2.4 ± 0.2, althoogg it
was not statistically significant (p=0.15). The righting reflex time was
significantly better in the hypothermic group; 1.56 ± 0.18 sec compared to 2.8 ±
0.47 sec for the normrthnrmio group (p=0.28). However, inclined plane scores,
beam balance performance, and sensory scores were similar in both groups.
These results suggest a mild positive trend for this regimen of systemic
hypothermia. Detailed histological analysis of the lesions is being used to evaluate
the degree of tissue sparing, particularly of the segmental grey matter.

832.5

REDUCTION OF NaCl AMELIORATES ULTRASTRUCTURAL
DAMAGE TO DENDROTOM3ZED MAMMALIAN SPINAL
NEURONS. D. G. Emery*. L. J. Rosenberg and J. H. Lucas. Dept. of
Zoology and Genetics, Iowa State Univ., Ames, IA 50011 and Dept. of
Physiology, Ohio State Univ., Columbus, OH. 43210
In low Ca++ conditions Na+ and Cl' influx after dendrotomy causes
dilation of the smooth endoplasmic reticulum (SER) and Golgi
apparatus in cultured spinal neurons (Exp. Brain Res. 86:60-72).
Reducing NaCl by 50% (sucrose substitution) increases neuronal
survival after dendrotomy from 28% to 68%, while 100% replacement
of NaCl reduced survival to 2% (Neurosci. Abst. 20:353.3). We have
examined the ultrastructural damage exhibited by neurons within 30
min. of dendrotomy in serum-free, HEPES buffered medium with 50%
or 100% replacement of NaCl by sucrose, in the presence of normal
(l.SnM) Ca++. Total replacement of NaCl eliminated Golgi/SER
swelling but exacerbated mitochondrial swelling, a putative lethal insult.
Replacement of 50% of the NaCl reduced but did not eliminate
Golgi/SER swelling but seemed to have no effect on mitochondrial
swelling. The sodium component of the injury current may contribute
to the elevation of cytosolic free Ca++ after dendrotomy by stimulating
release of mitochondrial Ca++ or imparing the Na+/Ca+4" antiporter. Cl"
following Ca++ into the SER contributes to osmolysis of this organelle,
further disrupting Ca++ homeostasis. Interventions which preserve the
integrity of the SER may have therapeutic value. The effects of longer
survival times and specific Na+ or Cl" substitutes on ultrastructural
damage and survival after dendrotomy are currently being investigated.
Supported by PHS grant NS29683 to JHL

832.6

ULTRASTRUCTURE OF MAMMALIAN SPINAL CORD (SC) NEURONS
LESIONED UNDER HYPOTHERMIC CONDITIONS. G. Craenen. D.G.
EmpTy! and J.H. Lucas*. Dept of Physiology, The Ohio State University,
Columbus, OH 43210. !Dept of Zoology, Iowa State University, Ames, IA
50011.
There is considerable interest in the potential of CNS cooling to limit tissue
damage during surgery and after traumatic injury. This laboratory has developed a
model of nerve cell physical injury in which a UV laser miormbdrm is used to create
defined lesions in murine SC neurons grown in tissue culture (standard injury:
transection of a primary dendritelOO gm from the soma; J. Neurotrauma4: 231-55,
1985). Studies with this model found that a protocol of carefully controlled cooling
(2h at 17°C followed by rewanning to 37°C) after dendrotomy significantly
increased neuronal survival (J. Neurotrauma 11: 35-61, 1994). Protection was lost
when the period at 17°C was extended. Cooling below 17°C caused a N-methyl-Daspartate (NMDA) reoeatm^-linknd injury.
The present study compared the ultrastructural damage that developed in the
perikarya of neurons lesionedat 10°C, 17°C, 27°C and37°C (8-14 cells/group). D2-aminm-5-ahmsahmnmvalerate (10 gM) was added to the medium in all experiments
to prevent NMDA-linked hypothermic injury. Cells were fixed 5-25 min after
surgery. In general, dilatimn/vesioulatimn of the Golgi/endoplasmic reticulum in
lesioned neurons decreased as the temperature was reduced. The incidence of
cytoplasmic condensation, which mav be an early indicator of lethal injury (J.
Neurotrauma 4: 231-55, 1985), also decreased with cooling (0% at 10°C, 36% at
17°C, 55% at 27°C and 50% at 37°C). However, somai mitochondria of neurons
lesioned at lower temperatures exhibited more stress (lucent matrix foci and/or
general dilation) than neurons lesioned at 37°C. A study of the damage that
develops in neurons cooled after dendrotomy at 37°C, is in progress. Supported by
PHS 29683-04 from NINDS to JHL.

832.7

REDUCTION OF EXTRACELLULAR Na+ INCREASES SURVIVAL OF
SPINAL CORD (SC) NEURONS SUBJECTED TO DENDROTOMY. L.J.
Rosenberg*. D.G. Fmervt andJ.H. Lucas. Dept of Physiology, The Ohio State
University, Columbus, OH 43210. Wept of Zoology, Iowa State University,
Ames, IA 50011.
A modified ionic environment (MIE) that limits neuronal deterioration would be
useful in situations of trauma or surgery. Previous studies in low Ca+2 MIE’s
found that Na+ and Cl- contribute to osmolysis of the smooth endoplasmic
reticulum (SER) and Golgi in SC neurons subjected to dendrite transection with a
UV laser micrmbdam (Emery et al., Exp. Brain Res. 86, 1991). The SER can
provide significant Ca+2 buffering even when intracellular levels exceed 10 gM
(Carafoli and Penniston, Sci. Amer. 253. 1985). Survival was significantly higher
when neurons were lesioned and maintained for l2h in Hepes buffered, serpm-fde
MIE’s with a 50% reduction of NaCl (sucrose substitution, normal Ca+2; Lucas et
al., Soc. Neurosc! Abst. 20, 844). The present studies investigated the individual
contributions of Na+ and Cl- (normal Ca+2) to neuronal degeneration after
dendrotomy.
Study I Na+ substituted MIE’s were toxic to unboned SC neurons and glia when
exposure times exceeded 2h. No visible stress was observed in cultures exposed for
2-12h to Cl- substituted MIE’s.
Study I! Neurons were lesioned in various MIE’s (50-80 cells/group). The nonnal
ionic environment was restored 2h post surgery and survival was evaluated at 24h
by erytOrmsin B.

120 mM NaCl
34%+11

60 mM NaCl
67%+17

*NMDG = N-met0yl-D-gluoamine

Na+ substitutes
Choime 74%+13
*NMDG 63%+17

Cl- substitutes
Isehrioiatte 3(%+hl2
D-glumonare 32%^12

Study IP of the effects of Na+ and/or Cl- reduction on the ultrastructural damage
that develops in lesioned neurons, is in progress. Supported by PHS 29683-04 to

832.8

COMPARISON OF SCIATIC NERVE GRAFTS AND SYNTHETIC TUBES AS
BRIDGES IN SPINAL CORD INJURY REPAIR. J.A. McLane* and J. M.
Kerns. Rehabilitation R&D Center, Edward Hines Jr. VA Hospital, Hines, IL
60141 and Department of Anatomy, Rush-Presbyterian St. Lukes Medical Center,
Chicago, IL 60612.
Although it has been shown that central nervous system neurons are capable of
vigorous attempts at regeneration, functional regeneration is seldom successful
because of the formation of a dense scar and the presence of inhibitor factors. There
are few exceptions to date in experimental models. Peripheral nerve autografts have

been shown to enhance regenerative processes within the optic nerve and other
injured central nervous system axons. However, the supply of peripheral nerve to
use as autografts is very limited. Therefore, synthetic tubular armstOdses are being
investigated as a means of enhancing and directing regeneration of neurites in the
cmrtiomsainal tract of the spinal cord following injury.
In these studies, the corticospinal tracts of rats were cut in the midt0mracic
region of the spinal cord. At the time of injury one end of an artificial nerve
consisting of a 1.2 mm i.d. pmlysulfmne tube (Amicon) filled with 30% Matrigel
was implanted at the injury site. The other end of the tube was implanted deep into
the spinal cord to approximate the ventral horn at a site caudal to the initial injury.
Regeneration of axons within tOese tubes was compared to regeneration of axons
within a similarly grafted segment of fresh or aredegennrated, isogeneic periaOdral
nerve. Comparisons were based upon immunocytochemical and morphometric
evaluations.
The synthetic tubes supported a cable of organized cells filling more than 50% of
the tube volume. This cable was composed of a mixture of cell types, including
fibroblasts, glial cells, and a few bare or loosely ensheatOnd neurites. The cable
was highly vascularized and wrapped .by a layer of connective tissue. The nerve
grafts contained many neurites which were ens0nat0nd by either Schwann cells or
myelin.
Supported by the Rehabilitation R&D Center, Hines VA Hospital.

Society

TREATMENT I

for

Neuroscience , Volume

21, 1995

PROTECTIVE EFFECT OF GLUTATHIONE GLYCOSIDE IN
EXPERIMENTAL SPINAL CORD INJURY. S. Etebar. R. C. Kim». B. H.
Choi. Neuropathology, DVA Med Ctr, Long Beach, CA 90822 and Univ.
of Calif., Irvine, CA 92717.
Secondary tissue damage developing subsequent to traumatic or
ischemic CNS injury is thought to be related at least in part to the
generation of reactive oxygen species (ROS). To determine the
effectiveness of the potent antioxidant glutathione (GSH), in
comparison to that of methylprednisolmne (MP), in protecting against
oxidative stress following spinal cord injury, the thoracic spinal cords
of Sprague-Dawley rats were compressed by a Sugita aneurysm clip; 15
min later, animals were given either a GSH-glycoside (GSH-gly), a
newly synthesized compound in our laboratory, or MP
mtrapdritmndaUy. T0imbarbiturio acid-reactive substances (TBARS)
and hydrogen peroxide (H2O2) levels were measured in animals
sacrificed at 6 hr. Spinal cord TBARS levels were significantly lower
in GSH-g)y- or MP-treated than in control animals. Tissue H2O2 levels
were also lower in both treatment groups, although the difference was
statistically significant only in those given GSH-gly. In addition,
neurological assessment, using the Tarlov grading scale, Rivlin-Tator
inclined plane testing and tail-flick response, showed functional
recovery to be greater in GSH-gly-treated than in untreated animals.
These findings, therefore, suggest that GSH-gly is effective in
protecting against ROS-mediated damage following spinal cord injury.
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COMPLEX ENVIRONMENT ATTENUATES SPATIAL
MEMORY
DEFICITS
FOLLOWINGCORTICAL
CONTUSION. S.A. Baldwin*. T.R. Gibson, R.W. Brown. P.J.
Kraemer and S.W. Scheff. Center on Aging and Dept. Psychology,
Univ. Kentucky, Lexington, KY 40536.
Exposing weanling rats to a complex environment (CE) can alter brain
anatomy by increasing brain weight, cortical thickness, dendritic
branching and vasculature. Environmental enrichment has been
implicated as an aid in recovery from lesion-induced functional
impairments in rats. An animal model for cortical contusion has been
developed which manifests many of the neuropathologies seen in human
closed head injury. The model involves an electronic controlled
pneumatic impact device which can deliver very precise and controlled
cortical contusions to an animal. This model can be used to study the
effects of environmental enrichment on compensation following injury.
Weanling CE rats were housed together in a large cage filled with
novel objects that were changed daily. Isolated condition (IC) rats were
kept in standard laboratory cages without the objects. Forty days
following CE or IC rearing the rats were anesthetized and subjected to a
unilateral cortical injury. Seven days after brain trauma, the animals were
tested for spatial memory in a Morris Water Maze. The CE group was
significantly better on the spatial memory task. Morphological analysis
revealed a significant increase in the cortical thickness for the enriched
animals as compared to those in the isolated condition.
While it is unclear at present why the CE group performs better, these
animals may have a better General Adaptive Capacity (GAC). The
complex environment increases the GAC and thus allows the CE animals
to perform better. These animals appear to show a greater compensation
ability following the trauma. Supported by NS 31220

832.11

MEASUREMENTS OF DELAYED CELL DEATH FOLLOWING
CORTICAL CONTUSION INJURY IN RATS.
S.L. von Sliick*. S.M, Lee. D ,A, Hovda and D , P. Becker.
Division of Neurosurgery. UCLA Sch. of Med., Los Angeles, CA 90024.
Previous work from our laboratory has demonstrated significant neuronal death (up
to 73% cell loss) at 2 weeks follow ing a lateral pneumatic piston injury. There is a
sequence of secondary insults including biochemical and metabolic alterations
immediately after injury that may increase functional impairment as well as induce
cell death. This study utilized cytochrome oxidase histochemistry and cellular
cytoarchiteciurc analysis to examine the time course of pathological changes
follow ing a lateral pneumatic piston induced injury in 19 male rats. Under general
anesthesia (2.0-2.5 mL/min enflurane; 100% 02) a cortical contusion was produced
using a 5 mm diameter flat tip (centered at -3.4 mm from bregma) driven to a depth
of 2 mm beneath the conical surface at a velocity of 1.6 m/s. The development of
cavity formation and neuronal necrosis were evaluated immediately, 1 h, 6 h, 1 d,
and 3 d following injury . Alternate 20 mm sections were stained with cresyl violet
and cytochrome oxidase . Immediate cell death was produced by the mechanical
shearing at the rim of the impact site (-20% of impact site) and tearing occurred in
the white matter below. the site. The cells in the remaining 80% of the impact site
have morphological characteristics of viable cells up to 1 d post-injury. This core
showed slight depression (80% of contralateral) in cytochrome oxidase staining at 6
h but significant depression (50%) at 1 d and 3 d post-injury’. This depression was
not present at sites distal from the impact site at any time post-injury. These results
indicate a potential relationship between secondary tissue damage and altered
physiological states . It suggests a window of optimal effectiveness for
pharmacological intervention that will rescue injured cells.
Supported by: NS3O3O8. Lind Lawrence Foundation.

832.12

AMPHETAMINE ENHANCES METABOLIC RECOVERY FOLLOWING
MODERATE AND SEVERE CONCUSSIVE HEAD INJURIES IN ADULT
RATS, A, Panigrahy*, S,M, Ue. N, Balady,-D,A,„ H.Qvda_ and D,P, Becker.
Division of Neurosurgery, UCLA School of Medicine, LA, CA 90024.
Catecholamine stimulation, via amphetamine (AMPH) administration, has
been shown to alleviate the metabolic depression typically seen after brain injury in
the rat. Previous work from our laboratory has shown that following a moderate
fluid percussion (F-P) brain injury, the local cerebral metabolic rates for glucose
(LCMRglc) remain depressed as compared to sham-injured values in several
neocortical areas, lasting up to 10 days post-injury. We have also found that
increasing the levels of severity of F-P brain injury results in a prolonged metabolic
depression. In this study, we assessed whether AMPH administration after F-P brain
injury would enhance metabolic recovery from a F-P brain injury, in a dose
dependant manner, depending on the level of severity of injury. Fifteen adult male
Spraque Dawley rats (250-350g) were F-P injured at moderate or severe injury levels
while under general anesthesia. AMPH (2 mg/kg BW) was administered 3h after
injury for single treatment experiments and 3,6, and 9 h after injury for multiple
treatment studies. After 1 day post-injury, LCMRglc was determined by [HC] 2deoxy-D-glucose autoradiographic methods. LCMRglc for injured animals without
AMPH administration served as control values. Moderate-injured animals (n=3),
with a single treatment, exhibited LCMRglc values 13%-32% greater than
untreated moderate-injured animals (n=4) in different regions of the neocortex
(frontal, parietal, and occipital cortex). Severe-injured animals (n=3), with a single
treatment, exhibited LCMRglc values that did not significantly differ from untreated
severe-injured animals (n=3) in the cortical regions examined. Severe-injured
animals (n=2), with multiple treatments, exhibited LCMRglc values 14-20% greater
than untreated severe-injured animals in the cortical regions examined. These results
suggest that AMPH administration enhances metabolic recovery in a dose-dependant
manner; multiple treatments may be require to enhance metabolic recovery with a
more severe injury. Supported by NS3O3O8, Lind Lawrence Foundation, and a
Howard Hughes Medical Student Research Training Fellowship.
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M. Perkins*. K. Walker. & A. Dray. Sandoz Institute for Medical Research, 5

Gower Place, London WC1E 6BN, U .K.
The pro-inflammatory effects of bradykinin (Bk) Bj and B2 receptor
stimulation have been extensively studied in models of peripheral inflammation.
However all of the components of the kinin system are also present in the CNS
(Walker et al., 1995, Neurochem. Int., 26:1-16). The present study examined
whether inhibition of kinin activity could also alleviate some effects of CNS
inflammation. We have investigated the development of hyperalgesia and fever
following i.e.v. injections of E. Coli lipopolysaccharide (LPS). Rats received a
single i.e.v. injection of LPS (200 ng) under enflurane anaesthesia. Rectal
temperature (RT), thermal hyperalgesia and mechanical hyperalgesia were
measured before and at 2 h intervals following LPS (n = 6/group). RT, thermal
and mechanical hyperalgesia were maximal 6 h after LPS injection. LPS-induced
increases in RT, thermal and mechanical hyperalgesia were reversed (P < 0.05) by
the i.c.v. co-administration of the B2 receptor antagonist, HOE 140 (10-30 pmol),
but not by co-administration of Bj receptor antagonists, des-Arg9-Leu8 Bk (0.1-1
nmol) or des-Arg10 HOE 140 (0.1-1 nmol). Systemically administered HOE 140
(0.01-1 ^moL/kg, i.v.) produced no significant effect. However LPS-induced fever,
thermal and mechanical hyperalgesia were inhibited by either i.e.v. (10 nmol) or
i.v. (0.J-1 pmol/kg) administered indomethacin. These results indicate that
administration of endotoxin to the CNS induces the development of hyperalgesia
and fever and that these responses involve the activity of kinins, via the
stimulation of centrally located B2 receptors, and the formation of prostanoids.
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ADENOSINE PROVIDES PROTECTION FROM CA1 TRAUMATIC NEURONAL
INJURY TO HIPPOCAMPAL SLICES. S.J. Stamps*, K.L. Panizzon and R.A.
Wallis. Dept, of Neurology, UCLA, Los Angeles, CA 90024 and Sepulveda
VAMC, Sepulveda, CA 91343.
Extracellular increases in adenosine concentration during hypoxia-ischemia
have been found to be neuroprotective. Several cytotoxic mechanisms
mediating hypoxic-ischemic injury have been shown to be active in
traumatic neuronal injury as well.
Therefore, to assess the possible
neuroprotective role of adenosine against traumatic neuronal injury, we
investigated whether exposure to adenosine would prevent CA1 neuronal
injury from fluid percussion trauma in the hippocampal slice. Treatment
with 1.0 mM adenosine begun within one min. after trauma, improved
recovery at 95 min. of CA1 orthodromic population spike (PS) from 11 % ±
5 to 91 % ± 4, and improved recovery of CA1 antidromic PS from 13% ±
2 to 91% ± 3. Tetanic stimulation of 100 Hz for 1 second at supramaximal threshold given 95 min. following trauma, produced a significant
increase in CA1 orthodromic PS of 132% ± 10 over baseline after recovery
with adenosine treatment. This increase persisted during one hour of
additional monitoring consistent with preserved long-term potentiation.
Neuroprotection against trauma was .also seen with the A1 receptor agonist,
N6-cyclohexyiadenosine (20 pM) which increased CA1 PS orthodromic and

P-SELECTIN BLOCKADE AFTER FLUID PERCUSSION INJURY:
BEHAVIORAL AND ANATOMIC SEQUELAE. D ,O. Maris. R.F. Codv.
H. Seckin, S.R . Sharar! M.S. Grady*. Depts. of Neurological Surgery and
Anesthesiology! Univ.' ofWA Sch. of Med., Seattle, WA 98104.

antidromic recoveries to 93% ± 2 and 92% ± 3, respectively. These
findings indicate that direct adenosine application and more specifically, A1
receptor stimulation, provide protection against CA1 traumatic neuronal
injury. This work also suggests that elevations of extracellular adenosine
concentration may be a preventive factor against the development of
neuronal injury after head trauma. Supported by the VA Research Service.
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Ischemia and reperfusion promotes neutrophil migration into brain parenchyma,
resulting in free radical formation which is in part responsible for neuronal injury.
Traumatic brain injury is frequently associated with ischemia. We examined the
effect of blockade of cell adhesion molecules (CAMs; important in neutrophil
margination and migration across endothelium)on the anatomic and behavioral
sequelae of traumatic brain injury in the rat. Lateral fluid-percussion injury (FPI)
was used as the injury model. A standard Morris water maze was used as the
behavioral task. A blocking antibody to P-selectin (a CAM important in causing
neutrophils to attach to endothelium; Cytel, San Diego) and a non-blocking Pselectin antibody were used as treatments. Thirty-two adult male SpragueDawley rats were randomly divided into four groups: injury-only; injured/inert
vehicle; injured/CAM antibody; sham injury (all n=8). Rats were given moderate
FPI with those rats in the treatment groups immediately receiving an intra-arterial
injection. Subjects were “place” tested in the Morris water maze at 7 and 14 days
post-injury for spatial learning. Rats were perfused at 14 days post-injury and
their brains sectioned. Immunocytochemistry was performed on the forebrain for
ChAT and GABA, and on the hippocampus using GFAP, OX-42, OX-6, and EDI.
A separate group of 16 animals underwent identical preparation for
myeloperoxidase (MPO) determination in the brain parenchyma.
Rats in the injured-only group performed poorly compared to the sham-injured
group (p< .01), indicating a spatial learning deficit. Using multiple performance
indices, a slight treatment effect was seen for rats in the CAM-blockade group
(p< . O5) in cumulative distance and quadrant time measures; latency values were
not significant. No significant differences were observed in any performance
index between the control antibody and injury-only groups. Analyses of MPO and
anatomical data are currently being conducted.
This study suggests that
administration of a CAM-blocking agent following injury may attenuate the
behavioral effects of TBI. (Supported by NIH P 50 NS30305).
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LIPOSOME-MEDIATED BDNF cDNA TRANSFER IN INTACT AND
TRAUMATICALLY INJURED RAT BRAIN. *K.Yang* 'Y.Iwamoto. 'X.S.Mu.
‘N.Mu, ‘C.E.Dixon. 'J.S.Whitson. 2J.R.Perez-Polo. 'G.L.Clifton. 'R.L.Haves.
'Neurosurgery, U of TX Health Science Ctr., Houston, TX 77030; 2Human
Biochem. & Genetics, U of TX Medical Branch, Galveston, TX 77555.
The therapeutic potential of various neurotrophins for treatment of the injured
central nervous system is widely recognized (Barinaga, et al., Science 264:772-774,
1994). The transient expression produced by liposome-mediated gene transfection
may limit its application in diseases caused by genetic defects. However, liposomal
transfection of neurotrophin may prove useful for treatment of CNS injury. Our
laboratory recently reported reduced neurofilament loss in traumatized septohippocampal primary cell cultures by liposome-mediated BDNF cDNA gene transfer
(Hayes, et al., Neurosci. Lett, in press; Hayes, et al., this meeting). To further
explore the potential of gene therapy in brain injury, we are conducting systematic
studies of liposome-mediated neurotrophin gene transfer in uninjured rats and in rats
following experimental cortical impact injury. Eight ^g of pCMV/BDNF plasmid
DNA was mixed with 2O/J of commercially available liposomes (DOTMA and
DOPE: Gibco-BRL) and either liposomes alone or cDNA/liposomes injected (1.2
^l/min) stereotactically into the right hippocampus of uninjured rats with a
microsyringe pump. Rats were sacrificed at various time points up to 6 days
following injections. PCR analyses were able to detect BDNF cDNA in hippocampi
injected with liposomes complexed with cDNA for BDNF from one to six days after
injection. Immunohistochemistry studies indicated that expression of BDNF protein
(turkey anti-BDNF: Amgen) extended beyond the injection site. Similar profiles of
BDNF gene transfection were seen when liposomes or liposomes/cDNA were
injected ten minutes after cortical impact injury. Our results suggest that liposomemediated transfection of neurotrophin cDNA can be a practical gene transfer method
for treatment of brain injury. (Supported by NIH grants POl NS31998 and ROl
NS21458)

LIPOSOME-MEDIATED TRANSFECTION OF NEUROTROPHIN cDNA
ENHANCES RECOVERY OF NEUROFILAMENT LOSS AND CHOLINE
ACETYLTRANSFERASE (ChAT) ACTIVITY AFTER INJURY TO SEPTOHIPPOCAMPAL CELL CULTURES. R.L. Haves*. K. Yang, J.S. Whitson. W.
Le, J.J., Xue, C.E. Dixon. G.L. Clifton. A. Kampfl. Dept, of Neurosurgery,
University of Texas Houston Health Science Center, Houston, TX 77030.
Enhancing the availability of neurotrophins following brain injury may have
significant therapeutic potential. Thus, we used primary septo-hippocampal cell
cultures to study liposome-mediated BDNF and NGF gene transfer following
depolarization injury (6.0 min depolarization with 60 mM KC1 in the presence of
2.8-5.8 mM Ca++). BDNF or NGF cDNA were subcloned onto a unique Notl site
under the control of the CMV promoter. BDNF or NGF cDNA was complexed
with liposomes (1.0-3.0 ^l lipofectin:1.0 ^g cDNA) and transferred to septohippocampal cell cultures one day after neuronal injury. Transfection control
cultures were incubated with the equivalent volumes of liposomes without cDNA.
Three days after depolarization injury, ChAT activity was determined, or Western
blot and immunohistochemical analyses examined losses of neurofilament proteins.
In non-transfected cultures, we observed approximately 30% loss of ChAT activity
following depolarization injury. Depolarization cultures transfected with NGF
cDNA did not manifest any significant ChAT activity loss. Depolarization also
produced significant loss of neurofilament proteins in non-transfected cultures. Both
Western blot analyses and immunohistochemical studies confirmed that BDNF
transfection significantly enhanced the recovery of neurofilament proteins three days
following depolarization injury. Liposome-mediated transfection of neurotrophins
may be useful for treatment of cytoskeletal derangements and disturbances in
cholinergic neurotransmission following central nervous system injury (also see
Yang, et al., this meeting). (Supported by NIH grants POl NS 31998 and ROl NS
21458)
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EVOLUTION OF THE ALTERATIONS ON ORAL ACETAMINOPHEN
PHARMACOKINETICS INDUCED BY SPINAL CORD INJURY IN THE
RAT.
P.
Garcia-Lopez,
G.
Castaneda-Hernandez,
G.
Guizar-Sahaqun and I. Madrazo*. Proyecto Camina A.C.
Calz. Tlalpan 4430, 14050 Mexico, D.F., Mexico.
There is evidence that drug kinetics are altered
by spinal cord injury (SCI). Notwithstanding, it is
not known if such changes are permanent or evolve
during
the
acute,
subacute
and
chronic
phases
following SCI. Therefore, we studied acetaminophen
kinetics after a single oral 100 mg/kg dose 1, 12 and
50 days after spinal cord contusion at the T8 level
in rats. Peak plasma concentration in ^g/ml (Cmax),
area under the blood concentration against time curve
in ^g • h/ml
(AUC)
and half-life in h (Tl/2)
were
115+10,
106+7 and 3.8+0.2 respectively in shamlesioned control rats. 1 day after SCI Cmax was 54+9*,
AUC was 76+7 and Tl/2 was 5.6+O.6* (* denotes p<0.05
compared to control values), the significant reduction
on Cmax indicates a decrease in absorption, whereas
the significant longer Tl/2 suggests an impaired
elimination. As a results, bioavailability, indicated
by AUC, did not change significantly. 12 days after
SCI Cmax was 77+8*, AUC was 78+7 and Tl/2 was 3.9+0.3.
This suggests that the effect on elimination was
reverted, but not that on absorption. 50 days after
SCI Cmax was l33+l6, AUC was 129+21 and Tl/2 was
4.5+O.3.
It appears
that,
both,
absorption and
elimination were recovered. It is concluded that SCI
results• in
important
pharmacokinetic
alterations
which, however, revert with time. It then appears
that, although dosage regimens should be changed after
a recent SCI, fixed regimens are not recommended and
hence dosing should be continuously adjusted.
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MK801 PRETREATMENT NORMALIZES MEMORY DEFICITS BUT
NOT ALTERED PHOSPHOINOSITIDE METABOLISM 15 DAYS AFTER
MODERATE TRAUMATIC BRAIN INJURY. T.M.DELAHUNTYT‘,
J. Y.JIANG. O-Z. GONG. L.L.PHILLIPS, R.J.HAMM, B.G.LYETH. Division

of Neurosurgery, Medical College of Virginia, Richmond, VA 23298.
Traumatic brain injury (TBI) produces significant memory impairment and
cognitive deficits at 15 days after injury that are reduced by pretreatment with the
NMDA receptor antagonist MK801. We have demonstrated altered muscarinic
receptor coupling at 15 days after injury. This study examines the effect of MK801
pretreatment on altered muscarinic receptor coupling. Rats were given (Lp.) a
single bolus of MK801 (0.3/mg/kg) and injured 15 minutes later by a 2.0
atmosphere lateral fluid percussion impact. After 15 days survival the rats were
sacrificed and hippocampal tissue from injured and sham-injured controls was
labelled with [3H]-myoinositol and challenged with 25O/xM Carbachol. The
response of injured animals was compared to that of sham-injured animals. In
untreated animals, basal inositol phosphates on the side contralateral to the injury
cannula were unchanged by injury but on the side ipsQateral to the injury cannula
basal levels were enhanced by 26% (p=0.01). The response to carbachol was
enhanced by 8% on the contralateral side but diminished by 11% on the ipsQateral
side (p=O.O2). In MK801 pretreated animals basal inositol phosphates were
unchanged by injury on the side contralateral to the injury cannula but were
enhanced by 46% (p=0.01) on the side ipsQateral to the injury cannula. The
response to carbachol in treated animals remains enhanced by injury 9% on the
contralateral side and diminished by 20% on the ipsQateral side (p=0.O5). Thus,
blockade of NMDA receptors does not protect against alterations in muscarinic
responses and exacerbates injury induced changes on the side ipsQateral to the
injury cannula. Supported by NIH grants NS 12587 and NS 29995.
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DELAYED ADMINISTRATION OF AMPHETAMINE IMPROVES
SPATIAL LEARNING FUNCTION AFTER LATERAL FLUID
PERCUSSION INJURY IN THE RAT. M.R. Prasad.* J. M.Dose, H.S. Dhillon
and P. Kraemer. Departments of Surgery and Psychology, University of
Kentucky Medical Center, Lexington, Ky 40536.
Several studies indicate that the administration of amphetamine at 24
hr after sensorimotor cortex ablation injury and the practice during drug
intoxication facilitate the functional recovery of animals. In the present study,
we examined the effects of separate administrations of amphetamine (that can
enhance the release of norepinephrine), prazosin (an alpha 1-adrenergic
receptor antagonist and methoxamine (an alpha 1-adrenergic receptor agonist)
at 24 h after lateral fluid percussion (FP) brain injury on the neurologic motor
and cognitive outcome of brain injury. Male Sprague Dawley rats (325-350 g;
N=44) animals were pretrained to perform beam walk task. The next day the
rats were treated with atropine, anesthetized with sodium pentobarbital (60
mg/kg, IP) and subjected to lateral FP brain injury of moderate severity (2.12.2 atm.). At 24 h after injury, after obtaining basaline eeam walk scorer,
animals were injected with saline (N=l l) or amphetamine (4 mg/kg, N=12) or
prazosin (4 mg/kg, N=l 1) or methoxamine (10 mg/kg, N=1 O). None of the
above drugs significantly affected the beam walking ability of animals during
practice (1 h, 2 h and 6 h after drug treatment) and on days 2 through 10 after
brain injury. Amphetamine, but not prazosin and methoxamine, treated
animals demonstrated significant (p<0.05) improvement in spatial learning
ability than those of saline treated animals. These results suggest that
amphetamine-improved outcome of FP brain injury may involve a combination
of receptors along with alpha ^adrenergic receptor (Supported by NIH Grant
NS 31816).
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TACRINE SLOWS COGNITIVE RECOVERY AFTER TRAUMATIC BRAIN
INJURY AND A MUSCARINIC M2 ANTAGONIST REDUCES ITS EFFECT.
B.R. Pike»R.J. Hamm. D.M. O'Dell. M.D.. Temple, and B.G. Lveth. Dept, of
Psychology and Division of Neurosurgery, Virginia Commonwealth
Univ./Medical College of Virginia, Richmond, VA 23284-2018.
Posttraumatic neuronal depression is hypothesized to contribute to the
long-term cognitive deficits following traumatic brain injury (TBI). Postinjury
blockade of the presynaptic muscarinic M2 autoreceptor with BIBN 99
amplifies ACh release and improves cognitive performance following TBI in
rats. This investigation tested the effects of tacrine (THA), a cholinesterase
(AChE) inhibitor, on cognitive performance following central fluid percussion
TBI. In addition, effects of combined administration of BIBN 99 and THA on
cognitive performance was also tested. In experiment 1, injured rats (2.1
atm) were injected (i.p.) daily for 15 days with either saline (n=8) or 3.0
mg/kg THA (n=10) beginning 24 h after injury. Cognitive performance was
assessed on days 11-15 after injury in the Morris water maze (MWM).
ANOVA indicated that there was no difference on MWM latencies over days
between Saline and THA treated animals. However, to examine rate of
recovery, regression lines were calculated and compared by a t-test. This
analysis showed that the THA group recovered at a slower rate than the
Saline group (p<0.01). In experiment 2, injured rats (2.3 atm) were injected
daily with either saline (n=7) or the combination of 0.5 mg/kg BIBN 99 (s.c.)
and 3.0 mg/kg THA (i.p.) (n=7) according to protocol of experiment 1.
ANOVA indicated that there was no difference on MWM latencies over days
between Saline and BIBN 99+THA treated animals. However, a t-test on
the regression lines was significant (p<0.05) indicating that the combined
treated animals recovered at a faster rate than the Saline treated animals.
These results suggest that AChE therapy slows cognitive recovery following
rodent TBI. Cholinergic amplification with presynaptic M2 muscarinic
antagonists appears to be a more efficacious strategy for improving
cognitive outcome following TBI. (Supported by NS 12587)
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NERVE GROWTH FACTOR ATTENUATES THE LOSS OF CHOLINERGIC
NEURONS IN THE MEDIAL SEPTAL NUCLEUS WHICH OCCURS AFTER
FLUID-PERCUSSION BRAIN INJURY IN THE RAT. G. Sinson. E.S.
Flamm*. T.K. McIntosh.
Division of Neurosurgery, University of
Pennsylvania, Philadelphia, PA 19104.
Neurotrophins have potential therapeutic applications in a number of
neurodegenerative diseases. Previously we have shown that cortical
infusions of NGF can attenuate memory deficits in rodents subjected to
lateral fluid-percussion brain injury. This study attempts to establish a
histopathologic correlation for these cognitive improvements.
Male Sprague-Dawley rats underwent lateral fluid-percussion brain injury
of moderate severity (2.1-2.3 atm.). Twenty-four hours after injury, a miniosmotic pump was implanted to infuse NGF (n=9) or vehicle (n=5) directly
into the region of maximal injury. Infusions continued in all animals for 2
weeks, at which time the pumps were removed. Two weeks later (4 weeks
after injury) the animals were sacrificed and compared histologically with
uninjured animals (n=5). Measurements of the area (mm2) of the septal
nuclei demonstrated significant losses in all injured animals (p<0.05).
Immunohistochemical identification of cholinergic neurons in the medial
septal nucleus also demonstrated a significant loss of these neurons in all
injured animals (p<0.05). The loss of these cholinergic neurons was
significantly less in those injured animals which had received NGF infusion
after injury (p<0.05). Acetylcholinesterase histochemical staining in the
hippocampus was also greater in those animals which had received NGF
infusion (but still less than uninjured animals). No differences in the size of
the cortical injury were noted.
These data suggest that NGF administration, beginning 24 hours after
fluid-percussion brain injury, attenuates the loss of cholinergic neurons in
the medial septal nucleus. (Supported, in part, by NIH NS26818 and
08803)

MCPG TREATMENT OF TRAUMATIC BRAIN INJURY IN THE RAT.
Q-Z. Gong. T.M. Delahuntv, R.J. Hamm, and B.G. Lveth*. Division of
Neurosurgery, Medical College of Virginia, Richmond, Va 23298-693.
Numerous studies have demonstrated the involvement of ionotropic
glutamate receptors in traumatic brain injury (TBI) pathophysiology. This study
examined the involvement of metabotropic glutamate receptors (mGluRs) in
TBI. Of the seven cloned mGluRs, mGIuRj and mGluR5 are coupled to
phospholipase C signal transduction, whereas the other five are negatively
coupled to adenylate cyclase. Pharmacological studies have demonstrated that
(+)a-methyM-<airtoxtyphenylglycine (MCPG) acts as a selective antagonist for
mGluRi and mGluR* while the (-)MCPG isomer is relatively inactive.
In this study, a single 5.0
injection of (+)MCPG (0.02 ^M, n=8,0.2 ^M,
n= 10), (-)MCPG(0.2^M, n= 10) or CSF-vehicle (n=ll) was administered into
left lateral ventricle 5 minutes prior to TBI. A 2.1 atmosphere fluid percussion
pulse was delivered through a 2.6 mm diameter injury cannula centered over the
right cortex (bregma -5.0, lateral 3.0 mm). Performance on sensory motor tasks
was assessed prior to injury and for 5 days after TBI with beam-balance, beamwalking and rotarod tasks. Memory performance was assessed on days 11-15
after TBI with Morris water maze. TBI produced significant motor and memory

deficits in the CSF-treated group. High-dose (+)MCPG-treated rats had
significantly smaller deficits compared to CSF-treated rats on beam-walking
(P<0,05) and memory (P<0.01), but did not differ from CSF-treated rats on
either systemic arterial blood pressure or heart rate responses to injury.
Neither the low-dose (+)MCPG nor (-)MCPG affected behavioral deficits.
These results suggest that TBI-induced activation of mGIuRj and/or mGluR2
contributes to TBI morbidity. Blockade of those receptors with (+)MCPG may
reduce certain components of TBI morbidity.
Supported by NS12587 and NS29995 from NIH.
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COMPENSATORY PLASTICITY OF THE BRAIN AFTER
TRANSCRANIAL POLARIZATION IN CHILDREN WITH
CEREBRAL PALSY. M.Sinyaya*L D.Pinchuck . M.Katisheva.
E. Sidorenko. 1 Pavlov Instituteof PPhsioIogy of RAA,Inst. of
Exp.Medicine, St.Pntnrsbury, Russiazl^O^,
Lrcal transcranial prlarizatirn was used frr crrrectirn rf
mrtrr Oysfunctirns in children with CP. The state rf the
brain and spinal crrO were examined by analysis rf EEG, EMG
and habituatirn. Muscle tonus was recrrOeO by new
mirtrnrmeter that was OevelrpeO in the lab. rf Ontryenesis
in the Inst, rf Exp.MeO. The clinical effects were OepenOeO rn
scalp lrcatirn rf electroOes, the methrO (mrnr rr biprlar ) rf
stimulatirn, strenyh rf the current anO its Ouratirn. It was
shrwn that the prlarizatirn rf the brain has leO tr the
Oncrnase in the variatirn rf EEG, restrratirn rf stability rf the
interhemispheric crnkectirns, formation rf normal patterns
rf ' EEG anO the increase in the rrle the a-rhythm. We
estimateO that the muscle trnus, the manipulate test, the
habituatirn prrcess rn verbal stimulatirn, asymmetry rf the
brain chanyeO after prlarizatirn, parallel with the restrratirn
rf mrtrr functions. Our methrOs allrw frr the crntrrl rf the
rehabilitatirn prrcess Oynamics anO frr the compensatory
ability rf the brain anO spinal crrO tr be altereO.

INHIBITORY EFFECT OF NYA ON NOS INDUCTION IN AN ANIMAL MODEL
OF CEREBRAL HEMORRHAGE. Z.-C. Peng*L3, X.-Q. Li2, Q.-H. Liang2, C.-X.
Zhu2, X.-X. Yanl, X.-Y. Hu2. lDept. Anat., 2lnst. Trad. Chinese & Western Med.,
Hunan Med. Univ., P.R. China; and 3lnst. Anat. & Histol., Univ. Verona, Italy.
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METHYLPREDNISOLONE BLOCKS MEMBRANE LIPID
PEROXIDATION BUT DOES NOT SCAVENGE FREE RADICALS.
DANXIA LIU* AND LIPING LI.
Marine BirmeOical Institute anO
Department rf Human Birlryical Chemistry anO Genetics, University rf
Texas MeOical Branch, Galveston, TX 77555-1143
MnthylpreOnisrlrkn (MP) reOuces impairment in human anO experimental
animals followiny traumatic spinal crrO injury. Tr stuOy the mechanisms
whereby MP reOuces seconOary injury, prostaylanOin
(PGF^, 0.2 mM in
ACSF), a proOuct rf membrane lipiO OngraOatiok, was aOministereO into rat
spinal crrO throuyh a micrrOialysis fiber. OH* formation was measureO by
alsr aOmimsteriny salicylate (0.5 mM in ACSF) throuyh the fiber as a
trappiny ayent anO measuriny the prrOucts 2,3- anO 2,5- OihyOroxybenzoic
aciO by HPLC anO electrochemical Oetection. MalonOialOnhyOn (MDA), an
enO proOuct rf membrane lipiO peroxiOation, was alsr measureO from
Oialysates by HPLC anO flurrometric Oetection. We frunO that OH* anO MDA
brth increaseO Oramatically in response tr PGF^ aOmikistration. In the MPtreateO yroup, 30 my/ky anO 60 my/ky brOy weiyht rf MP completely
blrckeO OH* formation anO MDA release respectively. This Oemonstrates that
PGF^ inOuces OH* formatim, thereby causiny membrane peroxiOatim tr
release MDA anO that MP blrcks the pathway rf PGF^-» OH* anO subsequent
MDA proOuctim. Next, we yenerateO OH* by aO^jinisteriny Fenton reayents
into the rat spinal crrO anO measureO MDA release causeO by OH’ yeneratim.
We founO that MDA Oramatically increaseO in respmse tr OH* yeneratim.
Hrwever, MP (30 my/ky) haO nr effect on MDA release. This further
Oemonstrates that MP acts as an antioxiOent tr reduce peroxiOative injury, but
not as a free raOical scavenyer. SupporteO by the ParalyzeO Veterans rf
America Spinal CrrO Research FrunOatim (#1025).
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Nao Yi An (NYA), a complex deriving from Traditional Chinese Medicine,
has been found to be effective in the recovery of movement deficits in patients
suffering from cerebral hemorrhage. We studied the modification of nitric oxide
synthase (NOS) activity in an animal model of cerebral hemorrhage, and the effect of
NYA, by means of NADPH-diaphorase (NDP) histochemistry. NYA (4.38 g/kg body
weight) was orally administered to adult Wistar rats 2 h before autologous blood
injection into the right internal capsule (IC) (T Group rats); NYA administration was
then repeated daily until perfusion. NYA was not administered in other animals
which received blood injection in the IC (C group). Rats were perfused 2, 4, 7, 14,
and 28 days after the operation and brain sections were processed for NDPhistochemistry. NDP-positive non-pyramidal neurons were seen in the cerebral
cortex, as normally present. In addition, in the C group of rats, numerous NDPpositive pyramidal neurons and endothelial cells were seen throughout the ipsilateral
and contralateral cortex, especially in the operated hemisphere, 2 days after surgery.
NDP-positive non-neuronal cells, presumably macrophages and astrocytes, were also
seen In the C group in the operated hemisphere, close to the needle track. NDPpositive pyramidal neurons were only seen in the ipsilateral cortex 4 days after the
operation, when very few NDP-positive non-neuronal cells were still detectable.
NDP-positive non-neuronal cells disappeared afterwards. The number of NDPpositive pyramidal neurons decreased progressively 7 days after the operation and
they were not visible after 28 days. Non-neuronal NDP-positive cells were not
detected in the T group, in which very few NDP-positive pyramidal neurons were
detected only in the area close to the needle track in the earliest stage. Thus, our data
indicate that autologous blood injection into the brain may induce NOS expression,
and that NYA may inhibit such induction.

PROGESTERONE TREATMENT REDUCES GENDER
DIFFERENCE IN MORRIS WATER MAZE PERFORMANCE
AFTER MEDIAL FRONTAL CORTICAL CONTUSION.
R.L. Roof*. J.W. Hevbum. J. Baez. & D.G. Stein. Brain Research Lab,
Inst, rf Animal Behav., Dept rf Psych, Rutyers Univ. Newark NJ 07102.
We prevtously reporteO that progesterone (P) reOuces cerebral eOema
assrciateO with cortical crntuston in male anO female ratsL In males this
leaOs tr an amelioration rf coynitivn Oeficits as well as a reduction rf
neuronal Oeath in the thalamus*. To Ontnrminn whether the females' injury •
inOuceO coynitive Oeficits are also imp^veO with P treatment, 44 female
Sprague-Dawtey rats were yiven meOial frontal cortical contusions on the
Oay of proestrus. P or oil injections (4 my/ky,) were yiven b^yinniny at lh
after injury, anO once each 24h perioO for 1 week.
Beyinniny 7 Oays after suryery, each rat was testeO for 10 Oays in the
Morris water maze. ContuseO females took significaktly more time anO
useO a lonyer path to finO the hiOOen platform compareO to sham
females. ContuseO females receiviny P injections performeO better than
females treateO with the oil vehicle.
These Oata were compareO to that of male rats previously reporteO*.
Sham males anO females performeO equally well on the MWM, however,
after cortical contusion, oil-treateO females performeO siynificantly worse
than oil-treateO males. P treatment reduceO this yenOer Oifference, anO
females performeO as well as P-treateO males.
As with the males, cell Oensity measures OemrnstrateO siynificakt
neuronal loss associateO with the contusion in the meOial Oorsal thalamus
(MD)as well as in cortical areas aOjacent to the contusion area. AeOuctiok
of the MD cell loss was seen in P-treateO lesion rats. There were no yenOer
Oiffnrnncns in cell loss or rescue.
Nestor. Neurol. Neurosci. 4, 425-427 (1992). *Exp. Neurol. 129, 64-69.
(1994). SupporteO by CDC (R49/CCR208836).
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EFFECT OF IMMUNE PRIMING ON BORNA DISEASE A. J. Lewis1, J. L

BORNA DISEASE VIRUS-SPECIFIC ANTIBODIES ARE PRESENT IN THE
CNS OF INFECTED RATS C. G. Hatalski*1'3. W. F. Hickev*. W. I. Lipkin
Department of Anatomy & Neurobiology1, Neurovirology Laboratory3, Univ. of
Cal. Irvine, Irvine, CA 92717; Department of Pathology2, Dartmouth Hitchcock

3

Whitton2. U. Ngo3. S. van den Noort*

1

3

and W. I. Lipkin

Depts of

Anatomy and Neurobiology and Neurology3, Univ. of California,
Irvine, Ca 92717; Scripps Research Institute2, La Jolla, CA 92037.
Borna disease was first described as an encephalitic disease of
horses and sheep in southern Germany. The etiological agent has since
been found to be a non-segmented, negative strand RNA virus. Borna
disease virus (BDV) causes an immune-mediated neurologic disorder
in a wide range of host species. The N protein of BDV, p4O, is one of
the most abundant viral proteins present in infected cells and tissues
and elicits a strong antibody response.
A vaccinia virus vector
expressing p4O (VVp4O) was used to prime an immune response in
male Lewis rats prior to challenge with BDV infection.
Control
animals received either a vaccinia vector expressing an irrelevant
antigen or PBS. Six weeks later animals were inoculated intranasally
with BDV. Clinical - observations were made daily. Animals receiving
VVp4O showed intensification of clinical disease when compared with
both control groups. At 14, 21, 31 and 36 days post BDV challenge
brains were collected for histology and RNA analysis. Examination of
inflammation in hematoxylin and eosin stained brain sections showed
increased perivascular infiltration. Northern hybridization showed a
dramatic decrease in expression of viral RNAs in the experimental
group. Immunization with VVp4O resulted in an apparent increase in
viral clearance, however encephalitis and clinical symptoms were
exacerbated.

3

Medical Center, Lebanon, NH 03756
To study the role of antibodies in the CNS during Borna disease virus (BDV)
infection, brain sections from male Lewis rats at different times post-infection
(acute 4-6 weeks, chronic 15-25 weeks) were analyzed for detection of IgG.
Immunohistochemistry using anti-rat IgG antibodies showed diffuse staining
throughout the brain, primarily in gray matter areas and neuropil during both
the acute and chronic phases of infection. A few small cells both in the
parenchyma and in perivascular cuffs stained intensely; these cells are likely
to be plasma cells. Additionally, a few cells with neuronal morphology showed
intracellular staining. Western blot analysis was performed to compare the
levels of IgG in rat brains from the acute and the chronic phase of infection.
The intensity of staining with anti-rat IgG in Western blot suggests that there is
an increase in the amount of IgG in the CNS from the acute to the chronic
phase of infection. To determine if antibodies in the CNS are directed against
BDV, CSF and sera from three rats in the chronic phase of infection were
analyzed by ELISA for antibodies directed against three BDV-encoded
proteins (p4O, p23, and gp18) and for capacity to neutralize BDV infectivity.
Antibodies were present in the CSF that detected p4O, p23 and gp18 and had
neutralization activity. However, antibody titers to BDV proteins were lower in
the CSF than in the serum (CSF/serum 3-15%). The titers of neutralizing
antibodies were also lower in the CSF than in the serum (CSF/serum 16-37%).
These results suggest that BDV-specific antibodies are present in the CNS;
whether these antibodies play a role in modulation of infection or immunity
remains to be determined.

834.3

834.4

RETROVIRUS-INDUCED ASTROCYTIC NITRIC OXIDE (NO)
PRODUCTION FOLLOWING INFECTION WITH NEUROPATH-

IN VITRO AND IN VIVO ANTIVIRAL ACTIVITIES OF HUMAN

OGENIC ts1 MoMuLV : A MECHANISM FOR NEURONAL

DEATH AND PATHOLOGICAL CHANGES IN SPONGIFORM

POLIO-ENCEPHALO-MYELOPATHY OF FVB/N MICE
J.M. Vann. P. Szurek and B.R. Brooks* Neurol & Research Svc,
Wm S Middleton Memorial VAMC, Madison, Wl 53705-2286 and
Neurology Dept, University of Wisconsin Medical School
Background: NO-mediated neuronal or oligodendroglial damage
by HIV-1 in AIDS has been postulated to require NO-producing
neurons or macrophages, but the effect of retroviral infection on
astrocyte (As) inducible nitric oxide synthase (iNOS) is unknown.
Methods: Subcortical As NO production in vitro was monitored
by measurement of nitrite formation with Griess reagent before
and after tsl infection. Lipopolysaccharide (LPS) and gammainterferon (gIFN) effects on mock-infected and tsl-infected As
NO production were studied separately and together.
Results: Basal NO production by tsl -infected As was higher
than in mock-infected As from 72 hr pi. LPS [10-10,000 ng/ml],
but not gIFN, increased NO production in mock-infected and tslinfected As. LPS [1 ug/ml] / gIFN [100 U/ml] together stimulated
significantly higher NO production in tsl -infected As than mockinfected As. L-N-monomethyl-arginine (LNMMA), an inhibitor of
iNOS, blocked these effects.
Conclusions: NO production by retrovirus-infected As provides
an added source for indirect neuronal/oligodendroglial death.

834.5
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HERPES SIMPLEX VIRUS IN POSTMORTEM MULTIPLE SCLEROSIS
BRAIN TISSUE. V.J._£and.gr^A.E. Waddell. S-L. Fglisan. W.W.

Tourtellotte. M.D.. Ph.D. Neurology Research, West L.A. V.A. Med.

Ctr., Los Angeles, CA 90073
Objective: To test for the presence of herpes simplex virus 1 and 2
(HSV) in postmortem brain samples from patients with multiple
sclerosis (MS) and controls using polymerase chain
reaction/Southern blot hybridization methodology (PCR/SB).
Background: HSV is a common neurotropic virus capable of long
latencies. It can cause focal demyelination in animals. Methods:
Dissected plaque tissue classified as active or inactive and unaffected
white matter (WM) and gray matter (GM) from 37 MS cases were
screened for HSV by PCR/SB. WM and GM from 22 Alzheimer's
disease, 17 Parkinson's disease and 22 cases without neuropsychiatric disease served as controls. Results: 46% (17/37) of the
MS cases and 28% (17/61) of the control cases had samples positive
for HSV (p=.109). 41% (9/22) of active MS plaques were positive
for HSV. 20% (6/30) of inactive plaques had virus. 24% (9/37) and
14% (5/37) of MS cases had HSV in Wm and GM, respectively. 27%

(14/61) and 13% (8/61) of non-MS cases had HSV in WM and GM,
respectively. No significant differences were found between all
subgroups (p= .097). Conclusions: HSV was present in a greater
frequency of MS cases compared to control cases. A greater frequency
of active plaques had HSV present compared to inactive plaques. Virus
in MS WM and GM as well as controls makes an association to the MS
disease process uncertain. Future: Cellular localization of virus and
its relationship to pathology and latency may reveal an association

with disease.
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RECOMBINANT MONOCLONAL ANTIBODIES TO HSV-1 AND -2
P.P. Sarnia*! R.A. Williamson2. A. De Logo! M.E. Samson! EE- Bloom! and
D.R. Burton2»3. Depts. of Neunophanmacology*, Immunology^ and Molecular
Biology^- The Scripps Res. Inst., La Jolla, CA.
Herpes simplex viral disease is an important cause of morbidity and mortality
in man. Although the availability of drugs with high therapeutic indexes has greatly
improved the management of herpetic infections, the emergence of drug-resistant viral
strains, especially in the immunocompromised subjects, has become a cause of
serious concern and underscores the importance of developing new and alternative
prophylactic and therapeutic tools.
We have isolated large panels of human recombinant monoclonal antibodies
to HSV by antigen selection (’panning’) from combinatorial phage display libraries.
Some such antibodies displayed neutralizing activity in vitro. A type common
antibody specific for glycoprotein D, antibody ACHSv 8, neutralized very effectively
both laboratory strains and clinical isolates of HSV-1 and -2 and was capable of
inhibiting cell-to-cell transmission of these viruses in vitro as an Fab fragment.
This antibody acts through first order kinetics and appears to bind monovalently to
its epitope. In addition, this antibody more than doubled survival times (p<0.0001)
when administered to athymic nude mice infected with HSV-1. Such prolongation of
survival was seen even when the antibody was administered up to 24 hours postinfection, a time when the virus is already in the PNS.
To improve the implementation of this approach, we have now modified this
affinity-based cloning technique to allow for more facile isolation of recombinant
antibodies to specific viral proteins in their native conformation. With the modified
method, phage display libraries are panned against viral glycoproteins ’captured’ from
infected cell extracts with immobilized monoclonal antibodies. Using this strategy
we isolated six novel neutralizing human recombinant antibodies to HSV
glycoproteins D or B. Partially supported by MH - 47680.
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THE USE OF A SMALL ANIMAL MODEL FOR CMV RETINAL INFECTION:
IN SITU MOLECULAR BIOLOGY.tfE.S. Lazar*. L EpsteinLJr.. W. Britt*. B.
Blumberyl.A. JonesL M. del Cerrof* HU. of Rochester Medical School1, Rochester,
NY; U. of Alabama, Birmingham School of Medicine2, Birmingham, AL.
Human cytomegalovirus (HCMV) is an important cause of morbidity and
mortality in patients infected with HIV, and little is known about the pathogenesis
associated with this virus. No models have been developed to study HCMv infection
of human neural tissue in vivo. We have developed an animal model which will aid
in delineating this problem. We sought to detect the presence of HCMV in human
retinal xenografts in SCID mice using immunocytochemistry (ICC) and In Situ
Hybridization(ISH). As HCMV is specific for the human genome, in vivo infection
of human cells into an animal model is a valuable tool in following the course of the
disease. Human fetal retina was transplanted into the anterior chambers (AC) of eyes
of SCID mice and infected with HCMV. (ICC) was performed with monoclonal
antibodies targeted against early, middle, and late replication phase proteins and other
gene products. Peroxidase/anti-peroxidase ICC was performed using an Elite Vector
ABC and DAB Peroxidase Substrate Kit. ISH was performed using a 5OOp randomprimed diEOxiEenin labeled dsDNA probe which targeted a specific region of CMV
DNA. This technique and the process of in situ polymerase chain reaction was tested
on AD 169, Coff, and Crump strains of HCMV. 30 days post-infection, the grafts
are differentiated with detection of intranuclear and intracytoplasmic viral
components. ISH was successful at detecting positive cells with the use of the
labelled probe which specifically targeted a region of the CMV genome. This shows
that active infection is occurring in the transplanted tissue and that we are infecting
human tissue with HCMV. The AD 169 strain was much more reactive than the
Coff and Crump strains of HCMV. This animal model allows the study of HCMV
replication in nervous tissue and the specific effects of HCMV on human retinal
cells. In vitro molecular immunohistochemical and ISH techniques are suited to the
detection of HCMV infected retinal cells. Here, we use the AC immune privilege
and the immune status of the SCID to mimic HCMV infection in AIDS patients.
Supported by AmFAR and Strong Children’s Research Center.
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CELL TYPE-SPECIFICITY AND INDUCIBILITY OF THE HUMAN
CYTOMEGALOVIRUS MAJOR IMMEDIATE EARLY PROMOTER IN
BRAINS OF TRANSGENIC MICE. J.M ■ FritschA S. Brandnen*.
A- AeuzziA B. Luscher-k and P. J. Mitchell2.' ilnstitote of Pharmacology.
institute of Molecular Biology II. University of Zurich. CH-8057 Zurich;
3lnsitute of Neuropathology, University Hospital. CH-8O9l Zurich,
Switzerland.
Human cytomegalovirus (HCMV) has been associated with a variety of
pathologies including CNS infections. We showed previously that the
HCMV immediate early (IE) promoter directs lacZ gene expression in
transgenic mouse embryos specifically to sites correlated with known target
tissues of congenital HCMV infection in human fetuses (Koedood et al..
1995). Thus. cell type-specific transcription factors that regulate the IE
promoter appear to be conserved between humans and mice and to play an
important role in determining HCMV infection targets. Here. we analyzed
brain-<sp2cific IE-lacZ expression in our transgenic mice with a view
towards identifying potential HCMV infection targets in the neonatal and
adult CNS. Immunohistochemical analysis revealed IE-/acZ expression in
choroid plexus. some endothelial and ependymal cells. and in several
neuron populations. notably in brainstem. cerebellum. cerebral cortex.
hippocampus. olfactory bulb. and thalamus. Double-labeling with GFAP
antibody showed that the IE promoter was inactive in most astrocytes. but
was dramatically induced in astrocytes of the ipsilateral cortex and striatum
during gliosis induced by a stab lesion of the neocortex. The IE promoter
activity pattern in the murine CNS is consistent with clinical data on human
HCMV brain infection targets and suggests a model for HCMV progression
in the CNS whereby astrocytes become permissive for infection in response
to tissue damage caused by infection of primary targets.

EFFICIENT TRANSDUCTION OF HUMAN NEURONS WITH AN
ADENO-ASSOCIATED VIRUS VECTOR. B. Du. P. Wu*. D.M.
Boldt-Houle. J. Watters. and E.F. Terwilliger. Divisions of Infectious
Disease and Hematology/Oncology. New England Deaconess Hospital.
Harvard Medical School. Boston. MA 02215
An adeno-associated virus (AAV) vector containing a lacZ gene
under the control of the CMV immediate early promoter was evaluated
with respect to its transduction efficiency and integration ability in
nondividing human NT neurons. Using dual staining immunocytochemistry with monoclonal antibodies to neurofilament proteins and 6galactosidase (6-gal). we were able to demonstrate: 1) the co-localization
of neurofilaments and 6-gal in the same cells; and 2) a dosage-dependent
pattern of AAV vector transduction efficiency. with up to 100% of the
neurons expressing 6-gal. The efficiency found in NT neurons was
equal to or greater than the AAV transduction efficiency in 293 cells.
which are a highly sensitive cell line to AAV. This indicates that the
human NT neurons are readily susceptible to AAV-mediated
transduction. No neurotoxicity was detectable by a MTT assay.
Further. quantitative PCR analyses of high molecular weight cellular
DNA from the transduced neurons indicated that the copy number of the
AAV 6-gal genome increased not only in a dose-dependent but in a timedependent manner. the latter suggesting a slow progressive rate of
integration of the vector over a period of days following transduction.
In summary. this study demonstrates that AAV-based vectors can
efficiently transduce. express and integrate a foreign gene into
postmitotic human NT neurons.
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EXPRESSION OF CYTOKINES AND NITRIC OXIDE SYNTHASE BY
ASTROCYTES IN CHRONIC DEMYELINATION CAUSED BY MHV-JHM IN
SUSCEPTIBLE MICE Nine Sun* and Stanley Perlman Department of Pediatrics
and Microbiology, University of Iowa, Iowa City, IA 52242
Intranasal inoculation of C57BL/6 mice with mouse hepatitis virus (MHV),
strain JHM under the appropriate condition results in a chronic demyelinating
disease characterized clinically by hindlimb paralysis (HLP). Expression of
cytokines, nitric oxide synthase (iNOS), MHC class I and II antigen and their

INTRACEREBROVENTRICULAR ADMINISTRATION OF IL-lp IN DOGS
PRODUCES CSF LEUKOCYTOSIS BUT NOT - FEVER. G.S.F. Line*. B.
Goodman, and D.F. Hanlev. Division of Neurosciences Critical Care, Dept, of
Neurology, Johns Hopkins Medical Institutions, Baltimore, Maryland 21287.
Il-ip has a well-recognized role in initiating and perpetuating inflammatory
cellular responses and in producing fever. Clinically, fever is often the first
objective sign of systemic illness. In this study, we examined the effect of
intracerebroventricular (i.c.v.) administration of H^lp on cerebrospinal fluid
(CSF) white blood cell count (WBC) and fever.
Beagle dogs (n=6) were each surgically prepared with an indwelling i.c.v.
catheter system. After at least one month of recovery, human II-1 p was given
i.c.v. in doses of 50,100 and 200 ng/kg. Controls received 0.1% BSA in normal
saline. Blood and CSF specimens were obtained before and for 3 hours after
dosing. Body temperature was measured continuously throughout. Biofluid
analyses used standard manual methods and an automated hematology counter.
Results demonstrated a rapid increase in CSF leukocyte count. By 5 min. after
administration, peak cell counts were obtained. For the 100 and 200 ng/kg groups,
the WBCs were 36 + 8.7 mm3(Mean ± SEM) and 89 + 39.3 mm3, respectively.
These results were significantly different from control (p< 0.05, t-test). Over the
next hour, these levels gradually decreased back to baseline. At 5 min., the white
cells were noted to be predominately mononuclear, approximately 75% of total
WBCs. Body temperature did not significantly increase from baseline.
In conclusion, following i.c.v. administration in dogs, Il-lp leads to CSF
leukocytosis that is .predominantly mononuclear. This effect is dose-dependent. In
addition, at the doses tested, there was no pyrogenic response. These findings
suggest that disorders that lead to a predominantly CSF monocytosis (such as
aseptic meningitis) may be mediated by Il-lp. In addition, it appears that fever
requires a higher level of this cytokine or possibly another mechanism is involved.

possible cellular sources were investigated in this study. Cytokines TNF-a, IL-6,
IL-ip and iNOS were all up-regulated in the spinal cords of HLP mice as revealed
by immunocytochemistry. Double-label studies demonstrated that cells expressing
these cytokines and iNOS were astrocytes. Most astrocytes expressing cytokines
and iNOS were not infected by virus but were distributed in the white matter of
spinal cord near virus and demyelinating lesions. Also in additional experiments,
the spatial relationship of virus-infected cells and the activated astrocytes was
analyzed. The analysis showed that 15% of all infected cells in these chronically
infected mice was astrocytes. The expression of cytokines and iNOS in astrocytes
in these mice is in significant contrast to findings in mice with the acute
encephalomyelitis caused by MHV-JHM. In acutely infected animals, TNF-a, IL-6
and iNOS are found mainly in macrophage-like cells. In addition, MHC class I and
II antigen are also up-regulated in the spinal cords of chronically infected mice,
although not in astrocytes. The results of this study demonstrate that expression of
different cytokines and nitric oxide synthase in the astrocytes is a feature unique to
the chronic as opposed to acute infection caused by MHV-JHM. The concordance
of the present results with findings in other animal models of demyelinating
disease and in patients with multiple sclerosis suggests that astrocytes play a major
role in chronic demyelination.
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NORMAL NEURONAL EXCITABILITY AND SYNAPTIC
TRANSMISSION IN PRION PROTEIN GENE ABLATED
MICE. P.-M. Lledo*. S. J. DeArmondL S.B. Prusinert and R.A. Nicoll.
Depts. of Cellular & Molecular Pharmacology, ^Pathology & tNeurology,

The prion

Biochemistry & Biophysics; UCSF, San Francisco, CA 94143.
The physiological function of the cellular prion protein (PrPC)
remains obscure. To investigate whether the loss of PrPC could affect
neuronal excitability and/or synaptic transmission in the CNS. we have
used hippocampal slices and recorded in the CA1 region from PrP
knockout mice (Pmpo/o). Field potential recordings have revealed a
normal level of synaptic inhibition since in response to stimulation in
stratum radiatum, responses from Pmpo/o mice consisted of a single
population spike similar to the one recorded from control mice and the
plot of field EPSP slope versus the population spike amplitude showed
no difference between the two sets of data (n = 12). Intracellular
recordings also failed to detect any difference in electrical membrane
properties and the reversal potential for IPSPs was unchanged (-70.1 ±
1.9 mV in 1 0 c ontrol and -69.9 ± 2.2 mV in 8 Prnpo/o mice). The
study of the IPSC kinetics also reveals no modification (n = 14). In
another set of experiments. we examined whether LTP was altered and
found that no statistical difference existed between the two groups of
animals (n = 5). Our findings differ from published results in which
the level of inhibition was reported to be impaired in the Pmpo/o mice
(Collinge et al.. Nature 220; 295-297; 1994). but agree with the earlier
detailed behavior studies in which no impairment in Pmpo/o mice
could be demonstrated (Bueler et al., Nature 356: 577-582; 1992).
Supported by NATO, the CNRS and the NIMH.
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protein
binds to PSP, an essential
splice
factor
.
Bruno Oesch*. Paul Jeno. and Edith Gubler. Brain Research
Institute, University of Zurich, August Porelstr. 1,8029 Zurich,
Switzerland, and Dept. of Biochemistry, Biozentrum, 4056 Basel
Interaction of the prion protein (PrP) with other cellular proteins
on ligand blots has led to the identification of two PrP ligands of 45
and 110 kDa (Pli 45 and Pli 110, respectively). Here, we report the
identification of Pli 110 as PSP, a splice factor associated with the
polypyrimidine-tract binding protein. Pli 110 was purified using
sucrose gradient centrifugation followed by chromatography on
carboxy methyl cellulose, reverse phase and hydrophilic interaction
columns. Tryptic peptides of bovine Pli 110 were sequenced
revealing extensive homology to human PSP. Binding to PrP was
confirmed with recombinant PSP. Using anti-PSP antibodies, we
were able to show the presence of PSP in our most purified
preparations of Pli 110. In addition, the binding pattern of PrP to
unfixed sections was similar to the distribution of PSP i.e. the
signals were strongest in areas of high density of cell bodies.
These results suggest that either PSP may have an alternative
function at the membrane or that PrP is not exclusively located at
the cell surface. Recently, an intracellular 60 kDa PrP isoform has
been identified and shown to be more abundant in scrapie-infected
animals suggesting that this isoform may aid the generation of
disease-specific PrP& or infectious particles. We are currently
investigating whether the 60 kDa form of PrP copurifies with PSP.
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NECROTIC,
NOT
APOPTOTIC,
CHANGES
IN
THE
PITUITARY OF FEMALE HAMSTERS INFECTED WITH THE
139H STRAIN OF SCRAPIE. X. Ye*1. R.I. Carp2. *Div
of Neurotoxicology, FDA/NCTR, Jefferson, AR,
72079, ZNYS Institute for Basic Research for
Developmental Disabilities, 1050 Forest Hill
Road, Staten Island, NY, 10314.
Previous
studies
have
shown
that
139Hinfection of hamsters causes obesity and marked
histopathological changes in the
islets of
Langerhans and pituitary. Using routine EM, we
now report more details of the histopathological
changes in the pars distalis of the pituitaries
of
l39H-infected
hamsters.
Dilation
and
vacuolation '
were
first
observed
in
the
mitochondria and rough endoplasmic reticulum
(RER).
The subsequent abnormal events seen
included vacuolation
and
breakdown
of
the
secretory vesicles,
lysosomal breakdown and
finally cell digestion and
lysis.
In some
damaged cells the nucleus remained attached to
the cellular membranes, suggesting that it was
protected to some degree from the effects of
cytoplasmic toxins by the nuclear membrane.
Based upon these observations, we conclude that
the cellular death seen in the pituitaries of
l39H-infected hamsters is due to necrosis rather
than apoptosis.

THE
MOLECULAR
PATHOGENESIS
OF
THE
TUBULOFILAMENTOUS PARTICLES: EVIDENCE OF A HOMOLOGOUS
SINGLE-STRANDED DNA IN SPONGIFORM ENCEPHALOPATHY. H.
Narang*. Dept, of Psychiatry, School of Medicine, SUNY, Stony Brooic

NY 11794.

Scrapie, bovine spongiform encephalopathy (BSE) and CreutzfeldtJakob disease (CJD) with six other diseases have been grouped together as
spongiform encephalopathies (SEs). No simple genetic susceptibility
factor for SEs has been identified in human or animals. Existence of at
least 20 genetically stable strains in SEs appears to be incompatible both
with PrP by itself or with a specific point mutation seen in the PrP gene
being the agent. The evidence presented so far suggests that SE is an
infectious disease and not a genetic disorder. Unique virus-like
tubulofilamentous particles termed nemavirus (NVP) have been
consistently observed in SE brains by EM. In a blind study, a scrapieinfected and a normal hamster brain were examined at 3, 5, 7, 10, 14, 18,
21, 24 and 28 days post-inoculation. Examination of grids prepared from
both left and right sides of the brain at 3, 5 and 7 days revealed no NVP
or SAF. However, at 10 days scrapie-infected hamster brains from the
inoculated right side revealed both NVP and SAF. From 18 days postinoculation the NVP and SAF were observed in both sides of the brain
which would suggest that replication of the agent starts at the local site of
inoculation. No NVP or SAF were seen in any of the preparations from
normal brains. Nucleic acid was purified from the content of enriched
preparations of mitochondria/NVP. The ssDNA was synthesized into
double stranded DNA and inserted in Puc 18, cioned and sequenced. An

unusual palindromic six base (TACGTA) 10 repeat sequence was
obtained, as observed in scrapie, which revealed no significant homology
to other sequences. A probe prepared reacted with a band of about 1.2 kb
in scrapie, CJD and BSE but not with control normal DNA specimens.
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BACTERIAL ENDOTOXINS INDUCE NEUROLOGICAL SYMPTOMS IN
ADULT WISTAR RATS. R. F. Brown and M. Kiermrn.*
Psychology Dept., The University of New South Wales, Australia, 2052.

PNEUMOCOCCAL CELL WALL COMPONENTS RELEASE TNF-a FROM
CEREBRAL ASTROGLIAL AND ENDOTHELIAL CELL CULTURES
M. Weih*. D. Frever. J. R.Weber. P. Scholz. A. Meisel. K. Anestwurm,W.
Burger, U. Dinu&l. Dept, of Neurology, Dept, of Microbiology, Charite,
Humboldt University Berlin and Schering AG, Berlin, Germany.
Astroglial cells and cerebral endothelial cells have been shown to produce
tumor necrosis factor-alpha (TNF-a) upon stimulation with cytokines like IFN-y,
ILl-p or bacterial lipopolysaccarides (LPS). The cell wall of Streptococcus
pneumoniae (PCW) has been shown to cause meningeal inflammation;Which
might be mediated in part by pro-inflammatory cytokines like TNF-a. TNF-a has
also been found in cerebrospinal fluid in experimental menigitis and in humans.
We tested whether astroglial or endothelial cells could account for this TNF-a
release. Addition of PCW to cultured rat astroglial cells increased TNF-a in the
supernatant significantly after 4h from 3 ± 0,63 pg/ml to 9,8 ±1,6 pg/ml and was
inhibited by dexamethasone (10‘6 M). TNF-a release from astroglia! cells, as
determined by the L929 bioassay, was dose-dependent in a range shown to cause
meningeal inflammation in vivo. TNF-a production in cerebral endothelial cells
after 12 h was higher than in astrocytes (117 vs. 45 pg/ml) and also inhibitable by
dexamethasone.Our results suggest astroglial, microglial and endothelial cells as
sources of TNF-a, a pro-inflammatory cytokine, which could mediate vascular
and antimicrobial response in the early phase of experimental pneumococcal
meningitis leading to recruitment of blood leucocytes and finally breakdown of
the blood-brain-bamer (This work was supported by the DFG).

The present experiments investigated the novel finding that bacterial
endotoxins can induce neurological symptoms in adult wistar rats. Neurological
symptoms typically appeared 6 - 24 hr post endotoxin administration (ivi. and
ip.), persisted for 24 - 36 hr, and then spontaneously resolved. These symptoms
appeared in approximately 85 % treated animals, although symptom severity
was variable. Mildly affected rats presented with mainly proprioceptive deficits,
which manifested as an abnormal gait;' moderately affected rats presented with
proprioceptive and mild motor deficits; and severely affected rats presented with
proprioceptive, motor (paralysis/paresis); and sensory (reflex) deficits. Further

experiments were conducted to: investigate the generalisation of this syndrome
across a nutnber of different rat strains, and between sexes; localise the site(s) of
pathology' mediating this syndrome; and, determine which endotoxin-induced
chemical pathway(s) might be mediating this syndrome.
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IS THERE A ROLE OF NEUROGENIC INFLAMMATION IN THE rCBF
RESPONSE IN BACTERIAL MENINGITIS? J. R. Weber. K. Angstwurm. R,
Empson*±. G.M. Bove #. KM. EinhaupL U, Dimael and M.A. Moskowitz #.
Depts. of Neurology and +Physiology, Charite, Humboldt University, 10098 Berlin,
Germany, ^Massachusetts Gen. Hosp., Harvard Medical School, Boston.

INTRACISTERNAL INJECTION OF TUMOR NECROSIS FACTOR
ALPHA (TNFa) INCREASES REGIONAL CEREBRAL BLOOD FLOW
(rCBF). KAnsstwurm. Af.Weih. D.Frever. K.M.
Einhdupl, P.Scholz1.
G.Ransmavr2** U.Dimazl. J.R, Weber. Dept, of Neurology, Humboldt-University,
Schering AG, Berlin, Germany/Dept. of Neurology, Univ. of Innsbruck, Austria.
TNFa is a pleiotrophic cytokine, which is thought to be a central mediator of
various CNS diseases. Its role in bacterial meningitis, for example, is still under
controversial discussion. We tested the effect of intracistemal injection of
recombinant rat specific TNFa on rCBF, intracranial pressure (ICP), pleocytosis
and brain water content in rats. TNFa. (activity: 3 107 units/mg) was applied in
three dosages (35pg (n=3); 7Opg (n=4); 28Opg (n=3) per animal). In control
animals saline i.c. was injected. rCBF measurement was performed by laser Doppler
flowmetry through the thinned right parietal bone. Within the observed 6h post i.c.
injection no differences were seen in blood pCO2, pO2, and pH of treated and

Headache and nausea are the most relevant clinical symptoms in early bacterial
meningitis (BM). The hypothesis that headache in BM may result from trigeminal
activation is strongly supported by observations in the early phase of experimental
meningitis which is characterized by a dramatic regional cerebral blood flow (rCBF)
increase and inflammation within the first 6 hours. We undertook this study to
examine a possible role of trigeminal axons in the rCBF response.
In 5 male wistar rats the nasociliary nerve (NCN), which innervates the meninges
over the frontal lobe was cut on the right side 10 days before the experiment.
Meningitis was induced by intracisternal injection of pneumococcal cell wall
components (equivalent of 107 cfu Streptococcus pneumonae PnR-527, Jena).
Physiological parameters were monitored throughout the experiment. rCBF was
measured continuously over 6 hours with laser Doppler flowmetry with two probes
bilaterally over the right and the left frontal lobe
•of the cortex throu^di the thinned skull
jhrO

IDF %/side

Oh

right, NCN cut

100

123 ±7

197 ±29

left

100

lO6± 19

140 ± 17*

3h

6h

J

aiso -

*(p< .05) Students t-test, mean ± SD
Denervation of the meninges attenuates the
o
2
4
6 timer™
rCBF increase in BM. The study provides first evidence for a role of a neurogenic
mechanism' in rCBF response in acute inflammation of the CNS. We speculate that
neuropeptides released from trigeminal C-fibers may be involved in mediating rCBF
increase in BM.
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untreated rats. In TNFa i.c. injected animals a systemic effect was leukopenia.
Otherwise the 35pg TNFa group did not differ from saline i.c. injected. An
injection of 7Opg or 28Opg TNFa increased rCBF
rCBF
ot TMF 4oMg»
significantly beginning 2h after i.c. injection compared
to the lower dosages. 4,5h and later rCBF of 28Opg
TNFa group was higher than of all other groups 1
(mean±SD 6h after i.c. injection: Opg: 115±I7; 35pg:
I
l2O±lO; 7Opg: l7O±39; 28Opg: 248±28. pcO^, *

ANOVA, Student-Newman-Keuls). Animals with the
two higher dosages showed mild pleocytosis (400/pl,
pcO,O5). No significant differences were found concerning ICP and brain water
content. Conclusions: l.CNS inflammation requires more mediators than just
TNFa, 2. TNFa is a possible mediator for systemic effects of CNS inflammation.
The role of NO in TNFa mediated rCBF response has to be eluciated in future.
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TROPHISM OF TOXOPLASMA FOR ASTROCYTES IN A HUMAN FETAL
NEURAL CULTURE. S.K. Halonen and F:C. Chiu*. Dept. of Neurology,
Albert Einstein College of Medicine, Bronx, N.Y. 10128.
Toxoplasma gondii is an intracellular parasite that is one of the most
common opportunistic infections of the CNS in AIDS patients, causing an
often fatal encephalitis. Treatment of this disease is hampered by a lack of
information about the basic biology of this parasite in neuronal cells. In this
study primary cultures from human fetal brain were used to study the
behavior of Toxoplasma in neural cells. Toxoplasma was able to infect
both astrocytes and neurons but growth of the parasite in astrocytes was
approximately 10-fold higher than in neurons. The behavior of Toxoplasma
also differed drastically in astrocytes vs. neurons. In astrocytes, Toxoplasma
replicated every 4-6 hrs, with an average of 22-24 parasites/host cell at 48
hrs. In neurons however, parasites replicated only 1-2 times over this same
48 hr period. There was evidence that some of the infected neurons were
necrotic 24 hrs after infection. However, approximately 10% of the infected
neurons were able to support replication of the parasite. These results
indicate that 1) astrocytes support the majority of the proliferation of the
parasite in the brain and 2) neurons exhibit a differential susceptibility to
infection with Toxoplasma. A better understanding of the trophism for
astrocytes and of the differential behavior of Toxoplasma in neurons may
yield insights into the mechanisms underlying toxoplasmic encephalitis.
(S.K. Halonen is a Aaron Diamond Foundation Fellow and this work was
supported by a grant from The Aaron Diamond Foundation).

MENTAL ILLNESS—SCHIZOPHRENIA III
835.1

835.2

NMDA RECEPTOR DOMAINS IN POSTMORTEM BRAINS OF
SCHIZOPHRENIC PATIENTS. T. Matsunaga*! A- Shimada2, A G.
Mukhin1. D. K. Ingram2. S. R. Zukin3. J. Kleinman4. M- Casanova5

DISTRIBUTION OF CCK mRNA IN PREFRONTAL CORTEX OF
SCHIZOPHRENICS. T.TakahaslB1121.. LLAnai1 R.Iaoue2’. A.MatsmmQtQ*^.

and E. D. London1. Intramural Research Programs, fNIDA and 2NIA,
Baltimore, MD 21224; 3Albert Einstein Col. Med., New York, NY;
10461; intramural Research Program, NIMH, Washington, DC
20032; and 5Med. College of Georgia, Augusta, GA 30912.
Growing evidence suggests that aberrant glutamatergic systems
interacting with dopaminergic systems may be involved in the
pathophysiology of schizophrenia.
The NMDA receptor is a
heteropolymeric complex that has distinct domains, including NMDA and
glycine recognition sites and channel binding sites.
Furthermore, the
subunit composition of the receptor displays regional variations in brain.
[H-3]CGP39653, [H-3Jdichlorokynurenic acid and [H-3]dizocilpine were
used to assay specific binding to NMDA and glycine recognition sites and
channel sites, respectively, in membranes from the orbital gyrus (OG) and
superior temporal gyrus of postmortem brain samples from normal control
subjects and patients with schizophrenia and bipolar disease.
The specific binding of [H-3]CGP39653 to OG membranes was higher in
samples from schizophrenic and bipolar patients (+66%) than that in
controls. The difference between the schizophrenic and control samples
was significant (p<0.05 by ANOVA and Scheffe's test). There were no
other statistically significant differences. Correlations between specific
binding, of any of the radioligands in either brain region and the intervals
between death time arid freezing time were not statistically significant.
These findings are consistent with frontal cortical glutamatergic
hypofunction and consequent up-reguiation of NMDA recognition srtes in
schizophrenia, but do not exclude the possibility that the effect seen is due
to neuroleptic treatment.

P.Mckenna” and PCRmtson" l)Dept. of Neurobiol., The Babraham Inst.,
Babraham, Cambridge CB2 4AT, UK . 2)Dept. of Psychiat. &Anat. t , Juntendo
Univ. Sch. of Med. Hongo, Tokyo 113, Japan
3)Dept. of Psychiat., Univ. of
Cambridge, Cambridge CB2 2QQ, UK
Cholecystokinin(CCK) mRNA is present in large amounts in the human cerebral
cortex. CCK-immunoreactivity and mRNA has also been detected in dopaminergic
neurons of the substantia nigra, pars compacta and the ventral tegmental area
suggesting a possible involvement of CCK in the pathology of schizophrenia In this
study we have used in situ hybridization technique with an antisense oligonucleotide
probe specific for CCK mRNA to detect sites of CCK mRNA in post-mortem human
prefrontal cortex (Brodmannareas 9, 10 and 11). The distribution and numbers of cells
expressing CCK mRNA have been determined using computer assisted image analysis
in brains from neurologically normal controls. CCK mRNA was expressed with
similar laminar pattern in all cases. On film autoradiography there was no significant
differencesin amounts of CCK mRNA between schizophrenics and controls, however
that of schizophrenics tended to be reduced than controls. On emulsion
autoradiography CCK mRNA was expressed in large amounts in populations of small
neurons in cortical layers I -VI, in addition a number of larger pyramidal cells in
layers 1 andV also contained CCK mRNA albeit at lower levels. As the results of
counting silver grains, schizophrenics were significant reduced in cellular levels of
CCK mRNA in layer V and VI in area 9, in layer B in area 10, and in layer H in
area 11. These results suggest that the ability of CCK biosynthesis in the region of
prefrontal cortex of schizophrenicsmay be downregulated.

835.3

835.4

WITHIN-SUBJECT CHANGES IN STRIATAL D2 RECEPTOR BINDING
POTENTIAL ARE RELATED TO CHANGES IN SCHIZOPHRENIC
SYMPTOMS. M. B. Knable*. R. Coppola, D.W. Jones. J. Gorev, K . S. Lee. D . R.
Weinberger. NIMH, IRP, CBDB, 2700 M. L. King Jr. Ave., S.E., Washington,
D . C., 20032
Ten schizophrenic patients underwent prolonged IBZM SPECT studies while
free from neuroleptic drugs (mean 150; range: 7- 730 days) and a measure
proportional to peak D2 receptor binding potential (BP) was determined as
previously described (Knable, et al., J. Nuc. Med., 1995). Sixteen healthy controls
were studied for comparison. For schizophrenic patients, the peak BP for the left
and right striata were 0.67+0.25 and 0.68 ±0.20 respectively, and for normal
controls these values were 0.73+0.21 and 0.71+0.21. Although peak BP tended to
be less in schizophrenics, this difference was not statistically significant. There
were no significant differences between the left and right striata for either group.
There were no significant correlations between peak BP and positive symptoms,
negative symptoms, movement disorder, age, or illness duration. Four of the
schizophrenic patients were able to complete two SPECT studies during the drug
free period. Percent change in peak BP was significantly correlated with change in
positive symptoms (rho=0.80) and change in negative symptoms (rho=1.0). This
association was not explained by persistent D2 receptor occupancy by neuroleptic
drugs during the first scan, since there was an inverse relationship between the
drug free period at the first scan and change in peak BP. These data suggest that
increased D2 receptor density is not present as a trait marker in schizophrenia, but
that D2 receptor number covaries with the severity of certain symptoms
characteristic of the illness.

PERINATAL IBOTENATE INJECTIONS PRODUCE ANATOMICAL AND
BEHAVIORAL CHANGES SIMILAR TO SCHIZOPHRENIA. R. A.
Devo*. I. L Gerson, K. L Marshall, and I. M. Hittner. Dept. of
Psychology, Winona State Univ., Winona, MN 55987.
The glutamate theory of schizophrenia proposes a
relationship between degeneration of glutamatergic neurons
and the behavioral deficits associated with schizophrenia.
This study evaluates the effects of perinatal lesions of
hippocampal glutamatergic neurons and subsequent changes
in learning and social behavior.
Twenty-two male Long-^ans hooded rats received bilateral
hippocampal injections of ibotenic acid (IBO) or PBS
(controls) on day five postpartum.
Social-Play Testing (Day 28). Rats were individually housed
for 72 hr prior to testing. IBO rats played significantly less
(made fewer pins) than controls F(l,19)= 4.70, p<.05.
Eight arm radial maze training (Day 70). Subjects were
placed in the hub and allowed to enter each arm for 10
sessions. Performance was significantly poorer in the IBO
group F(l,18) = 16.927, p<.001.
Extinction testing (Day 80). Rats were trained to barpress to
a criterion of 400 responses followed by 3 extinction sessions.
IBO treated rats demonstrated resistance to extinction.
Histology. Brains were fixed (10% formalin), sectioned (20
pm) and stained using cresyl violet. IBO decreased the size of
the dorsal hippocampus and enlarged the lateral ventricles.
These data suggest that hippocampal IBO injections produce
anatomical and behavioral deficits similar to schizophrenia.
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Ml, M2, M3 DISTRIBUTION IN THE THALAMUS OF POSTMORTEM
HUMAN BRAIN
J. H, Callicott. A.M. Murray, T.M. Hyde, e\.de]Bar^(3lomme M.M. Herman. R.C.
Saunders.* J.E. Kleinman
CBDB, NIMH Neuroscience Center al Sl. Elizabeths, NIH, Washington, D.C.,
20032
The thalamus is a crucial synaptic relay point for limbic system processing. In
particular, the anterior and medial thalamic nuclear groups are key intermediaries
in the connections between medial temporal and frontal cortical areas. As part of
an ongoing investigation of neurochemistiy of schizophrenia and suicide, we
studied the distribution of muscarinic receptor subtypes in the “limbic”
subdivisions of the thalamus ~ anterior and mediodorsal nuclear groups.
Using quantitative autoradiography, we labeled Ml (pHjpirenzepine), M2
(phT|NMS), and M3 ([3 H]NMS) receptors in human postmortem tissue for normal
controls, schizophrenics, suicides, and neuroleptic controls. Using one factor
ANOVA comparisons, M2 and M3 receptors were of equal abundance and both
greater than Ml in anterior and mediodorsal thalamic nuclei in the normal control
group. Similar patterns were observed in the schizophrenic and neuroleptic
control groups. The only significant finding was a marked elevation of Ml
receptors in both the anterior and mediodorsal thalamic nuclei of the suicide group

GABA-A RECEPTOR BINDING CHANGES IN SCHIZOPHRENIA:
DORSOLATERAL PREFRONTAL AND CINGULATE CORTICES A.M.
DgYSPey. AM. Murray, . T.M. Hvde*. M.M. Herman and J.E. Kleinman.
Clinical Brain Disorders Branch, IRP, NIMH, St. Elizabeths Hospital,
Washington, DC 20032.

when compared to the other groups. Ml receptor density in suicides was elevated
approximately 4-fold over controls. Urine toxicology screens for all of the suicides
were negative for tricyclics or neuroleptics, thus suggesting that this relative
upregulation of Ml receptors may be a reflection of underlying affective illness
rather than medication effect. These results conform to the pattern of Ml receptor

changes in suicide in human striatum previously reported by Murray et al.
(submitted).

835.7

835.8

CHOLINERGIC NEUROCHEMISTRY OF THE CEREBRAL
CORTEX IN SCHIZOPHRENIA.
S.M. Gabriel*. \A

Haroutunian, P. Powchik, M. Davidson, K. L. Davis. Departments of Psychiatry, Mount Sinai School of Medicine, New
York, NY 10029 and Bronx VA Hospital, Bronx, NY 10468.
A common symptom of chronically institutionalized elderly
schizophrenics is severe cognitive impairment. To determine
the neurochemical correlates of cognitive dysfunction in
elderly schizophrenics, neurochemical studies were
performed in 41 schizophrenic patients receiving extensive
cognitive and neuropsychiatric evaluations in life. Cases
were specifically selected to be free of neuropathologic
lesions and to vary extensively with respect to the cognitive
dementia rating (CDR) scale and to the positive and negative
syndrome scale (PANSS). Of the ten cerebral cortical regions
examined, we found that cognitive decline in elderly
schizophrenics was correlated with the activity of the
acetylcholine marker enzyme, choline acetyl transferase
(ChAT), in the parietal cortex only. Levels of ChAT in
schizophrenia were not comparable to the reduced levels
observed in Alzheimer’s disease. These data indicate that
diminished cholinergic activity may contribute to the severe
cognitive impairment associated with schizophrenia.

835.9
ANALYSIS

GENERATING MICE OVEREXPRESSING D4 DOPAMINE RECEPTOR AND
LACKING NMDA RECEPTOR NR2B SUBUNIT BY TRANSGENIC TECHNIQUE.
Toshikuni Sasaoka*. and Susumu Toneqawa. Center for Cancer Research,
MIT, Cambridge, MA 02139
According to a current dopamine hypothesis of schizophrenia the
hyperactivity in the mesolimbic dopamine system contributes to schizophrenic
symptoms. To study the involvement of hyperactivity in mesolimbic dopamine
system in schizophrenia we have used a transgenic mouse approach to
generate mice overexpressing the D4 dopamine receptor (DRD4). Growing
evidence suggests the contribution of an abnormal glutamate system to
schizophrenia.
Phencyclidine, which results in effects that resemble
schizophrenic symptoms, is a non-competitive antagonist of the NMDA
receptor. As the NMDA receptor subunit NR2B is expressed specifically in the
forebrain, disruption of the NR2B gene could ablate NMDA receptor function
selectively in the forebrain and thus affect glutamate-mediated synaptic
transmission in the region. We have used the gene targeting approach to
mutate the NR2B gene in mice.
We made the human DRD4 transgene construct containing 12.5 kb of 5'flanking region, 4 kb of the whole coding sequence and 1 kb of 3'-flanking
region. The transgene construct was introduced into (C57BL/6J x CBA/J) F2
eggs by microinjection. We generated 8 DRD4 transgenic lines. The
expression levels of the DRD4 transgene are being assessed.
D3 ES cells were transfected with the NR2B targeting construct in which the
coding sequences of transmembrane domain 4 were deleted by replacement
with a neomycin resistance gene. After selection in G418, one targeted clone
out of 192 G418-resistant clones was identified by Southern analysis. Chimeric
mice were generated with this ES clone, and bred to get e S cell derived

progeny. Preliminary data on the phenotype of the mutant mice will be
presented. (Supported by Stanley Foundation)
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Y_. f UJIWARA* _K.

YAMAGUCHI, K. KKSt^IHARA1, Y. SHIROJ , K. SATO2, S. .KURODA, Depts. ■ ;

Neuropsychiatry and ‘Neurology, Okayama Univ. Med. Sch.,
Instit., Natl. Sanatorium Minamiokayama Noy>., Okayama,

2Clin. Res
700, Japan

We report data from four studies on variants of the D2 receptor

gene (Ser311->Cys), Ball polymorphism in D3, 48-nudeotide repeal:

Pol^^rph-^^m in D4, and 40-ni^c^le(^ltide repeat polymorphism in the
dopamine transporter gene, in patients with schizophrenia (Sc) (n=69),
mood disorder (n=10), neurological disease (n=4C) and controls (n=29).

Each polymorphism was typed by amplification of genomic DNA by PCR and
agarose gel electrophoresis. Seven individuals were heterozygous for
Cys/Ser311 of D2 and two of them were Sc patients with a family
history of the iUn^ss. Two patients with Sc were homozygous for the

mutant form of D3 and showed a stuporous state at disease onset. We
detected four-fold and two-fold repeats in D4, and ten-fold, nine-fold

and seven-fold repeats in the dopamine transporter gene. There was no
evidence for association between each variant and reactivity to
pharmacotherapy for Sc.
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GABA neurons constitute the major subtype of inlranBrrtn in the human
cortex. Reports of GABA-A receptor abnormalities in schizophrenia have major
implications since GABA mtranBratns mediate 5HT input and glutamalBagic
output in the cortex, both of which are reportedly abnormal in schizophrenia.
Furthermore, there have been reports of abnormalities in cortical GdBd-d
receptors density in schizophrenia. Tissue mounted 14 pm thick sections from
DSMIII-R
diagnosed
schizophrenics
(n=8,
mean
age=59.25±5.3,
PMI=19.4±3.8), normals (n=9, mean age=54.8±5.2, PMI=2Y5±4.5), nonschizophrenic suicides (n=9 mean age=57.2±7.9, PMI=20+10), and neuroleptic
treated controls (n=7, mean age=5l.8±7.2, PMI=30.0±6.9), were used for
receptor autoradiography of dorsolateral prefrontal cortex and anterior cingulate
cortex. Binding was carried out according to the method of Benes et al., (1992)
with 5 nM |PH]muscimtl as the radioligand. Non-specific binding was
determined in the presence of 10 pM GABA or 100 pM (+)-bicuculline. For
purposes of anatomical analysis the pre-frontal cortex was divided into layers IIIII and IV-VI. The cingulate cortex was analyzed in three divisions (la^yt^i^rs l, U-IH
and IV-VI). There was no difference between schizophrenics and control groups
for GABA-A receptors in dorsolateral prefrontal or anterior cingulate cortex.
Scatchard analysis was carried out on a separate cohort of schizophrenics (n=l2,
mean age=54.5±4.6, PMI=17.4±8.0), and controls (n=9, mean age=47±4.4,
PMI=18±1.8), in anterior cingulate cortex. Homogenate binding was performed
using the rllracBnlrifugatitn method of Yang and Olsen, (1987). Again
p'5Haluscimtl (1.25-35nM) was used as the radioligand. Non-specific binding
was determined by 100 pM GABA. There was no difference in kD and Bmax
between controls and schizophrenics. Non-specific binding was considerably
higher when (+)-bicucullinB was utilized compared to GABA, using both
autoradiography and homogenate binding techniques. This data does not support
the notion that GABA-A receptor density is abnormal in dorsolateral prefrontal
or cingulate cortex in schizophrenia.
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SUBICULAR MAP-2 IMMUNOREACTIVITY IN SCHIZOPHRENIA.
G. Rosoklija. M A. Kaufman. D. Liu, A.P. Havs. N. Latov. C. Waniek. J .G. Keilp.
A. Wu. SA. Sadia. J. Gorman. I. Prohovnik. AJ. Dwork*. N.Y. State Psychiatric
Institute and Columbia University, New York, NY 10032
We studied MAP-2 immunoreactivity on paraffin sections of hippocampal
formation from autopsies of 15 unselected schizophrenics, mean age 73, 14
unselected psychiatric controls, mean age 78, and 6 non-psychiatric patients
without neuropathological abnormalities, mean age 51. Psychiatric diagnoses
were determined by standardized review of clinical records (Keilp et al., Schiz.
Res., in press). Complete neuropathologic examinations were performed and
included thioflavine S stain and immunohistochemistry with Alz 50 and an
antibody to paired helical filaments. Immunoperoxidase staining for MAP-2 was
performed on paraffin sections, and intensity was evaluated by densitometry.
Among the schizophrenics, immunoreactivity in subiculum was significantly lower
than in CA4 (p<.O5, 2-tailed paired t-test), while in each control group,
immunoreactivity was slightly more intense in subiculum than in CA4 (not
significant). The difference between immunoreacrivity in subiculum and
immunoreactivity in CA4 was affected by a diagnosis of schizophrenia but not by
age, neuropathologic diagnosis, post mortem interval, or senile plaque or
neurofibrillary tangle counts. Pronounced loss of subicular immunoreactivity was
present in 6 (40%) of the schizophrenics, 3 (21%) of the psychiatric controls, and
none of the non-psychiatric controls. Thus, in our hands, loss of subicular MAP-2
is strongly associated with schizophrenia but is not a specific or sensitive marker.
Our results extend the original observation of this association by Arnold et al.
(PNAS 88:10850, 1991). The association of schizophrenia with diminished
subicular MAP2 immunoreactivity is one of the few results in the post mortem
study of schizophrenia to be confirmed in independent laboratories studying
different samples of subjects.
Support: AG 10638 & The Stanley FouncOrtion.
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DETECTION OF SENILE DEGENERATION IN OLD BRAIN SPECIMENS
FROM A PSYCHIATRIC COLLECTION. AJ. Dwork. D. Liu*. MA. Kaufinan.
L Prohovnik. N.Y.S. Psych. Inst. & Columbia U, New York, NY 10032
Conflicting reports have been published regarding the prevalence of
neuropathologic changes of Alzheimer's disease (AD) in brains of older
individuals who suffered from schizophrenia. Large samples and valid histologic
techniques are needed to resolve this issue; for example, an observed AD rate of
5% among controls and 10% among schizophrenics would require over 200
subjects in each group to be statistically significant (X2 = 3.841, df =1, p < .05).
Psychiatric brain samples of this size can in general be obtained only from
collections of specimens accrued over many years. Since we are in the process of
studying AD in such a collection, we began by determining which staining

CHOLINERGIC PEDUNCULOPONTINE NEURONS IN SCHIZOPHRENIA; FAILURE TO FIND INCREASED CELL NUMBERS.
K.F. Manave , R. Zweig, D, Wu and D.C. German. Dept Psychiat, UT Southwestern Med Sch, Dallas, TX 75235-9070, Dept
Biochem, Univ Kentucky, Lexington, KY 40536, and Dept
Neurol, LSU Med Cntr, Shreveport, LA, 71130.
The number of cholinergic pedunculopontine (PPN) neurons
has been reported to be increased in the brains of schizophrenics, based upon examination of post-mortem brains with a stain
for NADPH-diaphorase (Karson et al., 1991). The present study
sought to examine PPN neurons using an antibody against

procedures could be applied to material that had been in formalin or paraffin for
many years. We found that: (1) Plaque and tangle counts from contemporary
thioflavine S staining on tissue that had been in formalin for 50 years or paraffin
for at least 31 years (the oldest samples examined) were entirely consistent with
those obtained from von Braunmuhl stains performed at the time of the original
neuropathologic examinations. (2) In the same specimens, senile degenerative
changes were easily recognized by immunohistochemistry with antibodies to
paired helical filaments, B-amyloid, or ubiquitin. (3) Compared to thioflavine S
staining, immunoreactivity with Alz 50 was well demonstrated after 9 years in
formalin, weaker after 20 years in formalin, and absent after 30 years in formalin.
Alz 50 immunoreactivity was well preserved in paraffin blocks 31 years old. (4)
In contrast to staining for senile degenerative changes, immunohistochemistry for
MAP2 and synaptophysin was significantly impaired after several years of storage
in formalin. We conclude that a variety of staining techniques for senile
degenerative changes can be applied reliably to archival material, but that each
method must be validated individually.
Supported by AG 10638.

choline acetyltransferase (ChAT), and computer imaging
procedures to map the cell locations. In 3 schizophrenic and 6
control cases, there were no differences in the total number of
ChAT-containing cells in the Ch5d, Ch5c or Ch6 regions; in
controls there were about 20,000 total cells, unilaterally. Also,
in 8 schizophrenic and 11 control cases, there was no difference in the number of Nissl-containing PPN cells through the
dense portion of the nucleus (Ch5c); in schizophrenic cases
there were 577 ± 97 (mean ± SEM) cells per section, and in
control cases there were 583 ± 70. In both control and schizophrenic cases, there were twice as many Nissl-stained cells as
ChAT-immunostained cells. These data do not support the
hypothesis that there are increased numbers of cholinergic

835.13

835.14

GABAa and
benzodiazepine
RECEPTOR BINDING IN THE HIPPOCAMPAL FORAMTION OF
SCHIZOPHRENICS. S.L. Vincent*. Y. Khan. R. Wickramasinghe. and F.M.
differential

regulation

of

Benes. Department of Psychiatry and Program in Neuroscience, Harvard
Medical School and Laboratory for Structural Neuroscience, McLean Hospital,
Belmont, MA 02178.
Recent postmortem studies have reported a marked upregulation of GABAa
receptor binding (RB) activity in the anterior cingulate and prefrontal cortices of
schizophrenic (SZ) subjects. Because the hippocampal formation has also
been implicated in the pathophysiology of SZ, the current study has examined
GABAa - and benzodiazepine- (BZ) RB in this region from control (N=15) and
SZ (N=8) subjects. Low-resolution analysis of GABAa -RB showed an increase
for SZs in the area dentata, CA4, CA3, CA2, subiculum, and presubiculum.
The magnitude of these differences ranged from 22% to 91 %, and was largest
for stratum oriens (91%) and stratum pyramidale (57%) of CA3, and lowest in all
layers of CA1 (22-36%). In contrast, BZ-RB showed more modest increases in
CA3 (stratum oriens, 32%), CA1 (stratum oriens, 13%), subiculum (25%), and
presubiculum (48%). High-resolution analysis of GABAa -RB 'for CA3 showed
no change on pyramidal cells (PNs), but a 170% increase on nonpyramidal
cells (NPNs), while for CA1 there was a 43% increase on PNs and no change
on NPNs. In contrast, a similar analysis of BZ-RB showed no change on either
PNs or NPNs of CA3. These differential changes of GABAa -RB by subregion
and cell type are consistent with a model in which there are discreet alterations
in disinhibitory GABAergic modulation in CA3 of SZs. Although GABAa and
BZ binding sites are believed to share the same macromolecular receptor
complex, the present finding of a disparity for RB-activity between these two
sites suggests they may be differentially regulated in SZ brain. Supported by
MH00423, MH42261, MH31154, and the Scottish Rite Foundation.

PPN neurons in schizophrenia.

Gene expression for NMDA receptor subunits in the prefrontail and
parieto-temporal cortex of schizophrenics and controls. E .G. Jones1
S.Akbarian1 p. Bradley’, D.Trinh1, S.G. Potkin2. W.E, Bunnev Jr2.
N.J.Sucher3. 'Dept. ofAnatomy and Neurobiology and 2Dept, of Psychiatry and Human

Behavior, Univ. of California, Irvine, CA 92717 and 'Dept. of Neurology, Children's
Hospital, Harvard Medical School, Boston MA 02115

NMDA receptor Channel blockers potentially induce a psychosis with
psychopathological symptomes that are frequently observed in patients with
schizophrenia, but evidence for a defect in NMDA receptor mediated signal
transmission in brains of schizophrenics has remained inconclusive. Using in
situ hybridization histochemistry and optical densitometry, the present study
analysed in 15 schizophrenics and 15 matched controls the genetic expression
pattern of all 5 NMDA receptor subunit genes (NRl, NR2A-D) in the prefrontal
cortex, a brain region thought to be primarily involved in the pathophysiology of
the disease. Comparative studies were conducted on the parieto-temporal cortex
of the same specimens. Both in schizophrenics and controls, levels of mRNA for
NRl, NR2A, NR2B and NR2D subunit polypeptides were overall 40% higher in
the prefrontal cortex, in comparison to the parieto-temporal cortex. The
prefrontal , but not the parieto-temporal cortex of schizophrenics showed a
signficant change in the stoichiometric composition of mRNAs for the NR2
subunit gene family, due to a selective increase in the proportion of NR2D
subunit mRNA (schizophrenics: 34.6 ± 4.0%, controls: 23.4 ± 2.5%, p = 0.031).
Given the fact that NR2D subunit appears to enhance the excitability of the
NMDA receptor (Monyer et al., 1994), the increased expression of the mRNA
for NR2D polypeptide in the prefrontal cortex of schizophrenics may be a
compensatory response to the functional hypoactivity and to the assumed deficits
in NMDA receptor mediated signal transmission. Supported by grant no. mh 44188
from te NIMH.

835.15

835.16

CHANGES IN GENE EXPRESSION IN RAT BRAIN AFTER CHRONICAL
NEUROLEPTIC TREATMENT. N. Dahmen. V. Fischer. M. Fickova. S. Reuss,
G.D. Bartoszvk* and C. Hiemke. Departments of Psychiatry and Anatomy,
University of Mainz, Germany and Department of CNS-Research*, E. Merck, D64271 Darmstadt, Germany
The administration of antipsychotic drugs lias been demonstrated in rat and
human, brain to alter the pattern of gene expression. Among the genes regulated are
those that encode for dopamine receptors, various neuropeptides and immediate
early genes. To test the hypothesis that further changes in neuronal gene expression
are involved in the longterm effects of chronically administered neuroleptic drugs,
rats were treated orally for 3 weeks with haloperidol, 2 mg/kg per day, and
clozapine, 100 mg/kg per day. After that time, animals were decapitated and
haloperidol and clozapine serum levels measured in truncal blood by radio receptor
assay and HPLC, respectively. Total RNA was extracted from whole brains and
subjected to RNA differential display. This method is a tool to identify and clone
differentially expressed ganes and involves the reverse transcription of mRNAs
with oligo-dT primers anchored to the beginning of the poly(A) tail, followed by
PCR reaction in the presence of a second lOmer arbitrary in sequence and analysis
of amplification products on a sequencing gel. Comparison of gel patterns derived
from treated and control animals resulted in reproducible differences in the three
groups. In particular, one transcript was observed that only appeared in samples
derived from control and haloperidol treated animals but not from clozapine treated
animals. Our results support the study hypothesis of a modulation of neuronal gene
expression by neuroleptic drugs and suggest that gene regulation is relevant to the
treatment and/or the pathophysiology of schizophrenia.

DEVELOPMENTAL EXPRESSION OF ALPHA-3 INTEGRIN, A
MOLECULE IMPLICATED IN SCHIZOPHRENIA.
Vicente A. Honer WG. Nobrega J». Kennedy JL, Clarke Institute of
Psychiatry, Toronto, Ontario M5T 1R8, Canada.
Accumulating structural and molecular evidence suggests that a
neurodevelopmental disturbance may be a cause of schizophrenia. In brains of
schizophrenics, several limbic structures show altered cell numbers and/or
disrupted cell orientation. Also, several neurodevelopmental molecules are
changed in these regions, such as NCAM, NMDA receptors, and synaptic
vesicle proteins. We have been investigating the role, in schizophrenia, of
molecules involved in brain development and in die synaptic plasticity events
that occur during brain maturation. Using an antibody that binds differentially
to schizophrenia versus control brain homogenates, a human cDNA clone,
WH4, was isolated and showed a 96% homology to the a, subunit of a^,
integrin. Integrins are cell membrane receptors that bind die extracellular
matrix, promoting communication between die intra and extracellular
environments, and are crucial for cell movement. We have found strong a,
subunit (WH4) expression in rat brain and have analysed its mRNA
distribution in die adult animal, and during postnatal development by in situ
hybridization. We have found a widespread distribution of the mRNA
throughout the adult brain, with higher levels in hippocampus, pyriform
cortex, amygdala, hypothalamus and cerebellum. Preliminary results indicate
higher levels of expression in 1 day old rat brains, which decrease to
adulthood levels after 7 days. This pattern of expression is consistent with a
role of the molecule in plasticity events during brain maturation and the
involvement of a, integrin in schizophrenia remains intriguing .

Society

for

Neuroscience , Volume 21,1995

2127

2128

MENTAL ILLNESS-SCHIZOPHRENIA III

THURSDAY AM

835.17

835.18

LOCALIZATION OF D4 DOPAMINE RECEPTORS IN RAT
BRAIN. A.M. Murray*. T.M. Hyde. B.K. Lipska. G.K. Wood. J.E.
Kleinman and P,R. Weinberger. Clinical Brain Disorders Branch,
IRP, NIMH. St. Elizabeths Hospital. Washington, DC 20032.

NEONATAL VENTRAL HIPPOCAMPAL DAMAGE CHANGES CORTICOSTERONE
AND CENTRAL DOPAMINERGIC RESPONSES TO ACUTE FOOTSHOCK. SJL

Studies in human brain have demonstrated a mismatch for mRNA
localization for D4 receptors. There is neglible D4 mRNA in the
striatum/nucleus accumbens but abundent D4 receptor binding. It
is possible that D4 receptors are not synthesized in the basal
ganglia, but rather have a presynaptic localization on afferent
terminals in the striatum. Prefrontal cortex contains the largest
amount of D4 mRNA in the human brain. If the receptors are located
on projection neurons to the striatum, a lesion of these neurons
should result in a decrease in D4 receptor number. Adult SpragueDawley rats recieyed infusions of ibotenic acid or vehicle into the
medial prefrontal cortex. This region projects to the nucleus
accumbens (core and shell). Rats were killed 6 weeks later. Brain
sections (20 pm) were preincubated and then incubated with 1 nM
pHJYM 09151-2. Adjacent sections were preincubated with 200 pM
Gpp(NH)p and incubated with 6 nM [-’HjRaclopride. (+)-Butaclomal
(10 pM) was used to determine non-specific binding in both assays.
Mean optical density in the dorsolateral (DLS), ventromedial
striatum (VMS), nucleus accumbens (NAC), NAC-core and NACshell were converted to fm/mg protein. Specific pHJraclopride
binding was subtracted from specific pH]YM 09151-2 binding to
estimate putative D4 receptor density. There was no effect of lesion
for either ligand or for the calculated D4 receptor density in any
region. These results suggest that D4 receptors are not located on
cortico-striatal neurons projecting from medial prefrontal cortex to
nucleus accumbens (core/shell). The limitations of using PH]YM
09151-2 minus pH]raclopride subtraction technique to measure D4
receptors will be discussed.

835.19

Chrapusta, B.K. Lipska. M.F. Egan, R.I. Wyatt*. G.K. Wood and D.R.
Weinberger. NIMH Neuroscience Center at St. Elizabeths, Washington, D.C. 20032.
Neonatal ibotenic acid ventral hippocampal (VH) damage enhances
behaviors linked to dopamine (DA) system(s) in Sprague-Dawley rats, e.g.
acute stress-induced locomotor activity, stereotypic and locomotor responses
to DA agonists, etc. The VH-lesioned rats demonstrate an enhanced
haloperidol challenge-induced DA release following chronic haloperidol
treatment. However, they respond to chronic saline injections with, a
reduction of DA release in brain regions implicated in stress. We used
continuous footshock (0.45 mA for 0,20, and 60 min) to study the effects of this
lesion on DA responses to acute stress in frontal cortex (FC), nucleus accumbens
(NA), and striatum (ST). As an index of DA release, regional 3methoxytyramine levels 10 min after pargyline hydrochloride injection (75
mg/kg, i.p.) were compared in microwave-fixed brains of the VH-lesioned
and sham rats. Serum corticosterone (COR'D was measured as a peripheral
index of stress. Basal DA release was attenuated in the NA but not in the FC
or ST in the VH-lesioned rats. Footshock increased ST and NA DA release in
the lesioned but not sham rats at both 20 and 60 min. In the FC, footshockinduced increases in DA release were found in both VH-lesioned and sham
rats. The FC DA release normalized towards the end of the footshock session
in the sham rats, but not in their VH-lesioned counterparts. Basal CORT
levels were similar in the VH-lesioned and sham rats. Footshock increased

CORT levels in both VH-lesioned and sham rats, but the patterns differed in
that there was no attenuation over time in the VH-lesioned rats. Our
observations indicate that the VH lesion interferes with the homeostatic
systems involved in stress management in the rat, and delays adaptation to
acute stress, which may potentiate detrimental effects of such event(s).

835.20

DOPAMINE RECEPTOR CHANGES IN RATS WITH NEONATAL
VENTRAL HIPPOCAMPAL LESION ARE ONLY OBSERVED AFTER
CHRONIC STRESS
G.K. Wood. B.K. Lipska, A.M. Murray. M.E. Knable. L.B. Bigelow*. D.R.
Weinberger. Clinical Brain Disorder Branch, IRP, NIMH, Neuroscience
Center at St. Elizabeths, Washington, DC 20032.
Neonatal exocitotoxic lesions of the rat ventral hippocampus
(VH) produce postpubertal emergence of motoric hyperactivity to
dopamine-related behavioral stressors. The accumulation of 3-

methoxytyramine was reduced in the nucleus accumbens (NAC), striatum
(STR) and medial prefrontal cortex (MPFC) in chronically stressed
lesioned but not sham-operated rats. We now determined if stress-induced
changes are associated with alterations of dopamine receptors in the
MPFC, NAC and STR. On postnatal day 7 (PD7), the VH was lesioned
with ibotenic acid. To test for age effects at baseline, rats were sacrificed
at PD35 or PD56. In another group rats were stressed (daily saline
injections for 3 weeks from PD35 to PD56) or untreated. Brain sections for
autoradiography were incubated with [3H] raclopride (6.OnM), [3H]YM09151-2 (YM, InM) or [3H]SCH-23390 (3nM). Raclopride and YM binding
in the STR and raclopride binding in the MPFC decreased with age in all
rats. At baseline, there was no difference between sham and lesioned rats
at any age. Stress significantly increased the binding of raclopride in
MPFC and YM in STR in lesioned but not in sham rats. Stressed lesioned
rats had higher MPFC SCH2339O binding than stressed sham rats. The
data suggest that previously reported behavioral hyperresponsiveness to
acute stress in neonatally VH lesioned rats is not produced by increased
Dl, D2/D3 receptor levels. However, chronic stress upregulates D1 and
D2/D3 levels in lesioned but not in control rats.

ALTERED INDUCTION PATTERNS OF c-FOS mRNA AFTER
CLOZAPINE AND HALOPERIDOL IN RATS WITH NEONATAL
HIPPOCAMPAL LESIONS. B. K. Lipska*. S. M. Lillrank, G. K. Wood. D.
R. Weinberger. Clinical Brain Disorders Branch, IRP, NIMH,
Neuroscience Center at St. Elizabeths, Washington, DC 20032.
Previous studies have indicated that neonatal (postnatal day 7)
ibotenic acid lesions of the ventral hippocampus in the rat can be useful in
modeling some aspects of schizophrenia. This developmental lesion results
in postpubertal emergence of multiple abnormalities suggesting altered
dopamine responsivity to environmental and pharmacological stimuli
that can be ameliorated with antipsychotic drugs, clozapine (CLOZ) and
haloperidol (HAL). In the present study we examined the effects of acute
(i.p.) and chronic (via osmotic minipumps, 28 d) treatment with vehicle,
CLOZ and HAL on c-fos expression in infralimbic region of medial
prefrontal cortex (IF), dorsolateral (DLS) and ventromedial (VMS)
striatum, and nucleus accumbens (NAC) in rats with neonatal
hippocampal lesions. The effects of acute injections were drug-, lesion- and
region-specific. In controls, acute HAL (0.2 mg/kg) increased c-fos mRNA
by 30% (IF), 118% (DLS), 71% (VMS), 39% (NAC), p<0.05 vs vehicle. The
response of lesioned rats to HAL was attenuated but significantly
increased over vehicle, except for IF. Lesioned HAL-treated rats had

significantly reduced c-fos mRNA in DLS, VMS and NAC, but not in IF, as
compared to HAL-treated controls. In contrast, acutely CLOZ-treated
lesioned rats showed reduced c-fos mRNA in IF and increased c-fos in VMS
and NAC as compared with CLOZ-treated controls. There were no
significant effects of chronic treatment on c-fos mRNA suggesting tolerance
to both drugs. These data indicate that this developmental lesion
differentially alters regionally-specific c-fos mRNA response to acutely
administered neuroleptics.

835.21

835.22

EXPRESSION OF LIMBIC SYSTEM-ASSOCIATED PROTEEN (LAMP) IN
RATS WITH NEONATAL EXITOTOXIC HIPPOCAMPAL LESIONS.

AMPA SPLICE VARIANT EXPRESSION IN MEDIAL TEMPORAL CORTEX IN
SCHIZOPHRENIA AND CONTROLS . J. T. Noga.* S. E. Bachus. T. M. Hvde. M .
M. Herman. D. R. Weinberger, J. E. Kleinman. NIMH, DIRP, Clinical Brain
Disorders Branch, NIMH Neuroscience Center at St. Elizabeth’s Hospital,
Washington, DC 20037

1)SM Lillrank*. PBK Lipska, 2)P Levitt. 2)AF Pimenti and DDR
Weinberger 1 Clinical Brain Disorders Branch, NIMH, Neuroscience
Center at St Elizabeths, Washington DC 20032. 2Dept. Neuroscience and
Cell Biology, UMDNJ, Robertwood Johnson Med School, Piscataway, NJ
08854
We have previously demonstrated that rats with neonatal (day 7 after
birth, PD7) ibotenic acid damage in the ventral hippocampus (VH)
express postpubertally (PD56) a variety of abnormal behaviors related to
mesolimbic and nigrostriatal dopaminergic and prefrontocortical
dysfunction. We have hypothetized that the behavioral abnormalities

elicited in this model might have resulted from an interaction of an early
VH lesion with subsequent developmental maturation and with the
development of anomalous limbic circuitry. LAMP is expressed
preferentially by neurons in limbic structures or in neurons that receive
direct projections from structures of the limbic system. It was shown
previously that there is a critical period for cortical neurons to express
LAMP. We studied the expression of the rat LAMP mRNA using in situ
hybridization technique in adult rats with neonatal VH lesions. LAMP
was expressed in all rats in the cingulate,- medial prefrontal and piriform
cortex, nucleus accumbens, medial and lateral septal nuclei and claustrum.
In adults there were no differences in LAMP expression between sham
operated and neonatally lesioned animals in terms of optical density
mesurements. These data support earlier studies indicating that the LAMP
mRNA is expressed predominantly in the limbic regions. It also shows
that the developmental VH lesion at PD7 does not permanently change
the expression of LAMP mRNA in adult rats. We are currently examining
LAMP mRNA expression in shorter time periods post lesion.
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The neurodevelopmental hypothesis of schizophrenia is supported by cortical
cytoarchitectural abnormalities and volume decreases (localized and global) in the
absence of gliosis. Receptor density and gene expression abnormalities in
glutamatergic (and other) neurotransmitter systems have also been reported. These
abnormalities have been concentrated primarily in prefrontal, medial temporal, and
striatal structures. In this study we tested neurodevelopmental aspects of receptor
gene expression in schizophrenia by examining the relative presence of
ontogenetically regulated flip and flop isoforms of AMPA receptor mRNA in medial
temporal structures of postmortem brains from adult schizophrenics (n=6, mean
age 56.8 ± 16.3 years), normal controls (n=6, mean age 50.8±12.2 ), and
medicated nonschizophrenic psychiatric controls (n=8, 46.8±16.7) using in situ
hybridization of pSj-labelled oligonucleotide mRNA probes with 20 pm thin frozen

sections. ANOVA results of densitometric analysis revealed a main effect of
isoform type consistent with previous literature reports, namely that the flip isoform
predominated in the regions measured (entorhinal cortex, deep intermediate/lateral
(p<.0002) and superficial intermediate/lateral (p<.O7), and deep (p<.0002) and
superficial (p<.OOO2) sulcal subregions; dentate gyrus (p<.0002); and subiculum
(p<OOO2)) in all diagnostic groups. The schizophrenia group did not differ from the
other 2 diagnostic groups in the density of flip or flop isoforms or in their ratio
(p>.2). We conclude that there is no apparent abnormality in the expression of
GluR3 flip or flop isoforms in this sample of schizophrenia v. control subjects.
These results do not support the presence of an aberration in GluR3 splice variant
ontogeny in schizophrenia. GluR1,2, and 4 isoforms are being studied as well in
this group of brains and will be reported.
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rCBF PATTERN DIFFERENCES BETWEENSCHIZOPHRENIC PATIENTS
WITH AND WITHOUT DEFICIT SYMPTOMS. W.T. Carpenter, Jr.*, A.C.
Lahti, H.H. Holcomb. P.J. Caudill, M. Zhao, D.R. Medoff. C.A. Tamminga.
MPRC, University of Maryland School of Medicine, P.O. Box 21247,

Baltimore, MD 21228
We previously reported that schizophrenic patients with deficit symptoms
(primary negative symptoms) were distinguished from non-deficit patients
and normals in a p Et /FDG study by reduced metabolism in thalamus and
in frontal and parietal cortex (Tamminga et al, 1992). We now report H2150
PET data on drug-free schizophrenic patients with (N=5) and without (N=5)
deficit symptoms and normals (N=12). Rest, sensory-motor control (SMC),
and tone discrimination task scans were obtained on each subject, four of
each. Task difficulty was manipulated to assure a comparable accuracy
of 80% in each subject group. Statistical Parametric Maps (SPM 94 MRC

Cyclotron Unit, Hammersmith Hospital) were created to contrast rCBF
activity patterns between groups. Preliminary analyses show that while
normal volunteers show physiologically appropriate patterns of activation,
deficit and nondeficit patients have different patterns from normals at rest
and during tasks. In normals, during the tone discrimination task, right
middle frontal and anterior cingulate cortices are activated. ■ In patients,
deficit patients have reduced parieto-occipital flow at rest and reduced
frontal cortex flow during the tone discrimination task, compared with
nondeficit schizophrenic patients.

NEUROTOXINS IV
836.1

836.2

HIGH GLUCOCORTICOID LEVELS DECREASE SOME
ANTIOXIDANT ENZYME ACTIVITIES IN THE ADULT RAT
BRAIN. L,J. McIntosh.* K.E. Hone and R.M, Sapolsky. Dept. of
Biological Sciences, Stanford Uniy., Stanford, CA 94305
Due to its high oxygen consumption, the brain may be particularly
vulnerable to oxidative damage and degeneration. Substances affecting neuronal
oxidative homeostasis would therefore be expected to alter the ability of the
brain to defend itself against oxidative damage. High levels of glucocorticoids
(GCs), the adrenal hormones secreted in response to stress, can change
metabolic capacity in various brain regions by decreasing energy uptake and
elevating intracellular calcium, thereby altering intracellular oxidative
homeostasis. We have recently shown that GCs enhance oxygen radicalassociated neurotoxicity in vitro, supporting previous in vivo studies
demonstrating that GCs potentiate neurodegeneration following oxidative
insults (e.g. stroke, hypoglycemia, seizure). To investigate whether GCs affect
the enzymatic component of intracellular oxidative defenses, we assayed Cu/Znand Mn-superoxide dismutase, catalase, and glutathione peroxidase in the livers
and several brain regions of rats which had been either adrenalectomized (ADX)
to remove circulating GCs, or supplemented with GCs to achieve high
physiological levels. GCs altered enzyme activity in a pattern unique for each
enzyme. For example, catalase activity in GC-treated rats was decreased 50%
in liver and 66% in cortex, and did not change significantly in hippocampus
and cerebellum as compared to ADX rats. Glutathione peroxidase activity
decreased 50% in hippocampi of high GC animals, but was essentially
unchanged in liver and cortex. Western blotting is being used to determine
whether changes in activity are a genetic or epigenetic effect. Our results
indicate that stress hormones may directly affect pathways involved in oxygen
radical toxicity in adult brain, and imply that the GC potentiation of damage
seen after oxidative insults is due in part to a decrease in the cellular enzymatic
antioxidant defenses.

KETAMINE INHIBITS GLUTAMATE INDUCED

NEURONAL DEATH.

l)Masanori YAMAUCHI,

pAkiyoshi

NAMIKI, 2)*Takahumi NINOMIYA i)Dept. of Anesthesiology,

Sapporo Medical University

2)Dept. of Anatomy Sect. I,

Sapporo Medical Universit

We studied the effect of ketamine, non-competitive NMDAreceptor antagonist, on glutamate-induced neuronal death in
cultured rat cortical neurons. After 7 days in culture, the neurons

were exposed to ImM of glutamate or both glutamate and 10l(XX)pM of ketamine. After 24-hr. exposure, they were stained

with a monoclonal anti-microtuble-associated protein 2 antibody.
The number of surviving cultured neurons was decreased by a

exposure of glutamate. Concomitant exposure of glutamate and

ketamine did not decrease the number of neurons in a
concentration-dependent manner. Ketamine likely protects the
glutamate-induced neuronal death.

836.3

836.4

TROLOX INHIBITS CELL DEATH FOLLOWING COMBINED
OXYGEN AND GLUCOSE DEPRIVATION IN MIXED
NEURONAL/GLIAL CORTICAL CULTURES. A.W. Probert*.
F.W. Marcoux and P.A. Boxer. Parke-Davis Pharmaceutical Res.,
Div. of Warner-Lambert Co., Ann Arbor, MI 48105.

CALB«NDIN-D28k IS PRESENT IN MIDBRAIN DOPAMINERGIC
NEURONS THAT ARE LESS VULNERABLE TO MPTP-INDUCED DEGENERATION. C.-L. Liang, C.M. Sinton . P.K.
Sonsalla, and D.C. German. Dept Psychiat, UT Southwestern
Med Cntr, Dallas, TX 75235-9070, and Dept Neurol, UMDNJ RW
Johnson Med Sch, Piscataway, NJ 08854.
The calcium-binding protein, calbindin-D28k (CALB), is in
nerve cells in midbrain regions where dopaminergic (DA)
neurons reside that are less vulnerable to degeneration in
Parkinson’s disease (PD), and in an animal model of PD (the
MPTP-treated mouse). In order to determine whether the
CALB-containing DA neurons are less vulnerable to degeneration in the MPTP-treated mouse, immunohistochemical staining
and computer mapping techniques were employed. Male
C57BL/6 mice were treated with saline or MPTP (4x20 mg/kg
on Day 1, and 3x20 mg/kg on Day 3) and sacrificed on Day 9.
Ten pm coronal sections were cut through the midbrain, and
sections were double immunostained for CALB and tyrosine
hydroxylase. The locations of all TH, and TH+CALB cells in a
midbrain region were mapped. • In animals treated with MPTP
(n=5), compared to controls (n=3), there was a 72% reduction
in TH-containing cells (p <0.001), but only a 30% reduction in
TH+CALB-containing cells (p <O.O2). These data support the
hypothesis that DA cells that contain CALB are less vulnerable
to MPTP-induced degeneration than DA cells lacking CALB.

Exposure of mixed neuronal/glial cortical cultures to increasing intervals of
combined oxygen [1%] and glucose [1 mM] deprivation (COGD) results in a
gradual nse in neuronal cell death measured 18-22 hours post COGD. Injuryonset (LDH release) first appears following 135 to 150 minutes of COGD,
climaxing after 240 to 255 minutes of deprivation. Treatment with the vitamin
E analog, Trolox, a free radical scavenger, increased the deprivation intervals
required to initiate COGD-induced neuronal death. This postponement of
injury-onset was concentration dependent, delaying the induction of cell death
by 30 to 60 minutes for Trolox concentrations of 10 gM to 1000 gM. Trolox
did not alter the deprivation interval required to achieve maximal injury. Cotreatment with Trolox (100 gM) and the NMDA competitive antagonist, CPP
(3(2-carboxypiperaziirne-4-yl)propyl-1-phosphonic acid, 100 gM), produced a
synergistic effect, prolonging deprivation intervals required to induce both
injwy-onset and maximal death. In both cases, deprivation intervals required
to override CPP's protection were increased by 30 to 45 minutes with Trolox
co-treatment. Results suggest free radical formation may contribute to the
early stages of neuronal injury initiated by oxygen and glucose deprivation.
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GM1 GANGLIOSIDE INFUSION PRODUCES INCREASED GFAP
IMMUNOREACTIVITY IN THE ABSENCE OF NEUROPATHOLOGY.
G. P. H. Ballough*-2, P. R. Patel2, J. P. Makowski2 M. A. O’Connor2, F. J.

CHRONIC Gmi GANGLIOSIDE ADMINISTRATION PROTECTS
AGAINST SOMAN-INDUCED SEIZURE-RELATED
BRAIN
DAMAGE.
M. G. Filbert, F. J. Cann, C. D. Smith, C. E. Kling, J. S.
Forster, J. S. Graham, B. E. Hackley* and G. P. H. Ballough*.
Neurotoxicology Branch, U.S. Army Medical Research Institute of
Chemical Defense, Edgewood Area - Aberdeen Proving Ground, MD
21010. '^Department of Biology, La Salle University, Philadelphia, PA,

Cann, C. D. Smith1 and M. G. Filbert1. 1 Neurotoxicology Branch, U .S. Army

Medical Research Institute of Chemical Defense, Edgewood Area - Aberdeen
Proving Ground, MD 21010-5425. dDeparmient of Biology, La Salle University,

Philadelphia, PA, 19141.

19141.

Glial fibrillary acidic protein (GFAP) immunodetection, as a marker of
reactive astrocytosis, has become a mainstay of modern neurotoxicology. It is
well established that increased GFAP immunostaining is a sensitive, early index
of neurotoxic insult. As part of an ongoing study to evaluate the effectiveness
ofGMl administration to ameliorate brain damage resulting from soman-induced
seizures, we observed an apparent induction of reactive astrocytosis in the
absence of neuropathology.
Male Sprague-Dawley rats received Gmi (5
mg/kg/day, for 5.0 ± 0.5 days) through a permanent cannula implanted
intracerebroventricularly (i.c.v.) and connected to an osmotic minipump.
Controls received saline infusions or were sham operated. Rats from each of
these groups received either soman (83 pg/kg, i.m.) or saline injections 4.0 ±
0.5 days following initiation of Gmi infusions. GFAP immunostained brain
sections were assessed both visually and using optical density image analysis.
These results demonstrate a significant and marked increase in GFAP
immunostaining in the Gmi infused non-soman group compared to the other
groups; this finding was not associated with neuropathology (determined on
H&E-stained serial sections). Elevations in GFAP were most pronounced in the
hippocampi of these non-seizing animals. This study provides new information
concerning GFAP as a marker for brain damage, and indicates the possibility that
astrocytic reactions may be uncoupled from neuropathology.

Soman (einakolylmethylphosehonoflouridate) is an irreversible
acetylcholinesterase (AChE) inhibitor which produces seizure-related
brain damage in mammals. In the present study, we examined possible
ameliorative effects of chronic Gmi administration on brain damage
resulting from soman adminisfration. Male Sprague-Dawley rats received
Gmi (5 mg/kg/day, for 5.0 ± 0.5 days) through a permanent cannula
implanted intrakDrDbrovenrricularly (i.c.v.) and connected to an osmotic
minipump. Controls received saline infusions or were sham operated.
Rats from each of these groups received Dither soman (83 pgAg, i.m.) or
saline injections 4.0 ± 0.5 days following initiation of Gmi infusions.
Damage was assessed using H&E and cresyl violet (CV) histochemistry
as well as glial fibrillary acidic protein (GFAP) and microtubule associated
protein-2 (MAP2) immunohistochemistry. These results show that two
mechanisms of nDuroprotection were produced by chronic GM-j infusion:
First, GM-| administration interfered with the development of seizures and
status epileptics; in these situations, no brain damage was observed.
Secondly, brain damage resulting from sustained seizures was
significantly attenuated in GMi treated rats.

836.7

836.8

INHIBITION OF BRAIN NITRIC OXIDE SYNTHASE BY S-METHYLISOTHIOUREA X. Xu*. F. Zhang and C. ladecola. Lab. of Cerebrovascular

NERVOUS SYSTEM. T. Salonen, A. Haapalinna #, E. Heinonen #, J. Suhonen + and A.

Biology and Stroke, University of Minnesota, Minneapolis, MN 55455.
S-methyl-isothiourea (SMT) is a relatively selective inhibitor of inducible
nitric oxide (NO) synthase (iNOS) that improves survival in a rodent model of
septic shock (PNAS, 91, 12472, 1994). Because, iNOS induction may
contribute to some forms of brain injury, including ischemic damage (ladecola
et al., this meeting), it would be important to determine whether SMT could be
used as a selective iNOS inhibitor in brain. Calcium-dependent (cNOS) and
independent (iNOS) NOS activities were measured in brain homogenates
using the citrulline assay. iNOS was induced in the rat cerebral cortex by
thermal lesions and in systemic organs by i.p. administration of
^polysaccharide antigen (LPS). SMT (0.01-1000pM) attenuated cNOS
activity of brain homogenates in a dose-dependent manner (EC5O=O.9pM).
SMT was nearly as potent as nitro-L-arginine (L-NA; EC50=0.7) and was,

respectively, 11 and 814 times more potent than monomethyl-L-arginine (LNMMA) and aminoguanidine (AG). SMT attenuated iNOS activity in lung
homogenates of LPS-treated rats (EC50=0.09) and was 12, 115, and 1152
times more potent than L-NMMA, L-NA and AG, respectively. Wd then
evaluated the ability of SMT to inhibit cNOS and iNOS in brain in vivo. SMT (1100 mg/kg; i.p.; n=4 per dose) inhibited brain cNOS dose-dependently and

up to 34±4% (100 mg/kg). • Higher SMT doses (500, 1000mg/kg) produced
seizures and death. In contrast, L-NA (40 mg/kg; i.p.) inhibited cNOS by

75±2% (n=4). SMT (100 mg/kg) failed to attenuate iNOS activity in
homogenates of thermal brain lesions (p>0.05 from vehicle). Thus, the in vitro
data suggest that SMT is a more potent inhibitor of iNOS than L-NA, L-NMMA

or AG. However, in vivo, SMT inhibits only brain cNOS and less effectively
than L-NA. We conclude that SMT is a potent iNOS inhibitor in vitro. However,
its lack of effectiveness in vivo limits its usefulness in models of iNOSdependent brain injury. (Supported by AHA and NIH)

LOW DOSE SELEGILINE TREATMENT MEDIATES NEURONAL RESCUE IN RAT PERIPHERAL SYMPATHETIC
Hervonen *, Univ. c£ Tampere, School of Public Health, Dept, of Gerontology, FIN33101 Tampere, FINLAND;

I ORION Corp.,

FARMOS Research,

Dept. of Neurological

Products, FIN-20101 Turku, FINLAND; + The Salk Institute, La Jolla, CA 92093, USA

Selegiline (SEL) is a selective and irreversible monoamine oxidase type B (MAO-B)

inhibitor.

It

has been shown to protect

against toxic effects

of aminergic

neurotoxins. Recent animal studies have suggested that low doses of SEL has also
neuronal rescue and antiapoptotic effects after neuronal damage or withdrawal of

trophic factors, respectively. The purpose of this study was to determine the effect
of SEL on the recovery of adrenergic nerve fibres after 6-OHDA-induced degeneration.
The animals were treated with 6-OHDA (50 mg/kg i.p.) and 24 hours after that the

treatments with SEL (0.03, 0.1 and 1 mg/kg s.c.) or distilled water were started and

then continued daily. The animals were killed one or two weeks after the 6-0HDA

administration and the SCG's and SMG’s were dissected. The treatment with 6-OHDA had
significantly decreased the number and length of the nerve fibres in the SMG.
Subchronic SEL treatment had enhanced recovery rate and there was a statistically
significant difference between SEL 0.1 mg/kg group and 6-OHDA treated control group

in SMG innervation at two week time point. The degenerative effect of 6-OHDA on the
ganglion cell somata was detected in this experiment similar to the previous

experiments. The somata of the cells seemed to prefer the highest dose of SEL for

the fastest recovery.
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THE NEUROTOXIN MPTP INCREASES CALBINDIN-DMK LEVELS IN
MOUSE MIDBRAIN DOPAMINERGIC NEURONS. 'MayC. Ng. 'Anthony M.

K252A, K252B AND STAUROSPORINE INCREASE
HIPPOCAMPAL NEURON SURVIVAL AND IMPROVE
WATER MAZE PERFORMANCE AFTER KAINATE
LESION. V. L. Smith-Swintosky**-. P. Kraemer2. N. McCaitsSL.
R. Brown2. A. Maki2.and M. P. MattsonX *Dept. of Anatomy and

Lin Liang. §Samuel G. Speciale and §Dwight C. German*. 'Department of Biomedical
Sciences, Baylor College of Dentistry - Dallas, TX 75266-0677; 'Department of
Neurology, UMDNJ Robert Wood Johnson School of Medicine - Piscataway, NJ
08854; ^Department of Psychiatry, University of Texas Southwestern Medical

Center-Dallas, TX 75235.
The calcium-binding protein calbindin-D28C (CALB) has been localized in high
concentration in several neuronal populations within the CNS and is believed to act as
an intracellular calcium (Ca2+) buffer. There has been much interest and speculation
concerning its potential neuroprotective function. However, there is little direct
evidence linking CALB content of individual neurons to Ca2+ buffering ability,
resistance to Ca2+-mediated excitotoxicity, or vulnerability to Ca^-mediated
degeneration. It is necessary to demonstrate these relationships on a cellular level so
that more definitive conclusions can be made. We have utilized immunocytochemical
and Western blot techniques to determine whether cellular CALB content is altered in
the nucleus A10 dopaminergic region of the midbrain following administration of the
neurotoxin 1-methy 1-4-phenyl-1,2,3,6-teirahydr-opyridnre (MITT). Cur ctate
demonstrate a significant increase in the CALB content of nucleus AlO neurons (up to
227 ± 23% above control) 3 and 6 hours after MPTP treatment. CALB elevation
demonstrated both time and dosage dependency as 6 hour groups exhibited larger
increases than 3 hour groups, and a 6Ong/kg dosage induced a larger increase than a
2Omg/kg dosage. The time course of CALB elevation is consistent with upregulation
of gene transcription. These data support the hypotheses that MPTP is neurotoxic by
causing increases in intracellular Ca2+ and that increased CALB in midbrain
dopaminergic neurons is a protective response to elevated intracellular free Ca2+.
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Neurobiology and Sanders-Brown Research Center on Aging, ^e^ft. of
Psychology, University of Kentucky, Lexington, Kentucky, 40536-0230.
Staurosporine, K252a and K252b are low molecular weight alkaloids which act as
protein kinase inhibitors that antagonize the effects of neurotrophic factors at high
concentrations (pM); but have neuroprotective activities at low concentrations (fmnM). We found that systemic administration of K252a, K252b or staurosporine
(lpg/kg) significantly protected rat hippocampal neurons against both unilateral and
bilateral hippocampal kainic acid (KA) lesions. Twenty-four hr pretreatment with
K252b or staurosporine significantly protected CA3 neurons against unilateral KA
lesion (p<0.05). Chronic administration of these agents for 2 mos further increased
CA3 neuron survival after KA lesion by 1220% and 720%, respectively. Seven
day pretreatment with either K252a, K252b, or staurosporine led to a significant
increase in CA1, CA3 and hilar neuron survival after bilateral KA lesion (p<0.05).
Moreover, these compounds improved either learning or performance on the Morris
water maze. In addition, we found with western blots that 24 hr treatment with
K252b or staurosporine led to a distinct change in excitatory amino acid receptor
levels in vitro and in vivo, such that the NMDA receptor subunit NR1 was
decreased and the AMPA receptor subunit GluRl was increased. The ability of
these lipophilic alkaloids to be given systemically and have a central neuroprotective effect against excitotoxic/metabolic insults may have profound
implications for treatment of several neurodegenerative disorders.

THURSDAY AM

NEUROTOXINS IY

836.11

836.12

VITRO
STUDIES
ON
ANTIOXIDANT
PROPERTIES
OF
METALLOTHIONEIN AND ITS POSSIBLE ROLE IN NEUROPROTECTION.
S. HUSSAIN*, W. SLIKKER Jr. AND S.F. ALI. Neurocherni«try
Laboratory, Division of Neurotoxicology, National Center
for Toxicological Research/FDA, Jefferson, AR 72079
Metallothionein (MT) is a low molecular weight (6-7 kd)
metal binding protein found in biological systems. Its role
as an antioxidant is still unclear. The present study was
designed to examine the in vitro antioxidant properties of
commercially available MT and to compare with MT isolated
from mouse brain. Different concentrations of MT I and II
have been used to determine their capacity to scavenge 0^~
generated from the xanthine/xanthine oxidase (X/XO) system
that is based on the i aaaaaaassnhibition of nitrite
formation. Other -SH containing molecules e.g. cysteine and
GSH, were also used to assess superoxide scavenging
properties and to compare with MT. In addition, we have also
isolated MT-like protein from mouse brain that inhibits
nitrite formation. The results show the concentration
dependent 0^' scavenging properties of MT and MT II has a
three- fold higher capacity than MT I. The order of
superoxide scavenging properties was found as follows: MTII>
CYS> GSH> MTI. A 'positive control experiment was run with
pure SOD that is known to scavenge 02-" to confirm the X/XO
system. The reduction of -SH groups could be due to their
oxidation by O^"* The -SH groups of brain protein fraction
were detected qualitatively by dot blotting using a DIG
protein kit from Boehringer. Results from this experiment
show that a substantial number of -SH groups may be involved
in scavenging O2’“. In conclusion, the present study suggests
that MTs and MT-like proteins isolated from mouse brain
scavenge the superoxide radical in vitro. Further, in vivo
experiments are in progress to substantiate the antioxidant
properties of metallothioneins.

IN

PROTECTIVE EFFECTS ON NEURONAL CELLS BY ANTI OX I DATIVE
AGENTS OF MICROBIAL ORIGIN. J.-S. Kim. K. Shm-va*. Y. Havakawa and H.
Solo. Insiiiute of Molecular and Cellular Biorcisncsr, The University of Tokyo, Bunkyoku. Tokyo 1 13,Japan
A number of neuronal disorders such as brain ircfsmic injury, Alrfsimsr'r disease and
aimoirophic lateral sclsrosis (ALS) have proven to be caused by oxygen free radicals. In
the course of our screening for antioxidant microbial substances to prevent or ameliorate
these diseases using an in vitro glutamate-toxicity model, we isolated several potent
microbial metabolites (Shin-ya ct al.. Tetrahedron Lett. 34: 4943-4944 (1993)). Here,
we report the effects of those compounds on neuronal survival.
Cultured rat hippocampal neurons maintained in serum free media were exposed to Lgluiamate and other glutamate receptor agonists with or without antioxidants of
microbial origin. Some of those antioxidants effsclivsly prevented neuronal cell death
by lowering levels of iilracellular oxygen radicals with concentrations around 20-200
nM. whereas vitamin E showed little s ITsc I with concentration 50 mM. These
compounds also protected primaiy hippocampal neurons and PC12 cells from apoptosis
induced by trophic factor deprivation. Since antioxidants were reported to protect against
amvloid (5 toxicity (Bchl et al.. Cell, 77, <317-827 (1994)), we also assessed the activities
of those compounds against AP toxicity in primary hippocampal neurons and AP
induced-decrease' of MTT reduction in PC12 cells. NADPH oxidase inhibitors like
dlplienylenc lodonium were not s ITsci Ivs : only vitamin E type amioxidams protected
against AP toxicity in our system. Taken together, these findings confirmed the importance of oxygen radicals in neuronal cell death and the usefulness of antioxidant
application to neuronal cell survival.
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PROTECTION OF NEURONAL VIABILITY AND INHIBITION OF
LIPID HYDROPEROXIDE FORMATION BY TIRILAZAD MESYLATE.
H.M. Scherch*. J.R. Zhang. P.K. Andrus. B.S. Lutzke. P.F.
VonVoigtlander, and E. D. Hall. CNS Diseases Research, The Upjohn Co.,
Kalamazoo, MI 49001.
The 21-aminosteroid, tirilazad mesylate (U-74006F), has demonstrated
neuroprotection in a variety of CNS injury models, most likely, through
inhibition of lipid peroxidation. In the present study, the compound has
been shown to improve neuronal viability in an in vitro model of ironinduced lipid peroxidation. Utilizing HPLC-chemiluminescent technology,
a correlation has been established between U-74006F protection of neuronal
viability and a decrease in lipid hydroperoxide (LOOH) formation.
Exposure of murine spinal cord neuronal cultures to 30 pM ferrous
ammonium sulfate (FAS) for 20 minutes resulted in an increase in
phosphatidylcholine, phosphatidylethanolamine, and free fatty acid LOOH
formation. LOOH levels increased 6, 50 and 28 fold, respectively. Prior
to iron insult, cell cultures were treated for 60 minutes with U-74006F in
half-log concentrations ranging from 0.3 to 30 pM. LOOH levels were
reduced significantly in a concentration dependent manner. A 30 pM
concentration of U-74006F essentially decreased LOOH levels to control
levels and maintained cellular viability near 100%. Correlation between
cell death and LOOH formation provides further confirmation of the
mechanism of action of U-74006F.

DIFFERENTIAL EXPRESSION OF CALMODULIN AND CALMODULINBINDING PROTEINS AFTER KAINIC ACID ADMINISTRATION TO THE
MOUSE. C.Sol&, M. Vendrell*, J.M, Tusell1 and J. Serratosa. Dept.
Pharmacol, and Toxicol, and Dept. Neurochem? CID-CSIC. Barcelona. Spain.

836.15

An increase in intracellular calcium has been repeatedly involved in the
development of neuronal damage. Calmodulin (CaM), a major calcium binding
protein in mammalian brain, is expressed by three different genes (CaM I,
CaM II and CaM III) that encode an identical protein. Nevertheless, little is
known about the regulation of these genes or about their role in calcium
mediated neuronal damage. In turn, CaM mediates its action through its union
to different CaM-binding proteins (CaMBP) and among them the calcium-CaM
dependent protein kinase II (CaMKII) and the phosphatase calcineurin are
highly enriched in the brain.
We studied the expression of the three CaM genes and the two CaMBP
above mentioned in the mouse brain after intraperitoneal administration of
kainic acid (KA) by means of in situ hybridization histochemistry, in several
brain regions and at different times of the administration (5 h, 24 h, 2 d and
4 d). The role of CaM and CaMBP following this neurotoxic insult has not
been characterized until now.
In general, our results show that KA treatment induced a transient increase
in CaM I mRNA hybridization signal in mouse brain 5 h after KA. On the
contrary, KA treatment produced a decrease in CaM II mRNA hybridization
signal 24 h following the administration in most brain regions considered,
while CaM III mRNA signal was mostly unaffected. In addition, a decrease in
CaMKII mRNA hybridization signal was observed in regions of cerebral cortex
and hippocampus, effect already observed at 5 h of KA and still present in
some regions 4 d after. Mainly, these results suggest a differential response
of CaM genes to neurotoxic insult.

836.16

EFFECTS OF GLUTAMATE-INTOXICATION ON VOLTAGE- AND
TRANSMITTER-GATED ION CURRENTS IN CULTURED CORTICAL
NEURONS:COMPARISON WITH DIZOCILPINE-TREATED CULTURES
T. Weiser. A. Rohlfsf. R> Neteei-#. M. Wieierich*, #BattelIe Geneva, Switzerland;
Boehringer Ingelheim, Germany
Voltage- and transmitter-induced currents were investigated in cultured cortical
neurons of fetal rats after an exposure to glutamate (10 and 100 pM for 20 h) using
die whole-cell configuration of the patch-clamp technique. Voltage-gated currents
were induced by voltage steps from -60 to +30 mV; transmitter-gated currents were
induced by pulse applications of glutamate (500 pM), NMDA (100 pM), AMPA (50
pM), kainate (1 mM) or GABA (10 pM). The results were compared to those of
cultures co-exposed to glutamate and dizocilpme (1 pM).
Exposure to glutamate (100 pM) destroyed 69±4% of the neurons. Surviving cells
showed the following changes: The capacity of the cell membrane as a parameter for
cell size was reduced. The sodium peak current was reduced from a mean of -3095
pA to -380 pA; the potassium steady state current decreased from a mean of 1857 pA
to 614 pA. The relative GABA-induced current was reduced from 25 pA/pF to 9.7

pA/pF. All these effects were significant (p<0.05).
Tfsrs changes induced by glutamate exposure were abolished by co-incubation
with the NMDA-antagonist dizocilpine (lpM).
The currents induced by pulse applications of glutamate, NMDA, AMPA and
kainate were not significantly different between glutamate-intoxicated and control
cells.
These results demonstrate that glutamate intoxication selectively influences certain
functional parameters of cultured neurons, and that these changes can be
counteracted by the application of a non-competitive NMDA-amagonist.

This work was supported by the BMFT (0319520A)
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KAINATE AND AMPA RECEPTORS AND DOPAMINE RELEASE IN
EXPERIMENTAL HEPATIC ENCEPHALOPATHY.
S.S. Oja*,H.D. Borkowska, J. Albrechtand P. Sanuosaari. TampereBrain
Research Center, Tampere University Medical School, Tampeue, Finland, and
Medical Research Centre, Polish Academy of Sciences, Warsaw, Poland.
Salient features of hepatic encephalopathy (HE) include extrapyramidal
symptoms, such as rigidity and tremor. Our working hypothesis was that
these symptoms may be associated with an impaired glutamatergic regulation
of dopamine release in the striatum. We thus investigated how the functions
of kainate and 2-amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA)
receptors and the release of dopamine are altered in the frontal cerebral
cortex and striatum in experimental HE induced in male Wistar rats with
repeated intraperitoneal injections (300 mg/kg) of a hepatotoxin
thioacetamide. In HE, the bindings of both AMPA and kainate to synaptic
membranes were increased in the frontal cerebral cortex. The release of
dopamine evoked by kainate was correspondingly enhanced. In the striatum
the binding of kainate was reduced and the kainate-evoked release of
dopamine depressed in HE. Of the binding parameters, K. was generally
affected less than Om„, e.g., Om„ for AMPA increased twofold in the frontal
cerebral cortex and Op „ for kainate decreased to the same degree in the
striatum, whereas no significant changes were discernible in Kd . The
mechanism of dopamine release was not itself compromised in HE, as
indicated by persisting potassium stimulation of the release in both brain
regions studied. The present results demonstrate that the glutamatergic
regulation of brain dopaminergic systems is indeed impaired in HE and the
neurological symptoms are thus likely to stem from this defect
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EFFECT OF NITRIC OXIDE ON STP IN CA1 AND CA3 AREA OF RAT
SLICES CHRONICAL EXPOSURE TO LEAD.

HIPPOCAMPAL

Y.Z.XU*> Y.ffU, W.F. TO, A.L.KE, D.Y RUAN
DEPT.OF BIOLOGY UNIV. OF
SCIENCE AND TECHNOLOGY OF CHINA*HEFEI*ANHUI 230026 , P.R.CHINA.
Neonatal Wistar rats were exposed to lead from parturition to
weaning via the milk of dams drinking 0.2% lead acetate solution.
Previous studies in our lab had shown that lead-exposed rats led to a
significant reduction on STP in CA1 area and a significant increase
on STP in CA3 area ( Neursoi.Abst. 685.18, 1983). IN this study we
tested the effect of the MO-enerating compound Sodium Nitroprusside
(SNP) on STP by recording field excitatory postsynaptic potentials
(EPS’s) extrace 1 lulariy in hippocampal slices from control and leadexposed rats. By bath application of ImM SNP, STP in CA1 area of
control rats were significantly increased in mggitude from 187±39%
(n=8) to 270±101% (n=8, p<0.05) and that in lead-exposed rats were
significantly increased from 129±14% (n=8) to 297±1CM% (n=8,
p<0.01). Wiie in CA3 area of oontrol rats, by bath appl ication 1 mM
SNP, the magntude of STP were significantly increased from 119±18%
(n=8) to 148±27% (n=8»p(0.05) and that in lead- exposed rats were
not significant ly increased from 197±35% (n=8) to 201±79% (n=8).
Ths data suggest that NO miy be a messenger mhleoule both in CA1
and CA3 area. There are effect of lead on the retrograde messenger
system in postsynaptic neurons in CA1 area and on the inhibitory
interneHiron in CA3 area. Supported by NNSFC (DYR).

VERSUS IN VITRO EXPRESSION OF RAT INDUCIBLE
NITRIC OXIDE SYNTHASE BY ACTIVATED MICROGLIA AND
REACTIVE ASTROCYTES. C.G. Pilapil*. C.E. Nolan. M.A. Collins. R.

IN VIVO

Tracev. and R.B. Nelson. Dept, of Neuroscience, Pfizer Central Res., Groton, CT.
The two endogenous CNS inflammatory response cells are microglia and reactive
astrocytes. Both of these inflammatory response cells from rat can be stimulated in
vitro with non-specific pro-inflammatory factors (opsonized zymosan or lipopolysaccharide) to release micromolar quantities of nitric oxide (NO), synthesized by an
inducible nitric oxide synthase (iNOS). We have also determined in co-culture
bioassays that microglia and astrocytes stimulated with pro-inflammatory factors kill
adjacent hippocampal neurons, an effect completely abrogated by NOS inhibitors.
Little is known about the in vivo regulation of iNOS expression in microglia or
astrocytes. To begin characterizing the circumstances under which iNOS is expressed
in rat brain, we induced unilateral glial reactivity in area CA3 of the rat hippocampal
formation via kainic acid administration in the lateral ventricle. We found that by 2
days post-lesion, iNOS immunoreactivity (based on 2 different iNOS-speeific antibodies) appeared in cells around the lesion site having reactive astrocyte morphology.
Cells of the same size, location, and morphology stained immuno-positive for the
astrocyte marker GFAP, and for NADPH-diaphorase activity (a non-specific NOS
marker). Cresyl violet staining verified the near-complete destruction of area CA3
pyramidal cells on the injected side. The staining intensity of all 3 of the above
markers was increased by 5 days post-lesion and later timepoints are being examined.
In animals receiving only vehicle injection, the same 3 markers appeared by 2 days in
cells of reactive astrocyte morphology along the cannula tract. Staining of OX-42, a
marker for activated microglia, also greatly increased as a result of the kainate lesion,
but only a few of the iNOS-positive cells had a morphology or size consistent with
OX-42 staining. These results indicate that: 1) both astrocytes and microglia from
rat can express iNOS in vitro\ 2) differential iNOS expression by these cells can
occur in vivo; and 3) rat brain injury induces predominantly astrocytic iNOS
expression.
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FREE RADICAL AND NON FREE RADICAL MEDIATED ALTERATIONS IN
Ca2+ FLUX IN PC-12 CELLS. J.G.Strain. N.D.Jimenez. G.Cao» and J.A.Joseph.
USDA-Human Nutrition Research Center on Aging at Tufts University, Boston, MA

INDUCTION OF CELLULAR STRESS BY INHIBITION OF SUPEROXIDE
DISMUTASE OR HEAT SHOCK ALTER UBIQUITIN CONJUGATION IN
PC 12 CELLS. S.J.Flann. P.W.Beeslev* and C.C. Rider. School of Biological
Sciences, Royal Holloway, University of London, Egham Hill, Egham, Surrey
TW2O OEX, U.K.
Ubiquitin is a low molecular weight polypeptide which is commonly found
conjugated to a wide range of target proteins via the e-amino group of lysine. A
major role of this conjugation is to target proteins for rapid degradation, although
ubiquitination has other functions, as yet not clearly defined. Ubiquitin is a heat
shock protein and its mRNA levels are elevated by a number of stress conditions.
We have, therefore, studied the effect of cellular stress induced by inhibition of
superoxide dismutase (SOD) or heat shock, on ubiquitin conjugates in
differentiated PC12 cells. Elevated free radical levels were induced by inclusion

02111.

Previous research has suggested that the initial effects of cellular free radical
neurotoxic insult involve large increases in intracellular Ca2*. However, the exact
role of oxidative stress on the various parameters involved in these increases has not
been specified, especially in the case of low, non lethal concentrations of H^.
Present experiments were carried out to examine these parameters in PC-12 cells
exposed to 300 uM H202 for 30 minutes in growth medium alone or containing
either nifidipine (L-type Ca2* antag.), conotoxin (N-type antag.), trolox (Vitamin E
analog), or «-tert-butyl-a-phenylnitrone (nitrone trapping agent, PBN). Fluorescent
imaging was used to visualize intracellular Ca** changes in individual Fura Il-loaded
cells. Baseline (pre-30 mM KC1) Caw levels were significantly increased by H2O2
treatment (200%), while the rise in free intracellular Ca~ following KC1 stimulation
was decreased (50%) and the cell's ability to clear the excess Ca++ (i.e., Ca2+recovery
time, Ca2*RT) following depolarization was signifcantly increased. Nifidipine,
conotoxin, trolox and PBN prevented the initial increase in Ca**, and with the
exception of conotoxin, antagonized the H202-induced decreases in Ca** flux
following KC1 stimulation. Interestingly, not only were none of these agents
effective in protecting against H202-induced decreases in the cell's ability to clear
excess Ca** following depolarization, all of these agents except PBN increased
Ca2*RT without H202 and in fact, acted synergistically with H202 on this parameter.

of the SOD inhibitor diethyldithiocarbamic acid (DDTC) in the culture medium,
at concentrations varying from 10'3 to 10'5 M. Ubiquitin conjugates were detected
by immunodevelopment of Western blots using an anti-ubiquitin monoclonal
antibody. Within 1 h the level of high molecular weight conjugates (Mr>6O kD)
is elevated at all inhibitor concentrations relative to control. At 10'5 M DDTC,
these levels remain elevated for at least 4 h but return to control levels by 24 h.
Little loss of cell viability, measured by dye exclusion, was observed. In contrast,
at 10‘3 M DDTC the conjugate levels are still elevated at 24 h, at which time there
is marked loss of viability. A concomitant decrease in the level of a putative
ubiquitin-histone conjugate was observed. Induction of sublethal stress by heat
shock of PC12 cells for 3 h at 43°C, also caused a rapid marked elevation in the
level of high molecular weight conjugates for up to 24 h, relative to control cells.
These results show that ubiquitin-conjugation is a regulated process and can alter
rapidly in response to conditions which induce stress in neurone-like cells.
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THE ROLE OF HIPPOCAMPAL Cu, Zn-SUPEROXIDE DISMUTASE
(SOD-1) IN KAINIC ACID-INDUCED NEURONAL DEGENERATION.
H. C. Kim1*. S. I. Kim2. G. Bing and J, S. Hong. ‘College of Pharmacy,
Kangwon National University, Chuechnoe, 200-701, KOREA, ^>ab. of

NITRIC OXIDE SYNTHASE-CONTAINING CELLS IN THE RAT
HIPPOCAMPUS ARE RESISTANT TO TRIMETHYLTIN. H. Kanai*.
M. Ikeda. M. Akaike, S. Tsutsumi, Y. Takahashi, M. Sadamatsu, A. Masui, and
N. Kato. Dept, of Psychiatry, Shiga Univ. of Med. Sci., Otsu 520-21, Dept, of
Physiol. Chem., Tokyo M & D Univ. Graduate School, Tokyo 113, and Drug
Develop. Res. Labs., Hoechst Japan Ltd., Kawagoe 350-11, Japan.

Chemopreveetioe, NCI/NIH, Bethesda, MD 20892 and LEN, NIEHS/MH,
Research Triangle Rark, NC 27709, USA.
We examined the immunocytochemical distribution of cytosolic Cu,
Zn-superoxide dismutase (SOD-1), the expression of SOD-1 mRNA
and the activities of SOD-1, glutathione peroxidase (GSHPx) and
catalase (Cat) in the rat hippocampus after systemic injection of kainic
acid (KA). Intense immunoreactivity of SOD-1 was seen in the
pyramidal cell layer 3 • 5 days after injection of KA, while weak
immunoreactivity for SOD-1 was observed in the pyramidal cell layer
in control rats. The increased immunoreactivities and mRNA levels for
SOD-1 were consistent with the enhanced enzyme activities of SOD-1
following KA. However, the increased activity of SOD-1 after KA
treatment was not accompanied by adaptive rises in the activities of
GSHPx and Cat High levels of SOD-1, and low levels of GSHPx and
Cat, may increased the intracellular accumulation of H2O2. This
increased H2O2 might faciliate the lipid peroxidation of hippocampal
neurons. An altered balance in the antioxidant enzyme systems
following KA could mediate the eeusodegneerative process.
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Nitric oxide (NO) is implicated both in the physiology and the pathology in
the hippocampus. We studied change in NO activity in the hippocampus of rats
treated with trimethyltin hydroxide (TMT; 9mg/kg, p. o.), by means of
morphological NADPH-diaphorase staining and biochemical enzymatic
determination of NO-synthase. TMT was known to induce selective loss of
CA3/4 pyramidal cells in the hippocampus.
The rats were sacrificed 5 and 16 days after TMT treatment. TMT exposure
caused the typical behavioral changes of TMT intoxication such as
hyperactivity, aggression, and tail-mutilation, as well as the hippocampal
damage as reported previously. The interneurons scattered in the hilus and
CA3/4 were found strongly positive in NADPH-diaphorase staining. The CA1
pyramidal cells, which were reported to contain endothelial NO synthase, also
had weak positive staining. Both positive cells were not affected by TMT
treatment. NO synthase activity was measured by the conversion of [3H]
arginine to [3H] citrulline. [3H] citrulline was separated from [3H] arginine by
high-performance liquid chromatography and counted by liquid scintillation.
There was no significant change in NO synthase activity in the hippocampus
between control and TMT-treated rats. Despite these behavioral and
morphological changes, NADPH diaphorase staining remained unchanged,
which was further substantiated by no change in NO synthase activity. These
results suggest the resistance of NO synthase-containing neurons to TMT.
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EXPRESSION OF NOS ISOFORMS IN THE DEVELOPING AND
DEGENERATED RAT BRAIN: MORPHOLOGICAL; RT-PCR; WESTERN
BLOT AND MICRODIALYSIS STUDY
G. Keilhoff, B. Seidel. H. Noack. J. Calka. R. Bokelmann. W. Schmidt*. G. Wolf
Inst. Med. Neurobiology, Univ. Magdeburg, D-39120 Magdeburg, Germany
Nitric oxide synthase (NOS) in the brain is present in different isoforms, which
possess a histochemically detectable NADPH-diaphorase (NADPH-d) activity. To test
when these isoforms first appear during ontogenesis, mRNA and protein levels of
brain (b), endothelial (e) and inducible (i) NOS in tissue samples from pre- and
postnatal rat brains were determined and compared with the ontogenetic pattern of
NADPH-d activity obtained by histochemistry. Starting with the embryonic day (ED)
10 the mRNA-levels of all isoforms showed no or only minor changes until adult
state in all brain regions except i-NOS, which temporally declined by 17th ED. In
contrast to the permanent expression of the specific RNAs, but in line with the
ontogenetic pattern of the NADPH-d at the light microscope, detectable amounts of
b- and i-NOS in the Western blots appeared first at ED 15 and increased considerably
until adult state. Endothelial-NOS protein, however, was expressed during all
developmental stages and increased moderatly until adult state. Ultrastructurally,
NADPH-d labeling was seen in the brain pallium of 13-day-old embryos. The
reaction product was deposited on membranes of the nuclear envelope. Cells of ED
10 were, as a rule, free of formazan.
Exposure to quinolinic acid led to a massive loss of neuronal cells in the striatum.
Parallel to this depletion a striking proliferation of reactive microglia/macrophages
and astroglia was seen. Most of IB4 positive macrophages showed NADPH-d reaction
product deposited on membranes, whereas the population of highly phagocytotic cells
displayed cytosolic staining, which seems to be the inducible isoforms. Parallel
microdialysis studies showed a significant increase in citrulline 7 days after
intoxication by which the induction effect on NOS production is further
substantiated.

NEURO-ONCOLOGY:

837.1

BROMODEOXYURIDINE UPTAKE IN RG-2 RAT BRAIN
TUMORS: LIMITATIONS OF A PROLIFERATION MARKER.
A.C. Itskovich*, H.H. Engelhard, D.R. Groothuis. Northwestern
University Institute for Neuroscience, Evanston, IL 60201.
Bromodeoxyuridine (BrDU) is used as a proliferation marker
and radiosensitizer in brain and other tumors.
We looked at
incorporation of 14C-BrDU into a nonextractable tissue fraction in
normal and neoplastic tissue. RG-2 ghomas were transplanted into 12
male Fischer-344 rats. Each animal received a 50 pCi bolus of 14CBrDU in a femoral vein; multiple blood samples were collected in 10,
30, and 60 min experiments. Total HC activity and BrDU
concentration was measured in plasma. The amount of labeled BrDU
in 20 pm thick sections was measured with quantitative
autoradiography, before and after washing with methanol.
We
calculated a plasma half-life of BrDU, an apparent blood-to-tissue
transport value (KUpp), and an incorporation quotient (Q). Plasma halflife was < 10 min. The Kjapp decreased rapidly in RG-2 tumor, from
15 pl/g/min at 10 min to 5 pl/g/min at 60 min. In cortex, Kjapp peaked
at 30 min at 3 pl/g/min. Q in RG-2 tumor was constant from 10 to 30
min, at 3 pl/g/min, and peaked at 30 min in cortex at 3 pl/g/min. BrDU
is rapidly metabolized ; its availability is limited by capillary
permeability. In rapidly proliferating tissue with low permeability,
BrDU uptake is likely to underestimate the true rate of proliferation.

837.3

VASOACTIVE INTESTINAL PEPTIDE IMMUNOREACTIVITY AND mRNA ARE
PRESENT IN A HUMAN ASTROCYTOMA CELL LINE. J. Y. Wu». G, W.
Glazner and R. A. Alvero. Lab. Dev. Neurobiol., NICHD, NIH, Bethesda, MD,
20892,
Vasoactive intestinal peptide (VIP) is a potent neuroendocrine mediator with
a wide range of biological activities. In addition to its role as a neurotransmitter,
VIP is a potent survival factor for cultured cortical neurons, and has been shown
to stimulate mitosis in primary astrocytes and cultured mouse embryos. VIP
immunoreactivity is present in many human tumors, and VIP receptors have
been found in colonic adenocarcinomas, breast cancers, melanomas,
neuroblastomas, and pancreatic carcinomas. In the CNS, VIP is present in
neurons, but has not been found in primary astrocytes. Given the vigorous
growth factor effects of VIP, and the prevalence of VIP in other tumor cells, we
investigated the presence of VIP in a human astrocytoma cell lines. The grade
IV human astrocytoma cell line U373 was grown in minimal essential medium
with 10% fetal bovine serum. Conditioned medium was obtained by incubating
for 6 hours in serum-free media.. Total RNA was extracted from cell pellets, and
reverse transcription- polymerase chain reaction (PCR) was performed using
primers highly specific for VIP mRNA. PCR products were obtained from these
samples within 30 cycles. The identity of PCR products was verified using
nested primers. In addition, VIP peptide immunoreactivity in both U373 cell
pellets and conditioned media was investigated using radioimmunoassay. VIP
immunoreactivity in cell pellets was detected and correlated with density,
increasing from 162.5 pg/flask with 30-40% confluence, to a mean of 812.7
pg/flask with 100% confluence. In the media, VIP immunoreactivity was also
found at a level of 15 pg/ml regardless of confluence. These data indicate that
a human astrocytoma cell line has both mRNA and immunoreactivity for VIP.
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EXPRESSION OF DIAZEPAM BINDING INHIBITOR AND
MITOCHONDRIAL BENZODIAZEPINE RECEPTOR IN HUMAN
ASTROCYTOMAS: RELATIONSHIP TO CELL PROLIFERATION . _H
Miettinen. J. Kononen. H. Haapasalo. P. Helen* and H. Alho. Laboratory of
Neurobiology, University of Tampere, Finland.

A polypeptide capable of displacing benzodiazepine binding from both
central- and peripheral-type receptors has been purified from the brain and
liver of different species and has been designated as diazepam binding
inhibitor (DBI). The expression of diazepam binding inhibitor and
mitochondrial benzodiazepine receptor (MBR) were studied in human
astrocytic tumors using immunocytochemistry and in situ hybridization. Both
MBR and DBI were prominently expressed in neoplastic cells, whereas low or
undetectable levels were present in normal brain. Immunocytochemical
double-staining demonstrated that MBR and DBI were present in the same
cells, suggesting that DBI may act in an autocrine manner in these cells.
Analysis of 86 cases showed that MBR expression was statistically
significantly associated with tumor malignancy grade (p=0.004) and
proliferative index as determined by MIB-1 immunocytochemistry (p=0.004).
Patients having tumors with high number of MBR immunoreactive cells had
shorter life expectancy than patients whose tumors showed lower MBR
expression (p=0.024). These results suggest that MBR might be useful in
evaluating malignancy in brain tumors.

837.4

REVERSE-TRANSCRIPTASE POLYMERASE CHAIN REACTION (RT-PCR)
ANALYSIS OF SOMATOSTATIN RECEPTOR (SST) EXPRESSION IN
NEUROBLASTOMA. A.R. Albers. M.S. ODorisi^ and A.J. Yates*. Dept, of
Pediatrics, The Ohio State Univ. College of Med., Columbus, OH 43205.
Somatostatin receptor (SST) expression indicates good prognosis in neuroblastomaf.
Five SST genes (SSTl-5) have been cloned. This study investigated the expression
of SSTl-5, somatostatin peptide (SMS), and a control gene (c-abl) in neuroblastoma.
RT-PCR was used to analyze SSTl-5, SMS, and c-abl gene expression in total RNA
isolated from 13 neuroblastoma tumor samples, 3 neuroblastoma cell lines, and 3
control tissues: pituitary, brain, and adrenal. The tissues were provided by the
Cooperative Human Tissue Network at Children’s Hospital and The Ohio State
University Hospitals. Tissues were kept at -8O°C with or without cryoprotectanL
RNA was demonstrated to be free of genomic DNA (gDNA) using primers for the cabl gene designed to span an intron. The c-abl cDNA product but no gDNA product
was demonstrated in 13 neuroblastoma samples, 3 cell lines and 3 control tissues.
Eight of 13 neuroblastoma tumors, 3/3 control tissues and 2/3 neuroblastoma cell lines
demonstrated SST2 expression. No neuroblastoma tumors or cell lines tested to date
have expressed SST1, SST3, SST4, or SST5. Pituitary expressed SST1, SST3, and
SST4 but not SST5. Brain expressed SST1, SST4, and SST5. The cDNA product for
SMS was demonstrated in 12/13 neuroblastoma samples and in none of the cell line
samples. The current study suggests that RT-PCR SST expression analysis of total
RNA extracted from small tissue samples, eg. tumor biopsies, provides a powerful
assay to use 1) in determining prognosis in cancer and 2) as a basis for choosing to
use somatostatin analog therapy in cancer.
tODorisio, M.S., F. Chen, T. M. O’Dorisio, D. Wray, and S. Qualman. 1994.
Characterization of somatostatin receptors on human neuroblastoma tumors. Cell
Growth & Differentiation 5:1-8.
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837.5

EFFECT OF INTERFERON AND NERVE GROWTH FACTOR ON GLIOMA
GROWTH CORRELATES WITH ALTERATION OF CELL SIZE. M.
Wiranowskal S . Sapor La2, j.Moore2, S . Phuphanich1 and M.F,
Nolarr*.
Departments of Neurology1 and Anatomy2, College
of Medicine, University of South Florida, Tampa, FL.,
33612.
The effects of interferon (IFN), nerve growth factor
(NGF) and IFN+NGF. on human astrocytoma U -373, human
melanoma A-376 and mouse glioma G-26 cell growth, size and
differentiation evaluated here.
Cells were incubated for
3 days with NGF at 0.1-10 yg/ml, 5-5xl04 IU/ml of human
recombinant IFNa-2b or 8xlO-8xlO4 IU/ml of mouse IFNa/S,
or with a combination of NGF and IFN.
Cell growth was
evaluated by incorporation of 3-H thymidine and cell cycle
by analysis with flow cytometry.
Morphology and cell size
were evaluated microscopically and with a Coulter
Multisizer.
It was found that homologous IFNs inhibited
growth of all evaluated cells in a dose - dependent manner,
while NGF inhibited only glioma cells showing synergy with
IFN.
Following NGF/IFN treatment, the number of smaller
glioma cells increased while the number of large cells
decreased. Unique "spider-1 ike" cells with long processes
were seen microscopically following NGF/IFN treatment.
Cell differentiation was evaluated by expression of glial
fibrillary acidic protein (GFAP) by Western
immunoblotting.
The GFAP levels of NGF/IFN treated mouse
glioma G- 26 cells increased, compared to the controls,
which have a low initial expression of GFAP.
Human U-373,
which expresses high initial GFAP, demonstrated no
detectable change in GFAP levels. It is postulated that
the synergistic inhibitory activity of NGF/IFN on glioma
proliferation correlates with the increased number of
small glioma cells, which may be an indication of glioma
cell differentiation into a non-prolfferative phenotype.

837.7

mdm2 GENE INDUCES THE EXPRESSION OF mdrlGENE
AND P-GLYCOPROTEIN IN A HUMAN GLIOBLASTOMA
CELL LINE S. Kondo*1. G. H. Barnett1. T. Morimura2 and J.
Takeuchi2. ‘Department of Neurosurgery/S8O, Brain Tumor
Center/Cancer Center, The Cleveland Clinic Foundation, 9500
Euclid Avenue, Clevaland, OH 44195, U.S.A.; dDppartment of
Neurosurgery, National Utano Hospital, Ukyo-ku, Kyoto 616,
Japan.
The overexpression of multidrug resistance (mdrl) gene and its
product, P-glycoprotein (Pgp), is thought to limit the successful
chemotherapy of human tumors. Recent studies demonstrate that
mutations of the tumor-suppressor gene p53 may enhance the
expression of mdrl gene and Pgp. However, as there are some
human tumors that overexpress both mdrl gene and Pgp but reveal
no mutations of p53, the mechanism by which mdrl gene and Pgp
are overexpressed in human tumors is not yet clear. In this report,
we show that mdm2 (murine double minute 2) gene induces the
expression of mdrl gene and Pgp in human glioblastoma U87-MG
cells expressing neither MDM2 nor Pgp. Furthermore, mdm2
confers the resistance of U87-MG cells to apoptotic cell death
induced by etoposide (VP-16) and adriamycin. These findings
suggest the possibility that mdm2 may play an important foie in the
development of MDR phenotype in human tumors.

NEURO-ONCOLOGY:

838.1

GENE THERAPY PCR BRAIN TUMDRS BY AJIOIjXCOJS VACCINATION WITH

ENGINEERED GM--SF SECRETING TUMDR CELLS. J.S. Yu, J.A. Barwick,
G. Dranoff, E.A. Chiocca* and X.O. Breakefield Neurosurgery
Service and Molecular Neurogenetics Unit, Massachusetts General
Hospital, Charlestown, MA 02129 and Dana-Farber Cancer Insitute,
Boston, MA 02125

We have developed an ex vivo gene therapy paradigm for the
treatment of brain terrors using granulocyte-macrophage colonystimulating factor (QM-C3F). The murine- B16 melanoma and the GL
261 glioma lines were infected with MFG recombinant retrovirus
containing the mouse GM--C3F cENA. The tumor lines were confirmed
to secrete GM-CSF by ELISA. Subcutaneous vaccination of syngeneic
mice with irradiated GM-CSF-secreting B16 melanoma cells
completely protected animals from subsequent intracranial B16
tumor inoculation. Histologic evaluation revealed the presence of
neutrophils, eosinophils and lymphocytes in the intracerebral
inoculation site. In contrast, animals vaccinated with irradiated
B16 cells or not vaccinated succumbed to intracranial tumor within
3 weeks after inoculation. Treatment of established intracranial
B16 melanoma tutors with subcutaneous injection of irradiated GMCSF secreting B16 cells increased median survival as compared to
injection of irradiated B16 cells or no treatment. In addition,
treatment of intracerebral glioma with subcutaneous vaccination
with irradiated, GM-CSF-secreting autologous cells also increased
survival compared to controls. Histologic examination revealed a
dramatic perivascular lymphocytic infiltrate beginning 3 days
after treatment with GM-CSF transduced cells which was not found
in controls.
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837.6

ALTERATIONS IN CYCLIN B1 EXPRESSION AND CELL CYCLE
KINETICS
IN HUMAN GLIOMA AND MEDULLOBLASTOMA
FOLLOWING RADIATION AND CHEMOTHERAPY. AJ Janss*. A Maitv.
GD Kao. RJ Muschel. WG McKenna. PC Phillips. Div. of Neurology, Children’s
Hospital of Philadelphia and Depts. of Radiation Oncology and Pathology and
Laboratory Medicine, Univ. of Pennsylvania Medical Center. Philadelphia , PA.
Cell cycle check points mediate responses to DNA-injury in proliferating cells.
Cyclin B1 has been implicated in the regulation of cellular commitment to
mitosis (G2/M transition) in eukaryotic cells yet little is know about its role in
treatment-induced G2 delay in brain tumors. Gliomas are common, treatmentresistant brain tumors in adults, while medulloblastomas are common, relatively
treatment-sensitive brain tumors in children. To study cyclin B1 in these brain
tumors we treated synchronized U25l glioma cells and DAOY medulloblastoma
cells during S phase with 6Gy radiation (RT) or lOOnM camptothecin (CPT; 1 hr
exposure). Cell cycle kinetics were evaluated using flow cytometry, cytotoxicity
using clonogenic assays, nuclear integrity and membrane integrity, and expression
of cyclin B1 mRNA and protein using northern and western blot analysis,
respectively. Glioma cells exposed tp RT or CPT were delayed in G2 and had
decreased cyclin B1 protein and mRNA. Medulloblastoma cells exposed to CPT
also exhibited G2 delay and decreased cyclin B1 mRNA. In contrast, irradiated
medulloblastoma cells had little G2 delay and a less marked decrease in cyclin B1
mRNA. CPT produced nuclear fragmentation and loss of membrane integrity in
medulloblastoma cells within 48 hr or treatment, while RT did not. We conclude
that cyclin B1 is involved in production of treatment-induced G2 delay in both
human glioma and medulloblastoma cells. We speculate that lack of cyclin B1
protein alterations and G2 delay in medulloblastoma cells after RT may be one
mechanism explaining the relative sensitivity of medulloblastomas to RT. Check
points in cell cycle progression may represent important targets for anti-tumor
therapy as they may modulate cellular sensitivity to DNA-damaging agents.

837.8

NEUROBEHAVIORAL TESTING AS A PREDICTOR OF TUMOR VOLUME
WITHIN THE RODENT CAUDATE NUCLEUS. P.D. Sawin, R.M. Roach. V.C.
Travnelis*. The University of Iowa College of Medicine, Iowa City, IA 52242
Introduction: Brain injury resulting from intracranial tumor growth is dynamic
and progressive. The purpose of this study was to correlate neurobehavioral
findings with tumor volume in a rodent model of intracranial glioma.
Methods: 24 adult male Fischer 344 rats were assigned randomly to one of
four groups. In Groups 1 -3, a 36B10 glioma (5000 cells/inoculum) was
implanted into the dominant caudate nucleus of each animal. Group 4 animals
served as sham-operated controls. Animals in Groups 1,2, and 3 were
sacrificed at 8,12, and 16 days post-implantation, respectively. Tumor size was
quantified by computerized volumetric analysis. All animals underwent a battery
of neurobehavioral tests preoperatively and immediately prior to sacrifice.
Results: All implanted animals developed viable tumors. Mean tumor volume

increased over time (1.67±O.8O mm3 @ 8 days, 3.54±1 .98 mm3 @ 12 days,
9.98±4.29 mm3 @ 16 days). No significant difference in Bederson motor
performance was noted between groups. Dual simultaneous stimulation (tape
test) revealed greater contact and removal asymmetry with greater tumor size.
Parallel bar testing demonstrated deterioration in performance with increasing
tumor size (p=0.005). Native rotational behavior was reduced in tumor-bearing
animals (p<0.001). Apomorphine enhanced turning behavior in these animals
(p=0.001), and increased the magnitude of contralateral rotation bias (p=0.02).
Sham animals did not demonstrate increased rotation with apomorphine.
Conclusions: Neurobehavioral changes induced by an enlarging lesion within
the rodent caudate are subtle. Increasing tumor volume is associated with
progressive tape test asymmetry, decline in parallel bar performance, and
altered rotational activity. These neurobehavioral findings facilitate estimation
of tumor volume in vivo, enhancing the utility of rodent brain tumor models.

TREATMENT

838.2

EXTENDED TRANSFER OF HSV-TK GENE INTO DISSEMINATED 9L BRAIN
TUMORS BY INTRAARTERIAL AND INTRAVENTRICULAR DELIVERY OF A
HERPES VECTOR. C ,M. Kramm, N.G. Rainov. M. Chase. M. Sena-Esteves, E.A.
Chiocca. X.O. Breakefield*. Molecular Neurogenetics Unit, Massachusetts General
Hospital, Boston, MA.
The aim of the present study was to improve delivery of therapeutic herpes simplex
virus type 1 thymidine kinase (HSV-TK) gene into disseminated brain tumor masses by
intraarterial and intraventricular injection of vectors. The herpes vector hrR3 was used
because highest gene transfer efficiency was achieved after intratumoral application in our
laboratory with this vector, as compared to retrovirus or adenovirus vectors. hrR3 bears the
HSV-TK and the E. cob lacZ reporter gene and has a deletion in the ribonucleotide
reductase gene, which allows selective virus replication in dividing cells. Two different
models of disseminated 9L brain tumors were established 5-7 days before intraarterial or
intraventricular injections of hrR3. For intraarterial application bradykinin was injected
prior to the vector to disrupt selectively the blood-tumor-barrier. Transfer efficiency of the
HSV-TK and lacZ genes was investigated in multiple tumor foci throughout both
hemispheres. Intraventricular debveiy of hrR3 was achieved via stereotactical injections
into the cistema magna, and distribution of the HSV-TK and lacZ genes was evaluated in a
model with a right frontal lobe tumor and extensive leptomeningeal tumor spread
throughout the CSF pathways. HSV-TK and lacZ gene debveiy was assessed in tumor
masses and in normal brain at different time points by immunohistochemical and
histochemical detection of the gene products. With intraarterial application of hrR3
following selective disruption of the blood-tumor barrier by bradykinin, transfer of the
HSV-TK and lacZ genes was found almost exclusively in the periphery of all disseminated
tumor foci. Normal brain was not affected, and no toxicity was observed. Intraventricular
delivery of the vector resulted in expression of the HSV-TK and lacZ genes in the
intracerebral and the leptomeningeal tumor masses. Some toxicity was observed with
intensive leptomeningeal inflammation and temporary infection of periventricular areas of
the brain. Intratumoral HSV-TK and lacZ expression was strongest within the first 2 days
after intraarterial or intrathecal herpes injection, but was still detectable up to at least 16
days after virus application, consistent with vector rephcation in the tumors. Both
application strategies provide a marked extension of Tk gene transfer efficiency, as
compared to intratumoral debyery. [Study supported by NINDS grant NS24279. CMK is a
fellow of the Deutsche Krebshilfe. NGR is a Wilhelm-Toanus-schollar]
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838.3

REPLICATION OF HERPES SIMPLEX VIRUS-1
GAMMA 34.5 DELETION MUTANT IN MURINE
BRAIN TUMORS.

S. Kesari1 ’2*. B. Randazzo1. S.M. Brown3. A.R. MacLean3. V.M.-Y.
Lee2. J.O. Trojanowski2 and N.W. Fraser1.
1 Wister Institute, 2Dept. of Pathology, Univ. of Penn., Philadelphia,
PA 19104. and 3MRC Virology Unit, Glasgow, Scotland.
Herpes simplex virus y- 34.5 deficient viruses are being considered
as candidates for use as cancer therapy vectors. Studies have shown
that the neurovirulence factor y-34.5 appears necessary for replication
in the central nervous system. Previously we have shown the efficacy
of HSV type I (HSV-1) strain 1716, which has a deletion in the y34.5
neurovirulence gene, to induce selective lysis of human tumor cells in
the nude mouse brain. We are expanding these studies to
immunocompetent mouse tumor models to determine the effects of a
functional immune system on viral therapy.
Preliminary
immunohistochemical and in situ hybridization studies suggest that
tumor lysis does occur in the presence of an inflammatory response.
We are currently determining the role of this response in modulating
the efficacy in viral therapy.
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838.4

IMMUNIZATION AND GANCICLOVIR TREATMENT DELAY
THE FORMATION OF HSV-TK EXPRESSING BRAIN
TUMORS
IN
RATS
THROUGH IMMUNOLOGIC
SUPPRESSION.
U. BlOmer. P.Barba. D.A, Peteteen'*. anid F.H, Gage*. Dept. of Neurosurgery
UCSD, 200 West Arbor Drive, San Diego, CA 92103-8893. ‘The Salk Institut,
10010 North Torrey Pines Road, La Jolla, CA 92037-1099
Immunity to tumors develops following ganciclovir (GCV) treatment of brain tumors expressing the Herpes Simplex Virus-thymidine kinase (HSV-TK) gene. To
study if HSV-TK by itself might contribute to the anti-tumor immunogen icity, the
growth of non-immunogenic D74 tumors, wild type (D74-w.t.) and TK-modified
D74 (D74-TK) brain tumor cells, were studied in naive rats and rats previously
treated and cured of 9L tumors by HSV-TK and GCV treatments. Formation of the
D74-TK tumors were significant reduced in both naive and pretreated rats, even
though the in vitro growth rate of these tumors was similar. Analysis of immune cells
infiltrating the tumors revealed a significant increase in the CD4 positive cells in TKmodified tumor cells in the previously treated rats. Furthermore the regression of the
D74-TK tumors was greater in the previously treated rats. These findings suggest that
even in non immunogenic tumors, the expression of HSV-TK slows the tumor formation, that can be associated with the immune response. This immunity could be
exploited by vaccination strategies to increase tumor regression seen with HSV-TK
and GCV treatments.

Supported by Deutsche Forschungsgemeinschaft (BL-389 1/1).

838.5

ADENOVIRUS-MEDIATED GENE TRANSFER INTO
EXPERIMENTAL RAT GLIOMAS. A. Kammesheidt *1, M.R.
Graf 2, G. Granger 2, L.P. Villarreal 2, and K. Sumikawa E Dept.
of Psychobiology 1, Dept, of Molecular Biology and Biochemistry
2, Univ. of California, Irvine, CA. 92717.
Adenovirus-mediated transfer of cytokine genes is a novel technique
which may have therapeutic value in the treatment of central nervous
sytem neoplasms. It has not been established however, that viral
recombinants can transduce different brain tumors with similarefficiency. Also, we wanted to investigate whether direct viralmediated transfer of cytokines into a pre-established tumor could
elicit signs of tumor rejection due to increased activation of the
host's immune system. In order to address these issues, we
transduced five different rat glioma cell lines with two different
adenoviral recombinants, one carrying the pgal reporter gene
(AdCMVpgal), and the other containing the cDNA for human
interleukin-2 (AdCMVIL2). Even at a multiplicity of infection of
1000 we observed a strong difference of infectability between the
different glioma cell lines as indicated by X-gal histochemistry and
by the level of fl-2 released into the culture media. This variance was
consistent for both adenoviral recombinants. The degree of infection
efficiency of the gliomas from highest to lowest was D74 > F98 >
C6 > 9L > T9. X-gal histochemistry revealed that approximately
95% of D74 cells were transduced as compared to approximately
1% of T9 cells. In addition, we are testing for the ability of
AdCMVpgal to transduce in situ gliomas. Adenoviral-mediated
cytokine transfer into established gliomas will be discussed.

838.7

INHIBITION OF GLIOMA GROWTH IN RATS TREATED WITH
INTERLEUKIN 2 GENE-MODIFIED ENDOTHELIAL CELLS. M.J. Nam*.
P. Johnston. R. Indurti. and J. Laterra Dept. of Neurology and The Kennedy
Krieger Institute. Johns Hopkins Sch. of Med.. Baltimore. MD 21205
Interleukin-2 (IL-2) is known to be secreted by T helper cells and to stimulate
cytotoxic T cells and natural killer cells, affecting antitumor responses. The
antitumor effects of IL-2 were examined in rats implanted with 9L glioma cells.
As a delivery vehicle of IL-2, rat brain endothelial cells immortalized with
adenovirus E1A gene and modified to express the lac Z (RBEZ) were used.
RBEZ cells have been shown to survive for greater than 1 month after
implanting to brain tumors. RBEZ-IL2 cells were obtained by transfection with
pBCMG-hygro-IL2, a BPV expression vector containing murine IL-2 cDNA
under the transcription control of a cytomegalovirus promoter. 9L cells (1x10s)
with either RBEZ-hygro (control) or RBEZ-IL2 cells (2X10) were injected
subcutaneously into flanks of rats and tumor volumes sequentially measured.
RBEZ-IL2 treatment inhibited tumor growth (at 27 days, 13(635 ±2883 vs
170 ± 144 mm3, n* 10. p=0.(0)1). 9L gliomas were also injected stereotactically
into left cerebral hemispheres concurrent with either RBEZ-hygro or RBEZ-IL2
cells. After 14 days. rats were sacrificed and cross-section areas and tumor
volumes were determined.
Endothelial-based IL-2 delivery prevented
intracranial glioma formation as estimated by cross-section area (35±3 vs 6±5
mm2. n=3, p=0.006) and tumor volume (2I4±32 vs 26±25 mm3. n=3,
p=0.005). RT-PCR for IL-2 was performed to document IL-2 gene expression
in vivo. IL-2 specific PCR products were detected at 5 days post-implantation
in hemispheres receiving RBEZ-IL2 cells but not in contralateral hemispheres.
These findings establish that genetically modified endothelial cells can be stably
engrafted to growing gliomas and effectively deliver antitumor agents.
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A NOVEL GENE THERAPY APPROACH TO PITUITARY
ADE N OMAS. A. Freese*, M. During. M. Kaplitt. B. Davidson. K.
O'Malley. E. Flamm. T. Gennarelli, and P. Snvder. Div. Neurosurg.
Univ. Pa, Phila., PA 19104; Div. Neurosurg. Yale Univ., New Haven,
CT 06520; Dept. Med. Univ. Iowa, Iowa City, IA 52242; Dept.
Neurosurg., Hahnemann Univ., Phila., PA 19146
Although dopamine (DA) receptor agonists play a role in managing
prolactinomas, there are significant side-effects. We are developing a
gene therapy approach to prolactinomas which would eliminate the
need for such drugs and which has applications to other adenomas. We
have constructed viral vectors containing genes encoding DA biosynthetic
enzymes, including tyrosine hydroxylase (TH) and amino acid decarboxylase (AADC). By introducing such vectors into a prolactinoma, DA levels
might increase locally, inhibit prolactin secretion and shrink the tumor.
Using an Adenovirus vector with a TH gene (AdCMVth). transfection
of human prolactinoma cultures resulted in transgene expression, as
monitored by immunocytochemistry. Increases in dopamine release were
observed in cultures treated with AdCMVth, compared to controls.
Significant and sustained reductions of secreted prolactin were also
observed in AdCMVth treated cultures, compared to controls.. Similar
results were obtained using an Adeno-associated virus vector which
contains transgenes encoding both human TH and AADC.
Viral vectors might be used for gene therapy in other pituitary
adenomas by introducing transgenes encoding proteins which modulate
hormone secretion and tumor growth patterns. Unlike strategies based
on introducing cytotoxic genes into tumors, our approach doesn't require
that virtually all tumor cells are transfected to achieve these effects.

838.8

ANTIPROLIFERATIVE
EFFECT
OF
C-MYC
ANTISENSE
PHOSPHOROTHIOATE OLIGODEOXYNUCLEOTIDES IN RAT GLIAL

TUMOR CELLS.

ZJ.Chen, W.C. Broaddus*, S.Prahhu, W G.I/mdon

Division of Neurosurgery, Medical College of Virginia, Richmond, VA 23298
Antisense oligodeoxynucleotides (ODNs) offer the potential to block the
expression of specific genes within cells, c-myc is an immediate early response
gene induced by various mitogens, suggesting that its protein product may play
a role in numerous signal transduction pathways, including those modulating cell
division. Rat-specific phosphorothioate 15-mer ODNs were synthesized by the
Nucleic Acids Synthesis and Analysis Laboratory of the Massey Cancer Center.
The antisense c-myc sequence used was as follows: 5'-CACGTTGAGGGGCAT3'. Three concentrations of ODNs (luM, 3uM, lOuM) were added to the media
of cultures of RT-2 cells (a rat glioblastoma cell line), and cell growth was
assessed by MTT assay one to four days after adding the ODNs. Compared to
cultures containing standard media, antisense oligodeoxynucleotide was found to
significantly inhibit the growth of glioma cells, while sense and scrambled
sequence ODNs did not significantly affect cell growth at the concentrations
tested. Western blot analysis showed that expression of immunoreactive c-myc
protein was also reduced in the antisense ODN-treated cells (and not in sense-,
scrambled- or control-treated cells). Flow cytometry and immunocytochemistry
studies are ongoing. These results suggest that c-myc plays a critical role in
glioma cell proliferation, and support a potential role for antisense strategies
designed to inhibit c-myc expression in the treatment of malignant gliomas in
clinical settings.
Supported by IRGIN-105Q from American Cancer Society.

NEURO-ONCOLOGY:

2136

838.9

Suppression of Human U87 Glioblastoma Tumor Growth in the Flank
of Nude Mice with Antisense Oligonucleotides to the c-myb
Oncogene. W C. Low*, C. You. E. P. Flores. L Chiang, J. A. Conrad. X.
Q. Uu, D.Y.K. Wen, and HW A. Hail. Deeartmeets of Neeuoosrgery aan
Physiology, nnd Program in Neuroscience, University of Minnesota,
Minneapolis, MN 55455
c-myb is a proto-oncogene which encodes a nuclear protein
involved in the regulation of the cell cycle. This oncogene is typically over
expressed in various types of cancer. Previous studies in our laboratories
demonstrated that antisense oligonucleotides to the c-myb oncogene can
suppress the proliferation of human medulloblastoma and glioblastoma
cells grown in vitro. In the present study, we have examined the effects of
antisense administration in vivo using nude mice as tumor transplant
recipients. Human glioblastoma of the U87 cell line were injected into the
flank of nude mice (5x1(® cells). Ten days after the injection of the tumor
cells, animals received injections of either c-myb antisense or nonsense
(100 gM), or Hank's balanced salt solution (HBSS) in 50 gl volumes directly
into the tumor. Antisense oligos were designed for codons 182-188 of the
c-myb oncogene. Antisense injections were given at days 10, 12, 14, and
1B after the transplantation of the tumor cells. Tumor volume (mm^) was
measured daily for each animal over a period of 17 days. Animals given
injections of HBSS exhibited tumors at day 17 which significantly increased
in size to 217% (p < 0.05) of the volume prior to HBSS administration.
Animals given nonsense oligonucleotides also exhibited tumors which
significantly increased in size by 210% (p < 0.05). In contrast, animals
receiving c-myb antisense exhibited no significant increase in tumor size
with tumors only 128% of their pre-antisense treatment size. These results
suggest that the administration of antisense to codons 182-188 of the c-myb
oncogene can suppress U87 tumor growth in vivo, and may thus be an
effective form of therapy in treating human brain tumors. (Supported by a
grant from the American Cancer Society).

838.11

INHIBITION OF GLIOMA GROWTH WITH PROTEIN
TYROSINE KINASE INHIBITOR: METHYL 2,5DIHYDROXYCINNAMATE.
S Yazdani. CG Cadav*. X
Alvarez and A Nanda. Division of Neurosurgery, Department of
Surgery and Biomedical Research Institute, Louisiana State University
Medical Center, Shreveport, LA 71130.
Many protein tyrosine kinases (including growth factor receptors
and oncogenes) are overexpressed in human gliomas. Thus, selective
inhibition of specific protein tyrosine kinases (PTK) is a potential
Erbstatin
therapeutic approach to inhibit glioma proliferation.
selectively inhibits epidermal growth factor receptor (EGFR) tyrosine
kinase activity, but it is unstable. Repeated treatment with methyl 2,5dihydroxycinnamate (MDHC), a more stable member of the erbstatin
family of PTK inhibitors, inhibited glioma growth in culture with an

IC50 of 2-3 pM.

More than 90% of cell growth was inhibited

following repeated treatment with 5 pM MDHC. In contrast, glioma
cultures that were treated once with MDHC (at concentrations as high

as 20 pM) were able to overcome the MDHC inhibition and regrow.
The IC50 of MDHC showed that it was a more potent inhibitor than
the structurally homologous tyrphostins which inhibited gliomas with
an IC50 of 20-40 pM [Miyaji etal. 1994 J Neurosurg 81: 411-4-19].
MDHC-treated glioma cells did not appear to die by necrosis. MDHCtreated cells showed retraction of glial processes, cell shrinkage and
enhanced DAPI staining. The potential use of members of the
erbstatin family for glioma therapy requires development of more
stable analogues with more specific tyrosine kinase activity.

838.13

OLIGOSACCHARIDE INHIBITION OF GLIOMA GROWTH
M. Nieto-Sampedro. C. Bail6n. A . Fem&ndez-Mavoralas. M. MartfnLomas, B. Mellstrom, and J.R. Naranjo*. Cajal Institute and Institute
for Organic Chemistry, CSIC, Madrid, Spain.
a-D-GalNAc-(l—^[LD-Cg T-I—4)--a-L-Fuc--l->3)]-p-DGlcMe (TS4: Me, methyl), a synthetic analogue of an antimitotic present
in brain1, was cytostatic for cultured primary rat astrocytes and rat C6
glioma cells at pM concentrations2, but showed no cytotoxicity at
concentrations 100-fold above the ID50. The growth of tumors formed
after C6 transplantation in brain was, as expected, inhibited by
continuous infusion of TS4 (10 pg/hour). In addition, treated tumors
appeared necrotic, suggesting that TS4 may have activated cell-mediated
destruction mechanisms. Natural killer (NK) cell activation, requires
binding of an oligosaccharide ligand to the receptor lectin NKR-P1;
these ligands have a structure) very similar to TS4. On the other hand,
TS4-induced conexin 43 overexpression, could enhance C6
immunogenicity and cause cytotoxic lymphocyte activation. TS4 and
sialyl-Lewis are closely related to blood groups and selectin ligands.
Their antimitotic properties2 suggests a role for blood group
carbohydrates and may account for contact inhibition of cell
proliferation. This work introduces a new class of antimitotics and
potential antimetastatics. Supported by grants SAF 0212-92 from the
CICYT, Spain, and by Boehringer Ingelheim Espana, S.A..
I. Nieto-Sampedro (1988) Science 240, 1786.2. Coteron et al. (1995)
J. Org. Chem., in press. 3. Bezouska et al. (1994) Nature 372, 150.

TREATMENT

838.10

LAZAROIDS INHIBIT PROLIFERATION OF CULTURED HUMAN BRAIN
TUMOR CELL LINES. P. Arora. Y.S. Lee. T.C. Orieitano and R.D. Wurster*.
Neuroscience Program, Depts. of Physiology and Neurological Surgery, Loyola
Medical Center, Maywood IL 60153.
Lazaroids (or 21-aminosteroids) are potent lipid peroxidation inhibitors having
antioxidant properties (i.e. scavengers of reactive active species, ROS) similar to
glucocorticoids and vitamin E. ROS, at low levels, are shown to activate signal
transduction pathways (Ca2+, PKC and arachidonic acid) and induce expressions
of certain proto-oncogenes (c-fos, c-jun, c-myc) that are involved in cell
proliferation. In this study cultured human brain astrocytoma (U-373 MG) and
neuroblastoma (SK-N-MC) cell lines were used to determine if two representative
lazaroid compounds (U-74389G and U-83836E) could affect tumor cell
proliferation. Alpha-tocopherol (or vitamin E, a potent antioxidant) and steroids
(methylprednisolone and dexamethasone) were also tested under similar
experimental conditions. Cell viability was assessed by counting viable cells in a
hemocytometer using the trypan blue exclusion method. Results obtained show
that both lazaroids effectively inhibit proliferation of U-373 MG and SK-N-MC
in a dose-dependent manner. The steroids and alpha-tocopherol were also
antiproliferative but at higher doses. In addition to their antioxidant effects, the
antiproliferative effects of lazaroids may also be attributed to their ability to
chelate iron and decrease membrane fluidity. In summary, lazaroids have
significant growth-inhibitory properties that may have potential clinical use in the
treatment of certain brain tumors, especially where ROS are known to be involved
in tumor promotion. They would be clinically advantageous as their actions are
devoid of the usual side effects of steroid therapy and are more potent than alphatocopherol.

838.12

Induction of programmed cell death by 1,25-dihvdroxyvitamin D3 in C6.9 rat
glioma: A role for l,25-(OH)2D3 in the control of brain tissular homeostasis?
D. Wion. C. Baudet, P. Naveilhan, G. Chevalier. P. Brachet* INSERM U 298,
CHU Angers, F-49033 Angers, France.
1,25-dihydroxyvitamin D3 (l,25-(OH)2D3) is a seco-steroid hormone which
exerts its principal biological activities through specific nuclear receptors (VDR).
Accumulating evidence, including the presence of VDR in several brain areas, the
synthesis of l,25-(OH)2D3 by activated microglial cells and the regulation of
neurotrophins expression by l,25(OH)2D3 in astrocytes, suggests that the brain is
a target for this hormone.
We have previously reported that 1,25-dihydroxyvitamin D3 exerts a toxic
effect in rat C6 and human GHD glioma cell lines (Naveilhan et al. J. Neurosci.
Res. (1994), 37, 271). In view of the well known heterogeneity of C6 cells, a C6
subclone called C6.9, isolated by the method of limiting dilution, was used to
investigate the underlying mechanisms by which l,25-(OH)2D3 acts on glioma
cells. When C6.9 cells cultured in a serum-free medium were treated during 24
hours with l()"7M l,25-(OH)2D3, cell death occured 5-7 days later. An increased
expression of c-myc, gadd 45, and p53 genes is observed at day 3. Apopototic
DNA fragmentaion is also observed on day 6. However, nuclear fragmentation,
which is the morphological criteria for apoptosis, was not observed. Taken
together these data suggest that l,25-(OH)2D3 induces a programmed cell death
in C6.9 cells which shares the biochemical but not the morphological features of
apoptosis. They also offer new therapeutic perspectives in the treatment of
gliomas. Furthermore, they raise the possibility that the synthesis of 1,25(OH)2D3 by activated microglial cells could limit the appearance of brain tumors
and then add another clue on the possible roles of l,25-(OH)2D3 in the nervous
system.

838.14

BRAIN GLIOMA TREATMENT BY MONOCLONAL ANTIBODIES TO
HUMAN CHORIONIC GONADOTROPIN. ML. Leavitt*. E.A. Acevedo. H.F.
Acevedo. A, Krichevskv. R. Gorewit and J.C. Maroon. Allegheny-Singer
Research Inst., Medical College ofPennsylvania and Hahnemann Univ., Pittsburgh,
PA 15212 and InVitro Technologies, Inc., Pittsburgh, PA 15238.
We have demonstrated expression of membrane-associated human chorionic
gonadotropin (hCG) by cultured human cancer cells of the nervous system and the
rat C-6 glioma cell line. Monoclonal antibodies (MAbs) reacting with some hCG
epitopes have shown cytolytic effects cm human cancer cells. This study
investigated whether intratumoral (IT) infusion of a MAb to hCGP (CTP-103)
would prolong survival of brain glioma-bearing rats. One million C-6 cells were
infused via a chronic plastic guide cannula directed towards the striatum. The
presence of intracerebral tumor was confirmed by magnetic resonance imaging
(MRI) before submitting rats to infusion of either CTP-103 (12 gg/day) cm PBS
vehicle. Intratumoral infusion (0.5 gl/hr) was performed by means of a
subcutaneous (sc) osmotic minipump connected to a 23g needle inserted through
the guide cannula. A mean (± Se M) post C-6 cell implantation survival time of

23.6 ± 1.4days wito h auige ef 17-29 days ww observed m a ar°uP of 8 noro
treated C-6 cell-implanted rats. Rats infused with PBS IT or with CTP-103 Sc died

in 24 days. In contrast, 3 out of 4 IT CTP-103 treated rats are currvatly alive at
42, 88, and 91 days. Post-treatment MRI revealed the absence of tumor and the
presence of necrosis and edema Histological examination of an IT CTP-103
infused rat euthanized 78 days Allowing tumor cell implantation cpafirmvy the
absence of tumor which had been pesvevey by MRI prior to the start of treatment.
These preliminary 1iayings suggest that therapy for brain gliomas based on hCG
MAbs may be effective. Supported by grants from Allegheny-Singer Research
Institute, InVitra Technologies, Inc., the Silbvrmaa Family Fund of The Pittsburgh

Foundation, and contribution in memory of B.D. Caywallsyvr.
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ACETYLCHOLINE:

839.1

CONCENTRATION DEPENDENT EFFECTS OF NEOSTIGMINE ON dAMPHETAMINE INDUCED INCREASES IN STRIATAL
ACETYLCHOLINE RELEASE. E. Acquas* and H. C. Fibigcr.
Division of Neurological Sciences, Dept. of Psychiatry, University of British
Columbia, Vancouver, B. C., V6T1Z3 Canada.
There is considerable evidence based on in vivo brain microdialysis that
systemically administred d-amphetamine increases acetylcholine (ACh) release
in the striatum. This increase is mediated by dopamine Dj receptors, since it
can be blocked by the Dj receptor antagonists SCH 23390 and SCH 39166. In
contrast, when d-amphetamine is applied directly to the striatum it decreases
ACh release by its dopamine mediated actions on striatal D2 receptors. Here,
we report that the effects of d-amphetamine (2 and 10 mg/kg) on striatal ACh
release are strongly influenced by the concentration of a cholinesterase inhibitor
(neostigmine bromide) in the perfusion fluid. In the presence of neostigmine 10
' M, d-amphetamine (2 mg/kg) significantly stimulated striatal ACh release
(max increase 54% above baseline), while at 10'** M this dose of d-amphetamine
did not significantly change striatal ACh output (max 16% above baseline).
Administration of a higher dose of d-amphetamine (10 mg/kg) significantly
increased striatal ACh output in the presence of neostigmine 1(0' M (max 68%
above baseline), while it decreased striatal ACh release (max 27% below the
baseline) in the presence of 10* M neostigmine. In contrast to the neostigmine

jcentration dependent effects of d-amphetamine, enhanced ACh release
produced by the full D| agonist A-77636 (4p mol/kg) was not influenced by the
level of cholinesterase inhibition. These findings indicate that the effects of dcl

amphetamine on striatal ACh release depend critically on the concentration of
neostigmine in the perfusion fluid and demonstrate that microdialysis conditions
can critically influence dopamine-mediated effects on striatal ACh release.

839.3

IN WVO MODULATION OF RAT CORTICAL ACETYLCHOLINE RELEASE

BY NMDA RECEPTORS. M.G. Giovannini. L. Giovannelli. P. Blandina* and
G. Pepeu. Dipartimento di Farmacologia, University di Firenze, Firenze, Italy.
The transversal microdialysis technique was used to investigate the
modulation of cortical cholinergic neurons by glutamatergic inputs in the rat in
vivo. Male albino Wistar rats (250-300 g) were used. Under chloral hydrate
anesthesia a transversal microdialysis membrane was positioned, in the parietal
cortex. Drugs were administered either through the dialysis membrane or i.c.v.
The competitive NMDA antagonist CPP (5 nmol/5 pl saline) administered i.c.v.
to rats elicited a long lasting increase in cortical ACh output byl00%. This effect
was not abolished by administration of NMDA (200 pM) to the cortex through
the membrane. In some experiments a second membrane was inserted either in
the medial septum or in the nucleus basalis magnocellularis (NBM). CPP (100
pM), locally administered to NBM, decreased cortical ACh release. CPP (100
pM) administered to the septum increased cortical ACh release by 82%, this
effect being abolished by concomitant administration of 50 pM muscimol, while .
bicuculline alone (50 pM) increased cortical ACh release by 190%. These data
indicate that cortical ACh release is indirectly modulated by a glutamatergic
input. Retrograde tracing using Fluoro-Gold administered to the cortex via the
dialysis membrane showed the presence of numerous labelled neurons in the
nucleus basalis, an area known to project to the cortex, as well as sparse
fluorescent cell bodies in the medial septal nuclei. Double labelling of the sections
with an anti-ChAT antibody showed that the highly fluorescent neurons present
in the medial septal nuclei and projecting to the cortex are not cholinergic.
Further experiments using an anti-parvalbumin antibody will be performed to
verify the nature, possibly GABAergic, of these neurons which might be
responsible for the indirect modulation of cortical ACh release by glutamatergic
inputs.
This project was supported by a Grant from MURST.

839.5

REGULATION OF THE CHOLINERGIC GENE LOCUS BY RETINOIC ACID
RECEPTOR ALPHA, cAMP, AND CNTF/LIF SIGNALING PATHWAYS IN A
MURINE SEPTAL CELL LINE.
B. Berse'.S.L. Wertheim2* and J.K. Blusztajn'. Boston University School of
Medicine, Boston, MA 02118. and 2University of Massachusetts Medical School.
Worcester, MA 01655.
The genes encoding two proteins critical for the cholinergic phenotype:
choline acetyltransferase (ChAT) and the vesicular acetylcholine transporter
(VAChT) are closely linked - with the VAChT coding sequence contained within
the first intron of the ChAT gene. By means of differential promoter use and
alternative RNA splicing, the two genes generate two distinct classes of mRNA.
This unusual genomic organization suggests that transcription of these two genes
is co-ordinately regulated. Using Northern analysis and molecular probes specific
for ChAT and VAChT, we have been studying the modulation of their expression
in a murine septal cell line, SN56, by three groups of agents: retinoids, growth
factors of the CNTF/LIF family, and cAMP. Messenger RNA levels of both
ChAT- and VAChT were increased up to 3.5-fold by treatment with 9-cis- or alltrans-retinoic acid (RA, 1 pM, 48 h). This effect was mimicked by an RA receptor
alpha (RARa) agonist (Ro 40-6055) and prevented by a specific antagonist (Ro
41-5253), indicating that it was mediated by RARa. ChAT- and VAChT-specific
transcripts were also induced (up to 3-fold) by treatment with CNTF or LIF (20
ng/ml, 48 h), as well as by increasing intracellular [cAMP] (e.g. with 10 pM
forskolin, which activates adenylate cyclase, or with 1 mM dibutyryl cAMP for 48
h). cAMP had a greater effect on the level of VAChT mRNA (4-fold induction)
than on the level of ChAT mRNA (2-fold induction), suggesting a quantitatively
differential transcriptional regulation of the two genes by the cAMP pathway. The
effects of the three groups of agents studied were additive, pointing to several
independent mechanisms by which the cholinergic properties of septal neurons can
be modulated. (Supported by AG09525)
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IN VIVO AND IN VITRO ACTIONS OF LINOPIRDINE AND
NOVEL NEUROTRANSMITTER RELEASE ENHANCING AGENTS
L.O. Wilkinson.*T. Smith. A. Ramirez. P, Seymour. S. McCarthy, L. Chambers.
K. Ward, S.DeMattos, P. Liston, L Lazzaro. A. Ganong. J. Lee. T. Schaeffer. P.
Johnson. B. Volkmann. A. Villalobos. S.D. Heck. D.M. Nason. M.H. Lee. K.
Coffman. G.M. Bright. J. Jasvs. and W. F. White. Pfizer Central Research, Eastern
Point Road, Groton, CT 06360
Linopirdine (DuP-996) is the first example of a novel class of compounds which
increase the stimulated release of neurotransmitters in brain slices. Its ability to
influence acetylcholine suggests utility in the treatment of Alzheimer's disease. We
report here on the in vivo and in vitro activity of a number of succinimide and alcohol
based compounds which, like DuP-996, modulate stimulated neurotransmitter release.
As previously demonstrated, DuP-996 increased K+ stimulated release of acetylcholine
from the striatum, displaying an inverted-U-shaped dose-response curve. In our
succinimide and alcohol based series, a U-shaped dose-response curve was also
observed. Structural modifications influenced maximal efficacy, but not potency. A
comparison of the ability of these compounds to influence ACh release in the striatum
and hippocampus revealed smaller effects in hippocampus than striatum, but the rank
order of efficacy correlated in the two brain regions. To evaluate in vivo activity,
ACh release from hippocampus was measured using the dialysis technique. Activity
in this model correlated with in vitro efficacy and CSF drug concentration. These
neurotransmitter release enhancers also produced a constellation of symptoms akin to
those seen after treatments which increase cholinergic neurotransmission
(fasiculations, salivation, tremors and seizures), and potentiated the ability of a
pentylenetetrazol challenge to induce seizures in mice. The effects in all three of these
in vivo models occurred in the same dose range; the rank order of potency of 7
compounds was the same in all three models. The close correlation between the
effects of these compounds on ACh release in vivo and their ability to induce
undesirable side-effects suggests that they occur through a similar mechanism.

839.4

IS BUTYRYLCHOLINESTERASE PRESENT IN PRIMITIVE CHORDATES?
L. Pezzementit R. JoJota. B. Mathews. D. Milnen and W. SoSng. DDi of Science
and Mathematics, Birmingham-Southern College, Birmingham, Alabama, 35254.
Previously, we reported that a single cholinesterase (ChE), with properties
intermediate to acetylcholinesterase (AChE) and bueyrylchglinzseerasz (BuChE),
was present in the cephalochordate amphioxus in globular and asymmetric forms.
Sequence analysis of a PCR-generated lkb genomic fragment was consistent with
this identity (Soc. Neurosci. Abstr. 19, p. 917, 1993). Now, we find that two ChE
activities can be distinguished kinetically by the irreversible inhibitor Iso-OMPA.
A rapidly-inactivated fraction comprises 70% of the esterase in total high ionic
strength detergent-containing extracts and resembles AChE, hydrolyzing acetylehiocholiee almost exclusively. The residual slowly-inactivated enzyme resembles
atypical BuChE found in cartilaginous and bony fishes, hydrolyzing butyrylthigcholine at 30% of the rate of acztylehiocholiee. Most diagnostic ChE inhibitors do

not distinguish the two esterases. The two activities are solubilized in different
proportions by sequential extraction in low ionic strength (80% AChE/20%
BuChE), low ionic strength detergent-containing (40%/60%), and high ionic
strength dztergeee-cgetaieing buffers (70%/30%). We are determining the
molecular forms of the enzymes. We have also used PCR with degenerate oligonucleotide primers to obtain a 1.5 kb ChE-like genomic sequence from amphioxus,
which we are currently sequencing. In the agnathan vertebraee Myxine glutinosa
we have found that globular and asymmetric forms of AChE are present in skeletal
muscle, but that liver contains atypical BuChE; we have not yet characterized its
molecular forms.
Of the diagnostic inhibitors tested, only -bambuterol
distinguishes the two activities. In contrast, we have found only globular forms of
AChE in the urochordate Styela plicata. These data require a rczvaluaeige of the
evolution of chordate AChE and BuChE. Supported by an NSF RUI grant to L.P.

839.6

REGULATION OF CHOLINERGIC FUNCTION IN
CAENORHABDITIS ELEGANS. D. Frisbv, J. Duerr*. J.
McManus, and J. Rand. Program in Molecular and Cell
Biology, Oklahoma Medical Research Foundation, Oklahoma
City, OK 73104.
The cha~l and unc-17 genes in Caenorhabditis elegans
encode choline acetyltransferase and a vesicular acetylcholine
transporter respectively. These genes were shown in our
laboratory to comprise a eukaryotic "operon"; the unc-17 gene
is completely nested within the first intron of cha-1, and their
cognate mRNAs .are produced by alternative splicing of a

common transcription unit. Analysis of the upstream region of
cha-lIunc-17 suggests the existence of a regulatory element
(located within a 747 bp region approximately 2.4 kb upstream
of exon-1) that is required for proper expression in most, but
not all of the body cholinergic neurons (i.e., posterior to the
pharynx). Expression of both genes in cholinergic neurons
anterior to the nerve ring, however, does not appear to be
altered in the absence of this putative "body control region."
The upstream position of this region is consistent with the
location of three independently isolated regulatory mutations
which result in a phenotype similar to a deletion of the "body
control region."
Supported by grants from NIH and OCAST

2138

ACETYLCHOLINE:

839.7

ELECTRICAL STIMULATION OF THE DORSAL
RAPHE NUCLEUS INCREASES ACETYLCHOLINE
RELEASE IN RAT FRONTAL CORTEX: AN IN
VIVO MICRODIALYSIS STUDY.

H. Hirano* and H.C. Fibigcr. Division of Neurological Sciences,
Department of Psychiatry, The University of British Columbia,
Vancouver, B.C., Canada V6T 1Z3
The effects of electrical stimulation (ES: frequency=6O Hz,
stimulation duratton=0.2 sec, interstimulus interval=2.1 sec) of the
dorsal raphe nucleus (DRN) on cortically-projecting cholinergic
neurons were studied using in vivo microdialysis to measure
extracellular acetylcholine (ACh) in the frontal cortex of freely moving
rats.
ES of the DRN for 20 min significantly increased cortical ACh
concentrations in a current-dependent manner. Thus, ES at both 25 pA
and at 50 pA significantly increased extracellular ACh levels, while ES
at 12.5 pA failed to do so. Pretreatment with ketanserin, a 5-HT2a
receptor antagonist, failed ' to block ES (25 ^A)-induced increases in
cortical ACh release. Similarly, pretreatment with the selective
dopamine Dj antagonist SCH 23390 also failed to block the ES (25
^A)-induced increases in cortical ACh release. These results indicate
that ES of DRN enhances cortical cholinergic function. However,
neither 5-HT2a nor Dt receptors appear to be involved in this
phenomenon.
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839.8

PHARMACOLOGICAL DIFFERENCES IN THE CHOLINERGIC RECEPTOR
ON OUTER HAIR CELLS OF RAT AND GUINEA PIG. C.Chen*. C.
LeBlanc and R.P.Bobbin. Dept, of Otolaryngology, LSUMC,
New Orleans, LA 70112.
The cholinergic receptor on outer hair cells (OHCs) in
guinea pig has an unusual nicotinic-like receptor
pharmacology (Erostegui et al., Hear. Res. 74: 135, 1994).
The pharmacology of the acetylcholine (ACh) receptor
cloned from rat cochlea (a, subunit) approximates but does
not match the pharmacology obtained for the ACh receptor
in guinea pig OHCs (Elgoyhen et al., Cell, 79: 705, 1994).
The purpose of the present study was to compare
cholinergic receptor agonist-induced responses in OHCs
from rat to OHCs from guinea pig using the whole-cell
variant of the patch-clamp technique.
ACh caused the
largest outward current in both groups of the cells
recorded at 0 mV when stepped from a holding potential of
-60 mV.
Carbachol- and suberyldicholine-induced responses
in cells from guinea pig were similar to those from rat.
However, 1,1-dimethyl—4-phenylpiperazinium (DMPP) produced
very little response in rat OHCs and a large response in
guinea pig OHCs (see Fig.).
Musca
cytisine induced very little
response in guinea pig OHCs
100
and none in rat OHCs.
The
_ 80
pharmacology of the ACh
S
receptor on OHCs of rat is
6 60
similar to that obtained with the a9 subunit in Xenopus
8 40
oocytes, but different from
_? 20
the ACh receptor on OHCs of
guinea pig.
0
Supported by an NIH grant
R01-DC0072 2.

Concentration (pM)

839.9

839.10

THE EFFECT OF AF64A ON CHOLINE ACETYLTRANSFERASE (ChAT)
GENE EXPRESSION IN THE SEPTO-HIPPOCAMPAL PATHWAY IN VIVO.
Q. Fan, L.R, Santiago and I . HanintJept. ofPhhrmacology, LoyolaUniv.
Chicago, Stritch School of Medicine, Maywood, II 60153.
AF64A, a selective cholinergic teurotoxit, has beet used to produce at
atimal model of cholinergic hypofutctiot (El Tamer et al., Neuropharmacologo 31:397-402, 1992). We have, therefore, further focused
our studies ot the effect of AF64A ot ChAT it the septo-hippocampal
cholinergic pathway. Followitg a sitgle admitistratiot of AF64A (i.c.v.,
bilaterally, 1 tmol/lateral vettricle), there was a tratsiett itcrease it ChAT
activity it the septum. This itcrease peaked ( + 164%, p< .01) at day 7,
atd was back to cottrol levels at day 14. Cotcurrettly, there was a lotglastitg (^ 28 days) decrease (-40%, p<.01) it ChAT activity it the
hippocampus. To determite if this chatge it ChAT activity was due to at
effect of AF64A ot gete expressiot of the cholitergic teurot, we
quattified ChAT mRNA levels usitg the reverse-tratscriptiot polymerasechait reactiot approach. Histote mRNA was used as at ittertal stgddard.
It septum, a sigtificatt itcrease ( + 165%, p<.05) it ChAT mRNA levels
was observed as early as 1-2 days after the admitistratiot of AF64A,
followed by a sigtificatt decrease (-54%, p< .05) at day 7. This reductiot
it septal ChAT mRNA levels was still observed at day 28. These
combited data suggest that the lotg term effect of AF64A ot the septohippocampal cholitergic pathway may, at least it part, be due to at actiot
of AF64A ot gete expressiot it the cholitergic teurot.

CHOLINESTERASE INHIBITORS INTERACTION WITH CORTICAL
NEUROTRANSMITTERS.
G. Quadra and E. . Giacobini*.
Dept.
Pharmacology, Southern Illinois Univ. Sch. Med., P.O. Box 19230,
Springfield, IL 62794-9230 USA.
In previous investigations, we have demonstrated that cholinesterase inhibitors
(ChEI) such as physostigmine (PHY) and heptylphysostigmine (HEP) elicit a
significant and simultaneous increase in acetylcholine (ACh) and norepinephrine
(NE) levels in rat cortex. This effect is enhanced by idazoxan (IDA), a selective
a2-antagonist. These data suggest that a combination of cholinergic and
adrenergic drug may improve the pharmacological effect of ChEI on cortical
neurotransmitters (NT) such as ACh-NE. In order to obtain additional
information on cortical NT interaction, we evaluated, in the cerebral cortex of
the rat, the effect of PHY and HEP in animals pretreated with clonidine (CLO),
a selective a2-agonist, on ACh, NE, dopamine (DA) and 5-hydroxytryptamine
(5-HT, serotonin) extracellular levels. We detected no effect of systemic or
intracortical CLO administration on ACh levels, but NE, DA and 5-HT levels
were all decreased. Clonidine co-administration reduced the effect of PHY on
ACh levels, on the contrary, HEP administered to animals pre-treated with CLO
produced a stronger effect than HEP alone. A possible explanation for this
difference is the variation in duration of the two drugs on ACh elevation and
receptor desensitization. In conclusion, our data suggest that co-administration
of a selective c^-agonist such as CLO with ChEI does not represent a favorable
pharmacological and therapeutical alternative. Considering our previous results
with IDA (Cuadra and Giaeobini, 1995), we suggest that combination of an a2antagonist with HEP may represent a more favorable alternative in order to
improve the clinical efficacy of ChEIs in AD treatment.
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CAFFEINE ENHANCES ACETYLCHOLINE RELEASE IN VIVO BY
SELECTIVE ANTAGONISM OF ADENOSINE Aj RECEPTORS.
A.J, Carter*. W.T. O'Connor. M.J. Carter and U. Uneerstedt. Dept. of
Biological Research, Boehringer Ingelheim KG, D-55126 Ingelheim/Rhein,
Germany and Dept, of Physiology and Pharmacology, Karolinska Institute,
S-17177 Stockholm, Sweden.
Caffeine is a commonly used drug which increases arousal, a condition
associated with increased cholinergic activity in the mammalian cerebral
cortex including the hippocampus. We have used the technique of
microdialysis in association with microbore high-performance liquid
chromatography to investigate the effects of caffeine on the extracellular levels
of acetylcholine in the hippocampus of awake, freely moving rats. The oral
administration of caffeine dose-dependently (3 - 30 mg/kg) increased the
extracellular levels of acetylcholine. This increase' was completely blocked
when the microdialysis probe was perfused with the Na+-channel blocker
TTX, and strongly attenuated when a Ca^+-free Ringer solution was

employed. The effect of caffeine on hippocampal acetylcholine release was
concentration-dependently counteracted by local perfusion of the Aj receptor
agonist N^-cyclopentyladenosine (0.1-1 pmol/L), but not by the A2 receptor
agonist CGS 21680 (10 pmol/L). Neither agonist affected baseline
acetylcholine release at these concentrations. These results demonstrate that
acetylcholine release in the hippocampus is under tonic inhibitory control of
the endogenous neuromodulator adenosine, and that orally administered
caffeine enhances action potential-dependent vesicular acetylcholine release by
antagonism of local Aj receptors. Hence, the data provide a possible link
between adenosine Aj receptors in the hippocampus, increased cholinergic
activity and the psychostimulant effects of caffeine.
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MODULATION OF RAT CORTICAL ACETYLCHOLINE (ACh)
RELEASE IN VIVO BY a2 ADRENOCEPTOR AGONISTS AND
ANTAGONISTS. S. Tellez, F. Colpaert and M. Marien*. Centre de
Recherche Pierre Fabre, Castres 81100, France.
Cortical ACh release in conscious guinea pigs was shown to be
reduced by noradrenaline and clonidine (Moroni et al., 1983,
JPET 227, 435). The antagonism of this effect by yohimbine (a
non-selective a2 adrenoceptor antagonist) suggested a mediation
by a2 adrenoceptors. Recently we have shown that (+)-efaroxan,
a highly selective a2 antagonist, increases cortical ACh release in
the conscious rat, as measured by microdialysis (Eur. J.
Pharmacol., in press). To further characterize this response, we
have examined the effects of other a2 adrenoceptor ligands in the
same model. The a2 antagonists (mg/kg), (+)-efaroxan (0.63),

atipamezole (2.5) and idazoxan (2.5), increased cortical ACh
outflow by 300, 230 and 220%, respectively, over a 3 h period
following injection. In contrast, the a2 adrenoceptor agonist
UK14,304 (2.5 mg/kg) decreased ACh outflow by 60%. The
cholinesterase inhibitor tacrine had no significant effect on ACh
outflow at 2.5 mg/kg i.p., increased outflow by 350-450% at 5
mg/kg, and was lethal at 10 mg/kg in 2 out of 3 rats. These results
support the notion that cortical ACh release in vivo can be
modulated by a2 adrenoceptors. Selective a2 adrenoceptor
antagonists such as (+)-efaroxan may have a therapeutic potential
in neurological disorders involving deficits in cortical ACh release.
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DEPOLARIZATION-INDUCED BREAKDOWN OF CYTOSOLIC
ACETYLCHOLINE IN
RAT
HIPPOCAMPAL NERVE
TERMINALS: EFFECT ON ACETYLCHOLINE SYNTHESIS IN
THE CYTOSOL. P.T. CarrolPTTUHSC. Lubbock, Texas 79430.
Rat hippocampal minces were loaded with [acetyl 1-14C]
acetylcholine ([14C] ACh) in the presence of echothiophate and the
effect of high K+ and veratridine depolarization determined on the
subcellular storage and release of [14C] ACh and its metabolites.
Depolarization of tissue for 5 minutes released [WC] acetate and
decreased the ratio of [WC] ACh to its metabolites in the cytosol (S3)
without stimulating the release of [MC] ACh. When paraoxon was

used instead of echothiophate, depolarization of tissue no longer
released [14C] acetate or decreased the ratio of [WC] ACh to its
metabolites in the S3 fraction. Depolarization of tissue still did not
release [14C] ACh . However, when tissue was depolarized with
veratridine for 10 minutes in the presence of echothiophate, [14C] ACh
was released. Also, the ratio of [MC] ACh to [HC] acetate in the S3
fraction was reduced to the same extent as the ratio of [HC] ACh to
[14C] acetyl CoA was increased, effects which were blocked by
paraoxon. These results suggest that depolarization of hippocampal
nerve terminals accelerates the breakdown of cytosolic ACh and
thereby speeds up the "forward" reaction of cytosolic ChAT
(BN58l 179758; NINDS 2R01N521289-10).
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